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08:30-09:30 Aud. 06
lobby
Bid. 26

Registration and coffee

09:30-09:50 Aud. 06
Bid. 26

Opening remarks:
Prof. A. Braverman, President of BGU
Mr. Z. Hammer, Minister of Education
Prof. S. Havlin, President of IPS:
Presentation of the IPS award for outstanding graduate research

09:50-10:40 Aud. 06
Bid. 26

Plenary Lecture:
Prof. J.H. Taylor, Princeton University
Clocking pulsars into twenty-first century

10:40-11:00 Aud. 06
lobby
Bid. 26

Coffee break

11:00-13:00 Bid. 34

Parallel sessions:
Astrophysics and cosmology
Condensed matter
Lasers and quantum optics
Nuclear physics
Particles and fields

13:00-14:00

Lunch

13:30-14:30 Bid. 34

Poster session*

14:00-14:30 Aud. 06
Bid. 26

IPS business meeting

14:30-16:30 Bid. 34

Parallel sessions:
Condensed matter
Lasers and quantum optics
Nuclear physics
Particles and fields

Physics in biology
Physics in industry
Plasma and space physics
Statistical physics
and nonlinear dynamics

Physics in industry
Physics in medicine
Plasma and space physics
Statistical physics
and nonlinear dynamics

16:30-17:00 Sonnenfeldt
Aud. lobby
Bid. 73

Coffee break

17:00-17:40 Sonnenfeldt
Aud.
Bid. 73

Plenary lecture:
Prof. R. Hulet, Rice University
Bose-Einstein condensation of Lithium •
it's not just another condensate !

17:40-18:20 Sonnenfeldt
Aud.
Bid. 73

Plenary lecture:
Prof. G. Veneziano. CERN
String theory and its heretic cosmology

18:20-19:00 Sonnenfeldt
Aud. lobby
Bid. 73

Farewell party

An exhibit of scientific equipment and computers
will take place on the third floor of Bid. 34
* Posters can be mounted beginning 08:30.

Program
Plenary Lectures
Bid. 26, Aud. 06
Morning session

Chair: A. Moalem; Ben-Gurion University

• 09:50 - 10:40 J.H. Taylor; Princeton University
Clocking Pulsars Into the Twenty-First Century
Bid. 73, Sonnenfeldt Aud.
Afternoon session

Chair: Y. Aharonov; Tel-Aviv University

• 17:00 - 17:40 R.G. Hulet; Rice University
Bose-Einstein Condensation of Li - It's not Just Another Condensate !
• 17:40 - 18:20 G. Veneziano; CERN
String Theory and its Heretic Cosmology

Astrophysics and Cosmology
Bid. 34, Room 207
Morning session

Chair: S. Nussinov; Tel-Aviv University

• 11:00 - 11:30 R. Brustein; Ben-Gurion University (Invited)
Detection of Relic Gravitational Waves from String Cosmology
• 11:30 — 12:00 V. Usov; Weizmann Institute (Invited)
Radiation From Strange Stars
• 12:00 - 12:30 G. Shaviv; Technion (Invited)
Coulomb Scattering and the Solar Neutrino Problems
• 12:30 - 12:45 E. Griv; Ben-Gurion University
Central NGC 2146 - a Firehose Type Instability?
• 12:45 - 13:00 L.A. Pusti' nik; Sea of Galilee Observatory, Jordan Valley Academic
College
On Stability of Accretion Models and "Hidden" Assumptions

Condensed Matter Physics
Bid. 34, Room 316
Morning session

Chair: Z. Ovadyahu; Hebrew University

• 11:00 - 11:30 Y. Imry; Weizmann Institute (Invited)
Orbital Paramagnetism ofAndreev Electrons
• 11:30— 12:00 U. Sivan; Technion (Invited)
The Coulomb Blockade - Revisited
• 12.00 - 12:30 M. Reznikov; Weizmann Institute (Invited)
Determination of Quasi Particle Charge in the Fractional Quantum Hall Regime
via Quantum Shot Noise Measurements
• 12:30 - 13:00 E. Shimshoni; Oranim - Haifa University (Invited)
Duality Near Quantum Hall Liquid-to-Insulator Transitions
Afternoon session

Chair: G. Jung; Ben-Gurion University

• 14:30 - 15:00 Y. Yeshurun; Bar-Ilan University (Invited)
Local Magnetic Measurements in High-Temperature Superconductors
• 15:00 - 15:30 S. Goren; Ben-Gurion University (Invited)
Enhancement of Nuclear Quadrupole Resonance by Vortices in a Superconductor
• 15:30 - 16:00 A. Gerber; Tel-Aviv University (Invited)
Giant Magnetoresistance in Granular Ferromagnets
• 16:00 - 16:15 Y. Levi; Hebrew University
Scanning Tunneling Spectroscopy oflnhomogeneous Superconductors
• 16:15 - 16:30 Y. Dagan; Tel-Aviv University
Can We Explain C Axis Tunneling Into YBCO by the Marginal Fermi Liquid
Theory ?

Lasers and Quantum Optics
Bid. 34, Room 305
Morning session

Chair: R. Shuker; Ben-Gurion University

• 11:00- 11:30 R.G. Hulet; Rice University (Invited)
Atomic Interactions at the Nano-Kelvin Scale and Their Role in Bose-Einstein Condensations

• 11:30 - 12:00 M. Rosenbluh; Bar-Ilan University (Invited)
Short Optical Pulse Propagation and Pulse Breakup in Resonant Media
• 12:00 - 12:30 Y. Prior; Weizmann Institute (Invited)
COIN - Coherence Observation by Interference Noise
• 12:30 - 13:00 A. Zigler; Hebrew University (Invited)
Optical Guiding of High Intensity Laser Pulse in a Plasma Density Channel
• 13:00 - 13:15 M. Lando; Rotem Industries
Progress of the Solar Pumped Lasers Program
Afternoon session

Chair: M. Rokny; Hebrew University

• 14:30 - 15:00 A. Gover; Tel-Aviv University (Invited)
First Losing of the Israeli Electrostatic Accelerator FEL
• 15:00 - 15:30 P. Shuker; University of Colorado (Invited)
Energy Pooling Cross-Section in Rubidium
• 15:30 - 16:00 Y. Band; Ben-Gurion University (Invited)
Dynamics of Short-Pulse Propagation in Dispersive Media
• 16:00 - 16:301. Averbukh; Weizmann Institute (Invited)
Quantum Wavepacket Technology

Nuclear Physics
Bid. 34, Room 203
Morning session

Chair: D. Ashery; Tel-Aviv University

• 11:00 — 11:301. Tserruya; Weizmann Institute (Invited)
Results From the CERES Experiment: Probing Hot and Dense Nuclear Matter
• 11:30 — 12:00 E. Friedman; Hebrew University (Invited)
The ^Hefir*, TC~ ) Reaction as Evidence for a Dibaryon?
• 12:00 - 12:30 S. MayTal-Beck; Tel-Aviv University (Invited)
The Search for the Pentaquark
• 12:30 - 13:00 A. Uziel; Tel-Aviv University and Weizmann Institute
Transverse Momentum ofD Mesons - a Thermometer of the Quark - Hadron Transition

Afternoon session

Chair: Z. Vager; Weizmann Institute

• 14:30 - 15:00 S. Shlomo; Cyclotron Institute, Texas A&M University (Invited)
Nuclear Matter lncompressibility Coefficient
• 15:00 - 15:20 E. Gedalin; Ben-Gurion University
xPT Calculations for ir° Production in pp Collissions
• 15:20 - 15:50 A. Wolf; Nuclear Research Center Negev (Invited)
Magnetic Moments of Excited States of Fission Products
• 15:50 - 16:20 J. Levin; Weizmann Institute (Invited)
Coulomb Explosion Imaging - Experimental Representation of Intramolecular Correlations

Particles and Fields
Bid. 34, Room 209
Morning session

Chair: S. Tarem; Technion

• 11:00- 11:30 J. Lichtenstadt; Tel-Aviv University (Invited)
Measurements of the Proton and Deuteron Spin Structure Functions
• 11:30- 12:00 Y. Rozen; Technion (Invited)
B Physics at LEP
• 12:00 - 12:30 S.Dagan; Tel-Aviv University (Invited)
The Standard Model and beyond at HERA
• 12:30 - 13:00 D. Lellouch; Weizmann Institute (Invited)
The Israeli Participation to the Atlas Project
Afternoon session

Chair: S. Elitzur; Hebrew University

• 14:30 - 15:001. Bars; University of Southern California & CERN (Invited)
Two Times
• 15:00 - 15:30 R. Plesser; Weizmann Institute (Invited)
to be announced
• 15:30 - 16:00 D. Kutasov; Weizmann Institute (Invited)
Strings, Branes and Gauge Theories
• 16:00 - 16:30 R. Madden; Ben-Gurion University (Invited)
Graceful Exit and Energy Conditions in String Cosmology
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Physics in Biology
Bid. 34, Room 216
Morning session

Chair: D. Andelman; Tel-Aviv University

• 11:00— 11:30 J. Stavans; Weizmann Institute (Invited)
Temperature Dependence of the Efficiency of Termination
• 11:30 - 12:00 D. Golomb; Ben-Gurion University (Invited)
Propagating Pulses in One-Dimensional Neuronal Networks
• 12:00 - 12:30 E. Braun; Technion (Invited)
The Spontaneous Activity of Biological Networks: Experimental Study of Heart
• 12:30 - 13:10 E. Ben-Jacob; Tel-Aviv University (Invited)
Smart Bacterial Colonies

Physics in Industry
Bid. 34, Room 303
Morning session

Chair: S. Barak; Orbotech/Opal/Unix

• 11:00 - 11:30 D. Faiman; Ben-Gurion University (Invited)
Photovoltaic Properties of Buckminsterfullerene and Some C6o Junction Devices
• 11:30 - 12:00 A. Yogev; Weizmann Institute (Invited)
Solar Energy Projects at the Solar Facilities in the Weizmann Institute
• 12:00 - 12:40 M. Fassberg; Intel (Invited)
INTEL Leading Edge VLSI in Israel
• 12:40 - 13:00 A. Gross; Orbotech, Yavne (Invited)
The Physicist Impact in the Development of Hi-Tech Machines
Afternoon session

Chair: S. Barak; Orbotech/Opal/Unix

• 14:30 - 15:00 M. Tur; Tel-Aviv University (Invited)
Fiber Bragg Gratings in Communications andLensing
• 15:00 - 15:30 G. Eisenstein; Technion (Invited)
Principle and Applications of Semiconductor Optical Amplifiers
• 15:30 - 16:00 D. Ben-Zeev; SmartLight Ltd. (Invited)
Digital Film Viewing

• 16:00 - 16:30 M. Berger; El-Op Ltd. Remote Sensing Operation (Invited)
Instrumentation for Earth Remote Sensing From Space

Physics in Medicine
Bid. 34, Room 214
Afternoon session

Chair: D. Gill; Ben-Gurion University

• 14:30 - 15:00 H. Taitelbaum; Bar-Ilan University (Invited)
Photon Migration in Tissues: Model and Applications
• 15:00 - 15:20 D. Maor; Elscint Ltd. (Invited)
Physics of Medical Imaging
• 15:20 - 15:50 E. Miron; Nuclear Research Center Negev (Invited)
Laser-Polarized Inert Gas Imaging
• 15:50 - 16:10 S. Akselrod; Tel-Aviv University (Invited)
Computerized Analysis of Ovarian Cysts in Ultrasound Images - A Step Towards
Automatic Classification of Ovarian Masses
• 16:10 - 16:30 M. Strauss; Nuclear Research Center Negev (Invited)
Short Pulse Lasers in Medical Applications

Plasma and Space Physics
Bid. 34, Room 314
Morning session

Chair: Dov Shvarts; Negev Nuclear Research Center

• 11:00 - 11:30 L. Friedland; Hebrew University (Invited)
Autoresonant Excitation and Control of Nonlinear Waves in Space-Time Varying
Plasmas
• 11:30 — 12:00 A. Fruchtman; Center for Technological Education Holon (Invited)
Stationary Plasma Thruster Modeling
• 12:00 - 12:30 D. Oron; Negev Nucler Research Center (Invited)
Scaling of the Rayliegh-Taylor Instability Nonlinear Evolution in Ablatively Driven
Inertial Fusion
• 12:30-12:45 R. Arad; Weizmann Institute
Spectroscopic Investigations of the Time Dependent 2D Magnetic Field Distributions in High-Current Carrying Plasmas

10

• 12:45 - 13:00 E. Behar; Hebrew University
Effect of Electron-Ion Collisions on Dielectronic Recombination ofNi-Like Ions
Afternoon session

Chair: Sami Cuperman; Tel-Aviv University

• 14:30 - 15:00 V. Karpman; Hebrew University (Invited)
Radiation ofLangmuir Solitons
• 15:00 - 15:30 M. Mond; Ben-Gurion University (Invited)
Propagation and Stability of Strong Shocks in Gases
• 15:30 - 16:00 M. Podolak; Tel-Aviv University (Invited)
Recent Advances in the Study of Comets
• 16:00 - 16:15 M. Topaz; El-Op Ltd. Remote Sensing Operation
TAUVEX- Short Wavelength Astronomy From Deep Space
• 16:15 - 16:30 D. Zilbersher; Ben-Gurion University
Dynamics of Pickup Ions at the Structured Quasiperpendicular Shock

Statistical Physics and Nonlinear Dynamics
Bid. 34, Room 205
Morning session

Chair: I. Goldhirsch; Tel-Aviv University

• 11:00 - 11:30 T. Elperin; Ben-Gurion University (Invited)
Intermittency and Anomalous Scalings of Passive Fields Advected by Turbulent
Flow
• 11:30 - 12:00 A. Aharony; Tel-Aviv University (Invited)
Absence of Self-Averaging and Universal Fluctuations in Critical Random Systems
• 12:00 - 12:30 Y. Kantor; Tel-Aviv University (Invited)
Charged Polymers, Necklaces, and Loops in Random Walks
• 12:30 - 13:00 R. Yerushalmi-Rozen; Ben-Gurion University (Invited)
Cross-Link Induced Autophobicity in Polymer Melts: A re-Entrant Wetting Transition
Afternoon session

Chair: A. Rabinovitch; Ben-Gurion University

• 14:30 - 14:55 S. Alexander; Weizmann Institute (Invited)
Stresses in Amorphous Materials and Structural Buckling
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• 14:55-15:20 D. Levine; Technion (Invited)
A Brief Overview of Sand Physics
• 15:20 - 15:45 L.Prigozhin; Weizmann Institute (Invited)
Shape of a Sandpile and Free-Surface Segregation: Model and Experiment
• 15:45 - 16:10 L.M. Pismen; Technion (Invited)
Planform Selection in Non-Equilibrium Patterns
• 16:10 - 16:35 B. Meerson; Hebrew University (Invited)
Vorticity Generation in Slow Cooling Flows: a New Paradigm for Turbulence?
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Plenary Lecture
Bose-Einstein Condensation of Lithium - It's Not Just Another Condensate!
R. G. Hulet. C. C. Bradley, C. A. Sackett, and M. Welling
Physics Department, Rice University, Houston, TX 77005, USA
Einstein proposed in 1925 that a gas of non-interacting atoms (an "ideal gas") could
undergo a phase-transition into a new state of matter, if the gas was sufficiently cold.
In 1995, three groups succeeded in creating dilute atomic gases that were only a fewbillionths of a degree above absolute zero, and Einstein's predicted "Bose-Einstein condensation" did occur [1-3]. Although these gases were dilute, and the interactions between
atoms weak, the effect of the interactions can be profound. In the case of rLi [2], the attractive interactions tend to cause the gas to collapse and prevent BEC from occurring.
However, it is now realized that BEC is possible in a trapped gas, because the attractive
forces can be balanced by the quantum pressure of confinement. This balance should be
effective up to a limited number of condensate atoms, which is predicted to be about 1300
for our experiment.
In the experiment, atoms are confined by a permanent magnet trap, which is loaded
using laser cooling. Evaporative cooling takes the atoms to final temperatures in the range
of 100 nK. A phase-contrast technique is used to image the atom clouds. BEC is revealed
by the presence of a spatially localized peak in the density distribution. The number of
condensate atoms grows abruptly at the transition temperature and the number is limited
as predicted by theory [4]. These measurements provide a sensitive test of theory and
illustrate the profound effect of microscopic interactions on the macroscopic properties of
Bose-Einstein condensates of dilute gases.
The 7Li condensate is unique in its effectively attractive interactions. A condensate
with an atom number near the stability limit is believed to collapse via macroscopic tunneling of the entire condensate. I will discuss our progress in observing this collapse. I
will also discuss the properties of a degenerate Fermi gas of 6 Li, which is predicted to
undergo a BCS-like phase transition [5].
[1]
[2]
[3]
[4]
[5]

M. H. Anderson et al., Science 269, 198 (1995).
C. C. Bradley et al., Phys. Rev. Lett. 75, 1687 (1995).
K. B. Davis et al., Phys. Rev. Lett. 75, 3969 (1995).
C. C. Bradley, C. A. Sackett, and R. G. Hulet, Phys. Rev. Lett. 78, 985 (1997).
H. T. C. Stoof et al., Phys. Rev. Lett. 76,10 (1996).
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Plenary Lecture
String Theory and Its Heretic Cosmology
G. Veneziano
CERN
In string theory, an initial cold, empty, nearly-flat and nearly-decoupled Universe necessarily undergoes an inflationary evolution towards the hot, dense and highly-curved
state usually called the Big Bang. This heretic scenario will be reviewed, together with
the observable relics it should have left behind for present or future observation.
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Invited

Detection of Relic Gravitational Waves from String Cosmology
Ram Brustein
Department of Physics, Ben-Gurion University, Beer-Sheva 84105, Israel
Because the gravitational interaction is so weak, a stochastic background of gravitational radiation decouples from the matter in the universe at very early times. For this
reason, the stochastic background of gravitational radiation, which is in principle observable at the present time, carries with it a picture of the state of the universe at very early
times, when energy densities and temperatures were very large. The most interesting features of string theory are associated with its behavior at very high energies, near the Planck
scale. Such high energies are unobtainable in present-day laboratories, and are unlikely
to be reached for quite some time. They were, however, available during the very early
history of the universe, so string theory can be probed by the predictions which it makes
about that epoch. Recent work has shown how the early universe might behave, if superstring theories are a correct description of nature [1,2]. One of the robust predictions of
this "string cosmology" is that our present-day universe would contain a stochastic background of gravitational radiation [3], with a spectrum which is quite different than that
predicted by many other early-universe cosmological models. In particular, the spectrum
of gravitational waves predicted by string cosmology has rising amplitude with increasing frequency. This means that the radiation might have large enough amplitude to be
observable by ground-based gravity-wave detectors, which operate at frequencies above
s» 10 Hz. This also allows the spectrum to be consistent with observational bounds arising
at 10~18 Hz from observations of the Cosmic Background Radiation and at 10~8 Hz from
observation of millisecond pulsar timing residuals.
I explain how to use gravitational wave antennae to discover such a stochastic background and what we may hope to learn from such a discovery.
[1] G. Veneziano, Phys. Lett. B265 (1991) 287.
[2] M. Gasperini and G. Veneziano, Astropart. Phys. 1 (1993) 317.
[3] R. Brustein, M. Gasperini, M. Giovannini and G. Veneziano , Phys. Lett. B361
(1995)45.
[4] B. Allen and R. Brustein, Phys. Rev D, to appear.
[5] S. Vitale, M. Cerdonio, E. Coccia and A. Ortolan, Phys. Rev. D55 (1997) 1741.
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Invited

Photon Radiation of Strange Stars and Possible Ways of Their Discovery
V. Usov
Department of Condensed Matter Physics, Weizmann Institute, Rehovot 76100, Israel
Strange stars have been proposed by Witten [1 ] as a new class of astronomical compact
objects. If the Witten's idea is true, at least some part of the compact objects known to
astronomers as pulsars, powerful accreting X-ray sources, X-ray and 7-ray bursters, etc.
are probably strange stars, not neutron stars as is usually assumed [2, 3]. Strange quark
matter with the density of ~ 4 x 1014 g cm~3 can exist, by hypothesis, up to the surface
of strange stars. The quark surface is a very poor radiator at energies eT < 20 MeV.
The presence of normal matter (ions and electrons) at the quark surface may restore the
ability of the surface to radiate soft photons (this is like painting with black paint on a
silver surface). The photon radiation of a strange star with a low-mass atmosphere is
calculated [4]. It is shown that a very small amount of normal matter at the quark surface
with temperature Ts ~ 107 — 109 K is enough to produce X-rays with high luminosity,
Lx ^ 1032 - l O ^ A M / l O ^ ' M © ) 2 erg s" 1 . For the total atmosphere mass A M ~
(10~20 - lO~19)Af0, this luminosity may be as high as the Eddington limit. It is very
important for discovery of strange stars that the mean energy of X-ray photons which are
radiated from such a low-mass atmosphere of a strange star is ~ 103(718/108 K)0>4B ^
30 — 300 times larger than the mean energy of X-ray photons which are radiated from
the surface of a neutron star for a fixed temperature at the stellar center. This raises the
possibility that some black hole candidates with hard X-ray spectra are, in fact, such
strange stars with a low-mass atmosphere. The X-ray emission from single strange stars
is estimated.
[1]
[2]
[3]
[4]

E. Witten, Phys. Rev. D30,272 (1984).
C. Alcock et al., ApJ 310,261 (1986).
J. Madsen and M.L. Olesen, Phys. Rev. D43,1069 (1991).
V. Usov, ApJL (submitted).
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Contributed

Central NGC 2146 — a Firehose Type Instability?
Evgeny Griv
Department of Physics
Ben Gurion University, 84105 Beer Sheva, Israel
Recently, Zhao et al. [1] have reported on the detection the hydrogen recombination
line H92a from the galaxies Arp 220, M83, and NGC 2146, using the Very Large Array.
In order to fit the observed both H92a line and continuum data in the nuclear parts, Zhao
et al. utilized a model with a collection of HII regions associated with young stars: ~ 104
O5 stars are required in NGC 2146.
A fascinating feature of NGC 2146 is the prominent fi-shaped structure in the nuclear region, seen both on the radio continuum image at 8.3 GHz and on the H92a line
emission image with an angular resolution of 2" [1]. I offer here a tentative model which
accounts in a simple manner for the anomalous phenomenon observed toward the nucleus
of NGC 2146. A theory and iV-body gravitational simulations of a bending (or buckling)
instability of small-amplitude collective oscillations of a stellar disk are developed which
provide an explanation for the required one-side fi-shaped bend of the inner regions (< 1
kpc) of the galaxy.
This instability which leads to an aperiodic wave growth along the vertical, perpendicular to the galactic plane direction is studied by employing the mathematical methods
of plasma kinetic theory. As a result, the dispersion relation, u = u>(k), describing the
ordered behavior of a thin, practically nonrotating galactic disk of stars near its quasiequilibrium state is obtained in the form

JTdv -

/

l

where u is the wavefrequency, k is the wavenumber, G is the constant of gravitation, a0 is
the surface mass density, c,. is the radial dispersion of random velocities v ("temperature"),
and h is the disk thickness (\k\h < 1). It is straightforward to show that a particular
solution of Eq. (1) describes the symmetric with respect the z-axis, aperiodic, bending
firehose-type instability, u>2 ~ 2rGao\k\ — k2c2 < 0. (In plasma physics, the usual
name for this instability - firehose one - recalls the fact that the writhing of a hose as
water flows rapidly through it has essentially the same nature.) The instability is driven
by excess of plane kinetic energy of stars oc c2., when the ratio of the velocity dispersion
in the plane to the velocity dispersion in the perpendicular direction cz is large enough,
namely, c2 ~ 2 • c2..
[1] J.-H. Zhao et al., Astrophys. J. 472,54(1996).
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Contributed

On Stability of Accretion Models and "Hidden" Assumptions
L.A.Pustil1 nik
Sea of Galilee Observatory,
Jordan Valley Academic College, 15132, Israel
Critical analyses of the standard accretion models is presented.
We consider "model's stability" of the theory of disc accretion onto black holes and
of the theories of spherical/disc accretion onto magnetosphere. We take into account real
physics processes and geometry (inner magnetic field in accreted plasma, finite conductivity, finite length of the field lines, finite rotation of the accreted object and magnetic
shear on the boundary between magnetosphere and accreted plasma).
We show that influence of these factors lead to radical change both pattern of accretion
as whole and character of the energy release in accreted system:
1. For accretion onto magnetosphere some magnetic shear generation on the boundary
"magnetosphere-accreted plasma" caused by relative rotation lead to stability of magnetosphere boundary against fast MHD interchange modes and make use of this fundamental
assumption for magnetospheric accretion absolutely incorrect [1]. Final state of the magnetospheric accretion is not flute's penetration through equatorial zone, but flowing into
polar casp zone, accumulation there of matter with axial angular moment and penetration
into magnetosphere through boundary current's skin layer by slower tearing modes.
2. For disc accretion influence of dynamo process and Parker mode instability destroy
classic -disc into numerous clouds with hot corona [2] above them and with polar Z-pinch
like structure above accreted center as main energy release engine.
Current sheet and Z-pinch like structure have formed over polar regions of accreted
object contain strong plasma turbulence and regular electric fields [3]. Particles acceleration in these regions may be source of effective energy conversion into the nonthermal
particles and emission observed from many accreted objects by EGRET (COMPTON)
telescope and by UHE Cherenkov shower telescopes.
[1] N. Ikhsanov, L. Pustil'nik, Atrophys. J.Suppl., 90, 959(1994).
[2] A. Galeev, R. Rosner, G. Vaiana, Atrophys. J., 229, 318(1979.
[3] N. Ikhsanov, L. Pustil'nik, Astronomy and Astrophysics, 312, 3381(1996).
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Poster

Cosmic Rays, Radiocarbon Method and the Problem of Elements Global Mixing
and Exchange on the Earth.
Lev I. Dorman
Physical Dep. ofTechnion, Haifa 32000, Israel

We develop our early investigations [1], [2], [3] of the radiocarbon problem: generation in the Earth's atmosphere by galactic and solar cosmic rays, processes of vertical and
global mixing of elements, processes of global element exchange, radiocarbon contents
in dated samples.
We introduce and calculate the local and polar radiocarbon coupling functions for the
Earth's atmosphere with taking into account vertical mixing of elements. Then we introduce and calculate the global coupling function with taking into account the global
elements mixing and influence of geomagnetic field on cosmic ray planetary distribution.
For the contents of radiocarbon in the atmosphere and in dated samples are very important
exchange processes between several reservoirs on the Earth. As the first approximation
we consider two-reservoir model and then the model of five-reservoir elements exchange.
By comparison with experimental data on radiocarbon contents we estimate the exchange
constants. On the basis of developed methods and obtained solutions of equations determined the time evolution of radiocarbon production rate and contents in the Earth1 s
atmosphere we consider data of great atomic bomb tests in 1962 and determine the parameters of elements global mixing and exchanging on the Earth. We show that in 1962
was produced by atomic bomb tests in the atmosphere neutrons and radiocarbon atoms
about 500 times more than was produced by the total flux of galactic cosmic rays on the
Earth for this year. The obtained results we use for investigation by radiocarbon method
cosmic ray time variations in the past caused by changes of geomagnetic field, by solar
activity cycles, and by possible local supernova explosions.
[1] Dorman L.I., Proc. of 15-th Intern. Cosmic Ray Conf.,Plovdiv, 4, 369 (1977).
[2] Dorman L.I., Proc. of 15-th Intern. Cosmic Ray Conf., Plovdiv, 4, 395 (1977).
[3] Dorman L.I., In "Astrophysics Phenomena and Radiocarbon", Metsniereba, Tbilisi,
49-96(1978).
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Cosmic Rays and Cosmogenic Nuclides in Space, Inside Bodies, in Atmospheres
Lev I. Dorman
Physical Dep. ofTechnion, Haifa 32000, Israel
Cosmogenic nuclides (more than hundred stable and unstable isotopes) are continuously generated by nuclear interactions of cosmic ray particles (primary protons and
nuclei as well as secondary cosmic ray nuclear-active particles like neutrons, secondary
protons, pions and others) with matter: 1) in space (interstellar gas and dust, moleculargas clouds, solar and stellar winds), 2) on surfaces of bodies and inside bodies (meteorites, asteroids, planets and satellites without atmospheres, bodies of comets), 3) in atmospheres of planets and stars. Cosmogenic nuclides contain very important information
on the history of cosmic rays as well as on history of many astrophysical objects; the
problem is how to extract this information. Here we consider the general equations and
its solutions determined the space-time variations of cosmogenic nuclide production rate
and contents in any astrophysical objects (space, bodies, atmospheres) by the method of
coupling functions which was developed before for cosmic ray variations research [ 1 ] ,[2].
In more details the method of local and planetary cosmogenic nuclide coupling functions
is considered for the case of the Earth: cosmogenic isotopes generation, mixing and exchange between several reservoirs, cosmogenic nuclides in dated samples.
[1] Dorman L.I., "Cosmic Ray Variations", Gostekhteorizdat, Moscow (1957); English
translation: Washington DC, 1957.
[2] Dorman L.I., "Experimental and Theoretical Principles of Cosmic Ray Astrophysics
and Geophysics", Fizmatgiz, Moscow (1975).
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Gamma Rays and Cosmic Rays From Supernova Explosions and Young Pulsars in
the Past
Lev I. Dorman
Physical Dep. ofTechnion, Haifa 32000, Israel
Cosmic rays as well as gamma rays from supernova explosions and young pulsars in
the past produced in the Earth's atmosphere neutrons; the interaction of neutrons with
atoms of nitrogen generates radiocarbon 14C with decay time 5730 years. The nuclear
interactions of cosmic and gamma rays from supernova explosions with atoms of atmosphere generate also a lot of other cosmogenic radionuclides. By using the method of
cosmogenic radionuclides coupling functions with taking into account global mixing and
exchange processes of elements on the Earth (developed in the first approximation in
[1], [2], and then in [3], [4])on the basis of experimental data of radiocarbon contents in
annual rings of trees and on contents of some other cosmogenic radionuclides in dated
samples we estimate possible gamma ray fluxes from supernova explosions and young
pulsars in our Galaxy in the last few thousand years as well as cosmic ray fluxes from local supernova explosions (up to about 100 pc from the Sun) in the last 100 thousand years.
We compare obtained results with available data on supernova remnants. By taking into
account the transport parameters for cosmic ray propagation in the galactic disc we estimate the total energy for cosmic ray generation in the source as well as for generation of
gamma rays.
[1] Dorman L.I., Proc. of 15-th Intern. Cosmic Ray Conf..Plovdiv, 4, 369 (1977).
[2] Dorman L.I., Proc. of 15-th Intern. Cosmic Ray Conf., Plovdiv, 4, 395 (1977).
[3] Dorman Lev I., In 'Towards the Millennium in Astrophysics", ed. M. Shapiro and
J. Wefel, World Sci. Publ. Co, Singapore (1997).
[4] Dorman Lev I., In "Towards the Millennium in Astrophysics", ed. M. Shapiro and
J. Wefel, World Sci. Publ. Co, Singapore (1997).

24

Astrophysics and Cosmology

Poster

Angle Distribution and Time Variation of Gamma Ray Flux From Solar and Stellar
Winds Generated by Flare Energetic Particles
Lev I. Dorman
Physical Dep. ofTechnion, Haifa 32000, Israel
On the basis of data on generation of solar flare energetic particles and its propagation
in the Heliosphere we calculate the interaction of these particles with matter in the interplanetary space and estimate the angle distribution and time variation of generated gamma
ray flux according to [1 ]. For some simple diffusion model of solar flare energetic particle
propagation we obtain analytical approximation described the time evolution of gamma
ray flux angle distribution as well as time evolution of gamma ray spectrum. We used
obtained results for estimation of gamma-ray flux from solar wind for some powerful historical events and determine the necessary sensitivity and angle resolution of gamma ray
telescope to detect this phenomena which can give important information on space-time
distribution of solar energetic particles and solar wind matter in the interplanetary space.
We estimate also the expected gamma ray fluxes from interaction of flare energetic
particles with stellar winds for different types of stars.
[1] Dorman L.I., Astronomy and Astrophysics Supplementary Series, 120, No. 4 (1996)

25

Astrophysics and Cosmology

Poster

Angle Distribution and Time Variation of Gamma Ray Flux From Solar and Stellar
Winds Generated by Galactic Cosmic Rays
Lev I. Dorman
Physical Dep. ofTechnion, Haifa 32000, Israel
We use obtained in our investigations of galactic cosmic rays - solar activity hysteresis
phenomena the change of cosmic ray modulation parameters during solar cycle to calculate the change of cosmic ray density distribution in the Heliosphere during solar cycle
in dependence of particle energy. We use also the recent Ulysses data on helio-latitude
distribution of solar wind speed and density and its possible changing during the solar
cycle.
Then we calculate according to [ 1 ] the expected time variation of the angle distribution
and spectra of gamma ray flux generated by interaction of modulated galactic cosmic rays
with solar wind matter. These calculations we made for gamma ray observation on the
Earth as well as for observation from space probe on different distances from the Sun.
Our results show what type of gamma ray telescope can be used to detect with good
accuracy gamma rays generated by interaction of galactic cosmic rays with solar wind
matter; investigation of this phenomena can give important additional information on
solar wind distribution and cosmic ray modulation during solar cycle.
We estimate also the expected gamma ray flux generated by galactic cosmic ray interaction with stellar wind matter with taking into account possible modulation for different
types of stars.
[ 1 ] Dorman L.I., Astronomy and Astrophysics Supplementary Series, 120, No. 4 (1996)
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Local Stability Criterion for Saturn's Rings
Evgeny Griv
Department of Physics
Ben Gurion Universitx. 84105 Beer Sheva. Israel
The self-gravitating paniculate disk of Saturn's rings is studied using the linear theory to determine its evolution and stability against gravitational Jeans-type perturbations.
The analysis is carried out in the approximation of the basically homogeneous and twodimensional system. In addition, the case is considered with rare collisions between particles when the squared epicyclic frequency «z as well as the squared orbital angular frequency Q2 greatly exceeds the squared frequency of interparticle collisions v\\ that is, the
analysis presented here is valid only in the regime of low optical depth in Saturn's rings,
T = vc/Q ~ 1. The analogy with magnetized plasma problems is utilized by applying
the so-called method of the single particle dynamics (the Langrangian description). In the
framework of this analytical method the motion of an "average" particle is considered.
The local dispersion relation for small-amplitude oscillations is derived, from which an
analysis is given of the dispersion law both for axisymmetric (radial) and nonaxisymmetric (spiral) Jeans perturbations The main result, which follows from the dispersion
relation, is the local stability criterion. The criterion generalizes that of the well-known
Toomre's one [1] for spiral gravity perturbations. In order to confirm the validity of the
generalized stability criterion thus derived, the dynamical behavior of the different models of the Saturn's ring disk is studied by /V-body computer simulations. The numerical
method of local simulations (or AT-body simulations in a Hill's approximation) is applied.
It is shown that the stability criterion obtained from the computer models is in general
agreement with the theoretical prediction [2]. It is proposed that as a direct result of the
Jeans instability of nonaxisymmetric perturbations the Saturn's ring disk is subdivided
into numerous irregular ringlets, with size and spacing of the order 40-80 m. It is suggested that forthcoming in 2004 Cassini spacecraft high-resolution images of Saturn's
rings may reveal this kind of hyperh'ne structure [3], [4].
The investigation was supported in part by the Academia Sinica in Taiwan.
[11
[2]
[3]
[4]

A. Toomre, Astrophys. J. 139, 1217(1964).
E. Griv, Planet. Space Sci. 45, 1997 (in press).
E. Griv, Planet. Space Sci. 44, 579(1996).
E. Griv, C. Yuan and T. Chiueh, Planet. Space. Sci. 44, 1185(1996).
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Observations of the Solar Activity on the Solar Radio Telescope of the Sea of
Galilee Observatory of the Jordan Valley College
D.Pundak, L.Pustil'nik, S.Pustil'nik
Sea of Galilee Observatory
Jordan Valley Academic College, 15132, Israel
We present results of the first year solar observations on the 2.5 meter solar radio
telescope (first in Israel) located in the Sea of Galilee Observatory of the Jordan Valley
Academic College. The main task of observations - search of preflare manifestation of
flare energy accumulation in the magnetic structure over active region and signs of the
flare trigger mechanisms activisation. Fine time structure caused by magnetic structures
fragmentation and non-thermal/coherent processes of emission is the object of investigation, too.
We use 6-channel high speed receiver-polarimeter for the registration of intensity and
circular polarization simultaneously in the 3-wavelength (5.8 MHz, 6.0 MHz, 6.2 MHz).
We realized daily monitoring of the solar activity with medium time resolution (1 sec).
On-line control of flux level provides automatic transition from "patrol" to "flare" regime
of registration with the time resolution up to 0.5 millisecond for fast flux increasing during
flare (this regime allows to store in buffer memory 20 sec preflare interval and 5 minute of
postflare interval with millisecond resolution in all frequencies and polarization's channels).
We present here some preliminary results obtained during 1996 year. In spite of low
activity level at this period (solar activity minimum 1996) we observed very interesting
event during extremely power flare at July 9, 1996. During 5 seconds the flux of flare
emission increased up to level 30 flux of the Sun and fall down slower during 20 seconds.
Comparison with GOES7, Yohkoh X-ray data and Ha, Call measurements show that the
flare was located on the coronal heights and energy release had place to high temperature
plasma and nonthermal component of charged particles.
The most intriguing manifestation of the flare behavior is the consequence of short
time precursors (T as Isec) of high amplitude (30 minute and 15 minute before flare
itself). Similar phenomena was observed sometimes in the hard X-ray range and may be
connected with preflare growing of oscillation of overheating plasma in magnetic trap.
The observed time interval of the precursors-flare consequence corresponds to Alfven
times of flute oscillation in magnetic trap near threshold of stability [1]. Registration of
similar precursors may be useful for short scale (hours) prediction of strong solar flare.
[1] D.Pundak, L.Pustil'nik, S.Pustil'nik, Solar Phys., in print (1997).
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The Non-steady State of a Turbulent Current Sheet of Flares as Current
Percolation in a Random Net
L.A.Pustil'nik
Sea of Galilee Observatory, Jordan Valley Academic College, 15132, Israel
It is argued that the equilibrium state of the current sheet is unstable relative to some
group of processes: dissipative instabilities of tearing type, which divide current sheet
into numerous thin current strings; MHD-instabilities (sausage, kink, ...) which result
in the local current string collapse at numerous points and to electrostatic double layers
formation; overheating of turbulent plasma which with effective plasma turbulence suppression; splitting of the current sheet and turbulent state on the broad with an "normal
plasma"
The final state of flare1 s current sheet is extremely inhomogeneous and contain numerous clusters of the turbulent low conductive domains and the normal one. Current propagation through this mixture state is not free, but similar to percolation process. Final sate
of flare's current sheet is similar to percolation through stochastic net of "good'V'bad"
resistors with constant source of electric current. This pattern with complex feed back between current propagation and plasma turbulence state in local domains may be described
on the basis of elementary transitions probabilities in stochastic resistors net (ioli2; w3tl )
with threshold dependence of conductivity in resistors on local current value, cross connections between resistors ( £ jk = J ) and delay effects. This state will be determined
by clusters fractality, dimensions, threshold of percolation and infinite clusters disruption
and will have standard properties of percolated current system [1]:
1 .The threshold dependence of global net conductivity on density of bad elements
and, hence, on current value: a oc (J — Jcr)~0, which explains a threshold character of
the flare phenomena itself.
2. The universal power spectrum of statistical dependence on flare parameters (amplitude, power, energy): Nx <x x~a. The exponents a,/9 are determined by the fractal
dimensions of the clusters.
3.The universal power energetic spectrum Ne oc e~7 for accelerated high-energy particles [2] caused by the commonness of accelerated process (space diffusion in the regular
electric field of the current sheet) and surviving of accelerated particles in accelerated
region against diffusion losses.
[1] S. Kirpatrik, Rev. Modern Physics. 45, 574(1973).
[2] L. Pustil'nik, Sov. Astronomy, 19, 195(1978).
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Investigation of the Flare Star EV Lac in its Quiet State
G. Roizman, G. Sigal, D. Pundak
Sea of Galilee Observatory
Jordan Valley Academic College, 15132, Israel
Results of the EV Lac spotted variability observations carried out during the summer
1995 at the Sea of Galilee Astrophysical Observatory are discussed.
An amplitude of the variability in V-band was about 0.025 mag. No real changes of
B-V and V-R color-indexes were found, nor real deviations of the observed light curves
from a sine function with a confidence probability of 99%.
Analysis of the brightness variations and the internal variances of the single measurements in the BVR-bands suggests an existence of additional blue non-flare radiation,
probably due to an emission of bright active regions in the chromosphere of EV Lac. The
Julian dates of EV Lac brightness minima during 1970-1995 are presented. The O-C deviations give the evidence of being a periodic function of time with about 3.5-years period
of variability, probably due to the latitudinal drift of starspots during an activity cycle on
the differentially rotating star. On the basis of computer simulations within the framework of the zone model of spottedness, it is proposed to use the irregular fast O-C shifts
as the measure for estimating statistical nonuniformity of starspots distribution along the
longitude.
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Orbital Paramagnetism of Andreev Electrons
Y. Imry1 and C. Bruder2

l

Weizmann Institute of Science, Department of Condensed Matter Physics, IL-76100
Rehovot, Israel
2
Institutfiir Theorie der Festkorperphysik, Universitat Karlsruhe, Karlsruhe, FRG

Motivated by the surprising experimental results[l], we consider the magnetic-field
dependence of the Andreev states in a clean normal layer (N) coating a superconducting cylinder (S). These states have closed current loops, and therefore orbital magnetic
moments which result in paramagnetic response to an external magnetic field, in analogy
with the similar effect in a p-n quantum-well junction[2]. A reasonably-sized barrier between N and S reduces[3] the energies of these states enough to yield a low-temperature
paramagnetic response possibly larger than the Meissner one. Some remarks on the case
where the normal layer (N) is nominally dirty, will be made.
[1] P. Visani, A. C. Mota and A. Pollini, Phys. Rev. Lett. 65 1514 (1990); A. C. Mota,
P. VisaniA. Pollini and K. Aupke, Physica B197, 95 (1994).
[2] N. Shmueli, A. Yacoby and Y. Imry, Europhys. Lett. 29, 712 (1995), and to be
published.
[3] J. Bar-Sagi, Ora Entin-Wohlman, Solid State Comm.22, 29-31 (1977).
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The Coulomb Blockade - Revisited

U. Sivan1. R. Berkovits2, Y. Aloni1, O. Prus1 and A. Auerbach1
x

Solid State Institute and Physics Dept. -Technion-ITT, Haifa 32000
The Jack and Pearl Resnick Inst. of Advanced Technology, Physics Dep. -Bar IIan
University, Ramat Gan 52900.

2

Present theories concerning various facets of the Coulomb blockade phenomenon
will be critically compared with available experimental data. It will be unambiguously
demonstrated that current theories fail to explain most features characteristic to transport
measurements through a quantum dot, indicating that the relevant physics is richer than
originally assumed.
Through comparison of experimental data with numerical simulations it will be argued
that random matrix theory is irrelevant to the problem and that the ground state properties
are dominated by short range Coulomb correlations. In particular it will be shown that the
short range correlations lead to the large fluctuations in the ground state energy and the
reduced sensitivity to magnetic flux observed in the experiment.
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Determination of Quasi Particle Charge in the Fractional Quantum Hall Regime
via Quantum Shot Noise Measurements
R. de Picciotto, M. Reznikov, M. Heiblum, V. Umanskii and G. Bunin
Dept. of Condensed Matter Physics. Wetzmann Institute of Science. 76100, Rehovot,
Israel
It was argued theoretically by Laughlin that the Fractional Quantum Hall (FQH) effect
could be explained in terms of low laying elementary excitations which carry a fractional
charge. Although this concept is consistent with a considerable amount of experimental
results, no direct evidence of fractional charge excitations had been available. Recently,
Goldman et al. [1 ] argued to measure the fractional charge in a resonant tunneling experiment. However, there is some doubt on the validity of Goldman's interpretation.
We employ here a different approach utilizing the fact that the electron charge could
be determined by measuring spectral density of shot noise: 5(0) = 2el. In the case of
the FQH. the noise to be measured is caused by a current, which is back scattered by a
Quantum Point Contact (QPC) made on top of the 2D gas. This situation was recently
considered within the chiral Luttinger liquid model, which is believed to describe well
the electron liquid in the FQH state near filling factor 1/3 [2, 3]. The predicted spectral
density of shot noise is indeed proportional to the quasiparticle charge: 5(0) = 2e*/ B ,
where IB is a backscattered current
We performed measurements of shot noise generated by the QPC which separates
two bulk region of 2D electron gas. Both in the absence of a magnetic field, and in the
presence of strong magnetic field (namely at integer filling factor), we found the shot
noise to be consistent with an integer electron charge. In contrast, at filling factor 1/3,
we found a strong suppression of the noise suggesting that the current through the QPC
in FQH regime is carried by fractionally charged quasiparticles.
[ 1 ] V.J. Goldman and B. Su. Science. 267:1010-1012, 1995.
[2] C.L. Kane and Matthew P.A. Fisher. Phys. Rev. Lett., 72(5):724-727, 1994.
[3] P. Fendley, A.W.W. Ludwig, and H. Saleur. Phys. Rev. Lett., 75(11):2196-2199,
Sept. 1995.
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Duality near Quantum Hall Liquid-to-insulator Transitions
Efrat Shimshoni
Department of Mathematics-Physics
Oranim-Haifa University. Tivon 36006, Israel
A recent experiment by Shahar et al [!], on the phase transitions between quantum
Hall states and the insulator, found that the current-voltage characteristics in the two
phases are related by a striking symmetry. Employing a composite boson description, we
show that the data can be interpreted as evidence for charge-flux duality, provided that in
addition the Hall response of the bosons vanishes. This interpretation ties in together the
reflection' symmetry observed in the non-linear longitudinal I-V traces, and the measured Hall response, which indicates a quantization of the Hall resistance at both sides of
the transition. Observing that duality for composite bosons is equivalent to a particle-hole
symmetry for composite fermions. we also describe a possible understanding of the data
in terms of a Landauer analysis of transport for the latter.
[1] D. Shahar, D. C Tsui. M. Shayegan, E. Shimshoni and S. L. Sondhi. Science 2A1.
589(1996).
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Local Magnetic Measurements in High-Temperature Superconductors
Y, Yeshurun. Y. Abulafia, A. Shaulov, Y. Wolfus, R. Prozorov, E. Zeldov, D. Majer, and
V. Vinokur
Department of Physics
Bar-Ilan University, 52900 Ramat-Gan, Israel
I will review measurements of local magnetic properties of high-temperature superconductors (HTS), focusing on our recent progress in measuring vortex dynamics [1,2,3].
In our measurements we have utilized an array of miniature Hall sensors, developed by
Zeldov [4], to study the induction B in HTS crystals at different locations as a function of
time t. In contrast to conventional techniques where the time evolution of the total magnetization is recorded, we measure the time evolution of the spatial distribution of B, and
thus are able to determine both the time and the spatial derivatives of B. Using this new
information the local relaxation data are analyzed on the basis of the continuity equation
for flux motion. This analysis allows, for the first time, a direct and model independent
determination of flux creep parameters, such as the vortex velocity v, the flux current density D, the electric field E = D/c, and the activation energy U for flux creep. The results
allow the first direct verification of the microscopic theories of magnetic flux behavior in
type-II superconductor. Moreover, analysis of the field and temperature dependence of
the relaxation data reveals two competing flux creep mechanisms: Elastic (collective) and
plastic creep, the latter dominates at a surprisingly large portion of the field-temperature
phase diagram.
[1]
[2]
[3]
[4]

Y. Abulafia et ai, Phys. Rev. Lett. 75, 2404 (1995).
Y. Abulafia etaU Phys. Rev. Lett. 77, 1596 (1996).
Y. Yeshurun, A. P. Malozemoff, and A. Shaulov Rev. Mod. Phys. 68, 911 (1996).
E. Zeldov et al, Phys. Rev. Lett. 73, 1428 (1994).
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Giant Magnetoresistance in Granular Ferromagnets
A. Gerber, A. Milner, Y. Korenblit, B. Groisman, M. Karpovsky, and A. Gladkikh
School of Physics and Astronomy, Raymond and Beverly Sackler Faculty of Exact
Sciences, Tel Aviv University, Ramat Aviv 69978 Tel Aviv, Israel
Giant magnetoresistance phenomenon (GMR) is found in different heterogeneous
magnetic systems, including epitaxially grown multilayers and disordered granular immiscible mixtures of transition metals (Fe, Ni, Co) and normal metals (Cu, Ag, Au..). The
magnetoresistance effect, which can be as large as lOOassociated with spin - dependent
scattering on boundaries of differently magnetized magnetic entities. The two - channel
conductance model serves a basis for a variety of the proposed theoretical treatments.
We present the results of two different experimental studies: 1) temperature dependence of magnetoresistance in a low temperature limit; and 2) effect of intergranular
non-magnetic matrix on magnetoresistance of granular ferromagnets. Both experiments
are in a qualitative disagreement with the predictions of the spin - dependent scattering
approach.
Magnetoresistance of granular Co-Ag films was measured in fields up to 16 Tesla and
at temperatures down to 1.5 K. Contrary to expected, absolute magnetoresistance value
was found to increase linearly with temperature reduction showing no evidence of the low
temperature saturation.
Effect of intergranular non-magnetic matrix on GMR was studied by comparing magnetotransport properties of metallic Co-Ag, Ni-Ag and dielectric Co-SiO2 and Ni-SiO2
films. Both types of systems have similar topology of ferromagnetic component and similar magnetic properties. Despite of a difference of many orders of magnitude in resistivity
of metallic versus dielectric mixtures and different electronic transport mechanisms, both
types of granular ferromagnets demonstrate remarkably similar magnetotransport properties. This might indicate that the GMR effect in granular ferromagnets is essentially
independent of the nature of non-magnetic matrix.
We hope that these experimental results will provoke new and different theoretical
approach to the problem of GMR.
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Scanning Tunneling Spectroscopy of Inhomogeneous Superconductors
Y. Levi. U. Asaf, I. Felner and O. Millo
Racah Institute of Physics
Hebrew University, Jerusalem 91904, Israel
The ability of the Scanning Tunneling Microscope (STM) to provide spatially resolved
I-V characteristics, makes it ideal for monitoring the local electronic properties of inhomogeneous systems. We applied scanning tunneling microscopy and spectroscopy, combined with magnetic susceptibility measurements and Mossbauer spectroscopy, in studies
of two types of systems. One belongs to a new class of high Tc magnetic-superconductors,
RxACeo.eRuSr2Cu2O-i.o-s (R=Eu and Gd), which are magnetically ordered at TN > Tc.
The second is a group of novel superconducting wires, which consist of NbTi (the superconductor) with an ordered array of Ni or Cu filaments, that serve as artificial pinning
centers (APC) for magnetic flux lines.
The APC wires [ 1 ] offer an excellent experimental setting for studying the proximity
effect between superconductors and normal metals. We obtain a "topographic" image
of a small part of the wire1 s cross section, and measure tunneling I-V characteristics in
the vicinity of boundaries between normal and superconducting regions. These measurements yield information about the spatial variation of the superconducting parameters,
from which we may learn about the healing length of superconductivity in the superconductor side, and the penetration of superconductivity to the normal metal.
The high Tc systems [2] exhibited a macroscopic magnetic behavior, below TN ~
180/f, while becoming superconducting below Tc ~ 40K. Mossbauer spectroscopy
indicates that magnetism resides in the Ru sublattice. The tunneling I-V curves taken all
over the sample at T < Tc always manifested spectroscopic gaps, thus suggesting that the
samples consist of a single phase exhibiting an intrinsic coexistence of superconductivity
and magnetism (and are not granular-superconductor systems[3]).
[1] N. D. Rizzo et al., Appl. Phys. Lett. 69, 2285(1996).
[2] O. Millo et al., J.. Low Temp. Phys. (December 1996); I. Felner et. al., Phys. Rev. B
(March-1997).
[3] E. Bar-Sadeh and O. Millo , Phys. Rev. B 53, 3482(1996).
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Can We Explain C Axis Tunneling Into YBCO by the Marginal Fermi Liquid
Theory ?
Y. Pagan and G. Deutscher
School of Physics and Astronomy
Raymond and Beverly Sackler Faculty of Exact Sciences
Tel Aviv University, 69978 Tel Aviv, Israel
We have prepared SIN junctions on sputtered YBCO C Axis films, and we have measured the differential tunneling conductance versus voltage for different junctions with
different barrier thicknesses. The conductance is linear for voltages higher then the energy gap with asymmetric slopes for positive and negative biases. The conductance is
characterized by three parameters: the slope, the zero-bias conductance, and the asymmetry parameter .which we define as the ratio between the conductance slopes for positive
and negative voltages. We checked the relations between the three parameters and compared them to the predictions of the Marginal Fermi Liquid (MFL) theory. We checked
the consistency of the MFL parameters extracted from our experimental data with other
experiments.
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Correlated Orientations in Nanocrystal Fluctuations
T. Ben-David1, Y. Lereah2, G. Deutscher1. J.M. Penisson3, A. Bourret3, R. Kofman4, P.
Cheyssac4
1

Raymond and Beverly Sackler Faculty of Exact Sciences, School of Physics and
Astronomy, Tel Aviv University. Tel Aviv 69978, Israel
2
Faculty of Engineering, Tel Aviv University, Tel Aviv 69978, Israel
3
Service de Physique - Groupe Structures. CEA - CENG, 85X, 38041 Grenoble Cedex,
France
A
Laboratoire de Physique de la Matiere Condensee, URA 190, Universite de Nice Sophia Antipolis, 06108 Nice Cedex 2, France
The dynamical behavior of small lead particles embedded in amorphous SiO has been
observed by High Resolution Electron Microscopy. Spontaneous structural fluctuations,
between various orientations, were observed and quantified. Clear transitions involving
appearance and vanishing of twins were detected. Measurements of the angle change between succeeding configurations of the [111^ atomic plane reveal the existence of several
preferred angular changes. Twin related transformations give a good fit to the observed
angular correlation, which excludes complete particle melting during the transition between successive configurations. It was also found that the particles rotate by few degrees
during this twin transformation.
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Plastic Flow in 4He Crystals
1. Berent and E. Polturak
Department of Physics
The Technion, Haifa 32000, Israel

The density and mobility of crystalline defects such as dislocations or vacancies, determine the rate at which a solid can deform through plastic flow. If at some temperature
the equilibrium density of defects suddenly increases, then theories predict the occurence
of a first order phase transition such as melting. We remark that so far, there is no experimental evidence for this scenario. All the theoretical models require only changes in
the density of defects to trigger the transition. Thus, there are no predictions connecting
changes in the mobility of defects to a first order phase transition.
We investigated plastic flow in 4He crystals near a first order bcc-hcp transition, which
occurs at T-1.772K. Experiments were done in both the bcc and hep phases. In the
experiment, a wire of 80 /xm in diameter was dragged through the crystal under a constant
force. The observed response of the wire can roughly be divided into two regimes: weak
forces (stress exerted by the wire is less than 4 x 103dyne/cm2) where the velocity is
linear in the stress, and strong forces where the velocity is exponential in the applied
stress. According to conventional interpretation, in the linear regime, the motion of the
wire is controlled by diffusion of vacancies, while in the non-linear regime the motion is
due to flow of dislocations.
Under a constant applied stress, the we found that the velocity of the wire increases as
one approaches the transition temperature from above as well as from below. We observed
a sharp maximum of the velocity near the bcc-hcp transition, indicating a dramatic change
in the properties of crystalline defects. It is not yet clear how to link our observations to
the theories mentioned above, since at the present stage of the experiment, we feel that it
is the increase in the mobility of the defects, rather than the density, which is the dominant
factor triggering the phase transition.
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Stimulation of the HTSC Transition in Thick Film YBa2Cu3Ox by Treatment of
the Powerful Pulsed Magnetic Field
E. Broyde1 and M. Yakunin2
l

B.3,Kiryat Weizmann Science Park, Ness Ziona ,70400,Techn. IncubatorJsrael*
2
Institut of Metal Physics, Russian Acad. of Science. Ekaterinburg, Russia

It is discovered the experimental effect of the temperature Tc rising in the end of
SC-transition at 77K in pulsed magnetic field under 10 pulses 32 T in YBa2Cu3Ox thick
films with shortage of the oxygen 6.6-6.8%.The thickness of the films was of 50 mkm,they
ones was produced by trafaret method.Before development Tc was 74K,after the pulses
the temperature Tc has grown to 80K.The resistance transition with the current 1 mA
in specimen was investigated. It is reasonable suppose,that observed effect is caused by
martensite nature of the transition tetra-orthorombic structure in YBa2Cu3Ox,instability
of this compound near SC-transition in high magnetic field and as result,of the displaced
deformation.
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Microwave Measurements on YBa2Cu3O7-x Thin films
E. Farber12, G. Deutscher 1 ^. Koren3, J.P. Contour4, E. Jerby2
1

School of Physics and Astronomy, Raymond and Beverly Sackler Faculty of Exact
Science
^Department of Physical Electronics, Faculty of Engineering Tel Aviv University,
Rammat Aviv 69978, Israel
3
Physics Department, Technion-Israel Institute of Technology, Haifa 3200, Israel
4
Thomson-CSF Research Lab. Corbeville, France

The parallel plate resonator method (PPR) has been used for measuring microwave
properties of high-Tc superconducting c-axis oriented YBa2Cu3O7-x lcmxlcm thin
films. These films were grown by pulsed laser deposition and by dc sputtering. Using
the PPR method, the surface resistance is calculated directly from the measured unloaded
quality factor. At T-5K and 10 GHz, Rs values as low as 50 microohm were obtained
for films having Tc-92K. The method provides relatively accurate and sensitive measurements of the penetration depth. The parallel-plate resonator method has a resolution of
a few Angstroem in the penetration depth measurements. Therefore it is a relatively accurate technique for measuring delta lambda. In our measurements of high quality thin
films we got a linear dependence of the penetration depth in the low temperature range (
Ti=20K), del(lambda)/del(T) takes the range from 2 to 4 Angstroem/K. This indicates an
unconventional gap symmetry with nodes. Our results are qualitatively similar to those
obtained by Hardy et al.[l] on high quality single crystals, although there are some differences in the temperature dependence.
[1] W. N. Hardy, D. A. Bonn, D. C. Morgan, Ruixing Liang, Kuan Zhang, Phys. Rev.
Lett. 70, 3999(1993).
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On the Spinning Motion of the Hovering Magnetic Top
P. Flanders1, S. Gov2, S. Shtrikman2, H. Thomas3
1

Department of Physics and Astronomy
University of Pennsylvania, PA 19104-6396, USA
^Department of Electronics
Weizmann Institute of Science, 76100 Rehovot, Israel
^Department of Physics
University of Basel, Switzerland.
The hovering of a spinning magnetic topp. 2, 3, 4] of angular speed a> in a suitable
inhomogeneous magnetic field is considered. The moment of inertia is taken to be axially
symmetric while the magnetic moment is inclined with a small angle 0 to the axis. We
find that the axis of the top spins with the top's angular speed u; and a cone angle 2a ~
2/iif/?/ [iv2 (73 — /i) — fj,H] where I3 & I\ are the parallel & perpendicular moments of
inertia, \i and H are the magnetic moment and field, respectively, and u> is the angular
speed.
Thus, as the top slows down due to air friction, UJ decreases and for a disk like top
(73 > Ix) a increases. This causes the repulsive magnetic force exerted by the magnetic
field to decrease until it can no longer support hovering and the top drops down vertically.
In this case the minimum speed required for hovering is, to a good approximation, given
by setting a = oo. This gives
-/i)

(2)

For a rod like top (J3 < h) the argument above fails for now a decreases. Here the
minimum speed required for rotational stability of the top is calculated using classical top
physics[5], yielding
"nun.2 = \jlnHhfIl

(3)

As shown in the following plot these results compare favorably with our measurements. It should be noted that in contrast to a classical top there is also a maximum spin
speed for stable hovering which we calculate elsewhere[6].
fl]
[2]
[3]
[4]

C. Sackettet. all.. Am. J. Phys. 61 (4), April 1993, pp. 304.
Ron Edge, The Physics Teacher. 33 (April 1995), pp. 252-253.
M. V. Berry, Proc. R. Soc. Lond. A (1996) 452, 1207-1220.
S. Gov et. all., 1996 Ann. Meet, of the IPS, 42, 121 & 122; Proc. 19th Conv. IEEE
Israel, 1996, pp. 184&426.
[5] L. D. Landau, E. M. Lifshitz, "Mechanics", Pergamon Press, 3rd edition, 1976.
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Structure Control of Surface Freezing in Alcohol Melts by Additives
O.Gang1, M.Deutsch1, X.Z. Wu2, B.M. Ocko3 and E. Sirota4
^Physics Dept., Bar-Ilan University, Ramat Gan 52900, Israel
Material Science Div., Argonne National Lab., Argonne, IL 60115, U.SA
3
Physics Dept., Brookhaven National Lab., Upton, NY 11973, U.SA
*Exxon Research and Engineering Co., Annandale, NJ 08801, U.SA

2

Surface freezing (SF) phenomena, i.e. the formation of an ordered phase at the free
surface of a liquid above its bulk freezing temperature, has been recently observed in
normal alkanes[l] and normal alcohols[2]. Following the discovery of SF we explored
the possibility of controlling SF by specific additives.
Due to the bilayer structure of their surface phase, and ability to form H- bonds by their
OH groups, alkanols C n H 2n+ iOH were studied, with water and a, u;-diols (OHQnHanjOH)
as additives.
In a water vapor environment, X-ray reflectivity studies indicate a swelling of the
hydrated bilayer by a fixed 2.2-2.8 A, relative to the dry ones, for all lengths studied
(n-16-28). Considerable increase the temperature range of the SF from 0.15-0.9 CC to
1.6-2 °C was also noticed, depending on chainlength n. The swelling is attributed to
water molecules intercalating in between, and H-binding to, the top and bottom layers
of the bilayer, as found also for bulk hydrated alkanols. GID meaurements demonstrated
the persistence of the in-plane structure. However, a decrease of the tilt angle by several
degree was revealed for alcohols with n>22.
The alcohol-diol (n-18-28, m-2-9) system showed common behavior for all mixtures
investigated, with a systematic decrease in the SF temperature range for higher diols.
Strikingly, it was possible to tune the surface layer between a bilayer and a monolayer by
varying the temperature and diol concentration. A sharp X-ray intensity jump indicates
a first-order transitions between these phases. These studies demonstrate that structural
control of surface-frozen layers by judiciously chosen additives may indeed be possible.
[1] X.Z. Wu et al., Phys. Rev. Lett. 70, 958(1993); B.M. Ocko et al., Phys. Rev. E 55,
3164(1997).
[2] X.Z. Wu et al., Europhys. Lett. 30, 283(1995).
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Levitating a Magnetic Top Above a Vertically Magnetized Ring.
S. Gov, H. Matzner and S. Shtrikman
Weizmann Institute of Science, 76100 Rehovot, Israel
The hovering magnetic top[l, 2, 3, 4] is a device that hovers stably about 2cm above
a vertically magnetized base. The dimensions of the base are about 10 x 10 x lcm 3 . The
resultant hovering height is in agreement with the calculation if the base is approximated
by a circular uniformly magnetized thin plate of radius R ~ 5cm. We found that the
hovering height is increased by a factor of ~ 3 if the above base is replaced by a vertically
magnetized ring of the same size, thus, making this configuration much more impressive.
Using the adiabatic approximation! 1, 3, 4] we calculated the tolerances on the hovering height h, the tilt angle of the base a and the mass of the top m for this novel configuration finding that h/R = 1.76 ± 3.7%, Am/m = ±1.5% and a = ±0.6°. Experimentally,
we found the hovering height to agree with our calculations while the tolerances were
considerably more stringent. We attribute this to the fact that in the above calculation the
translational kinetic energy of the top was neglected while, the levitating process endows
the top with a finite amount of kinetic energy. Taking this energy into account reduces the
tolerance on m. Calculation of this effect will be presented and hovering above a radially
magnetized ring base will also be considered.
[1]
[2]
[3]
[4]

C. Sackett et. all., Am. J. Phys. 61 (4), April 1993, pp. 304.
Ron Edge, The Physics Teacher, 33 (April 1995), pp. 252-253.
M. V. Berry, Proc. R. Soc. Lond. A (1996)452,1207-1220.
S. Gov et. all., 1996 Ann. Meet, of the IPS, 42, 121 & 122; Proc. 19th Conv. IEEE
Israel, 1996, pp. 184& 426.
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Phase Dependent Thermal Transport in Josephson Junctions
G.D. Guttman, B. Nathanson, E. Ben-Jacob and D.J. Bergman
School of Physics and Astronomy
Raymond and Beverly Sackler Faculty of Exact Sciences
Tel-Aviv University
Ramat-Aviv 69978, Tel-Aviv, ISRAEL
We have calculated the energy current through a Josephson junction and found it to
consist of three contributions: a quasi-particle current, an interference current, and a pair
current, similar to the total electrical current in a Josephson junction. The quasi-particle
part satisfies Onsager relations, and represents the normal dissipative heat current. The
other two parts depend on the phase drop across the junction 66 and are related to pair
tunneling. We show that the pair energy current, like the Josephson current, is nondissipative. It appears only when there is a voltage across the junction, and therefore
oscillates in time. The interference energy current appears when either a voltage or a
temperature drop is present. In the latter case, the interference current can flow in either
direction, depending on the sign of cos(69). Thus, this part of the energy current can
flow in the opposite direction to the temperature drop, causing a reduction in the dissipation as compared to what would occur without the interference current. Nevertheless,
the second law of thermodynamics is not violated with respect to the total current. This
effect is related to coupling of quasi-particles and pairs in the superconducting electrodes
comprising the junction.
[1] G. D. Guttman, B. Nathanson, E. Ben-Jacob and D. J. Bergman, Phys. Rev. B 55,
3849(1997).
[2] D. N. Langenberg, Review Phys. Appl. 9 , 3 5 (1974).
[3] V. Ambegaokar and A. Baratoff, Phys. Rev. Lett. 10,486 (1963).
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A New Method of Preparation of the 1223 HgBa2Ca2CujQv

Superconductor

A. Knizhnik, G.M. Reisner, Y. Direktovich, D. Goldschmidt, Y. Eckstein
Physics Department, Technion, Haifa 32000, Israel
The 1223Hg superconductor has the highest Tc yet observed (135K). It is prepared via
the following reactions:
HgO + 2CaO + 2BaO + 3CuO -* 1223 + CaHgO2 + additional impurities
HgO + uCa2Ba2Cu3O'^ - precursor —»the same products.
The impurity phases prevent the determination of y and the study Tc vs y. CaHgO2 (I)
impurity is always present because HgO reacts with CaO (free or contained in the precursor) before the 1223 formation [1]. In order to suppress the formation of (I) we studied
the possibilities of preparing 1223 without HgO and found that the HgBa%CuO\ superconductor reacts with CaO and CuO forming 1223:
HgBa2CuO4 + 2CaO + 2CuO -* 1223+ impurities
This reaction was carried out in a sealed vacuum ampoule at 840-900°C for 20-65 hours
using hand- or planetary ball-mill grinded initial compounds, pressed into bars. X-ray
diffraction spectra showed the absence of (I) in all cases and the decrease of the intensities
of other impurities lines when raising the temperature of preparation and using ball-mill
grinding. Preparation time did not change the impurities content.
[1] C.W. Chu, J. of Superconductivity, 7, 1 (1994).
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Absorption of Surface Acoustic-Waves by Quantum Dots:
Discrete Spectrum Limit
A. Knabchen, O. Entin-Wohlman, Y. Galperin, Y. Levinson
Department of Condensed Matter Physics
Weizmann Institute of Science, 76100 Rehovot, Israel
The absorption of surface acoustic-waves (SAW's) by an array of quantum dots [1] in
which the mean level spacing A is larger than the sound frequency w, the temperature T,
and the phase breaking rate r^"1 is considered [2]. These conditions are given in dots with
an electronic size in the nanometer range, e.g. L ~ 300 nm, for typical SAW frequencies
ui — 102 -=-103 MHz, and temperatures below 1 K.
The SAW attenuation coefficient T is determined by (i) direct transitions between
the energy levels involving absorption and emission of surface-acoustic phonons, and (ii)
relaxational (or Debye) processes associated with the periodic motion of the energy levels
under the influence of the SAW field. It is shown that the Debye absorption is dominant
in a wide range of parameters. The attenuation coefficient F exhibits weak localization
effects, i.e., it is sensitive to weak magnetic fields B and the spin-orbit scattering rate T#O.
This sensitivity is greatly enhanced as compared to a quasicontinuous spectrum (r^"x > A
or to > A) [3], because the sound absorption resolves level correlation effects appearing
on a very small energy scale e < A. Since the resonant direct processes and the Debye
absorption involve the energy scales u; and T, respectively, they are differently affected
by the magnetic field or spin-orbit scattering. For instance, time reversal symmetry is
effectively broken by applying a magnetic field B > /?*, where the threshold fields B*
are related to each other by B*diTKCtj B*Debye — Jv/T.
Direct and Debye processes involve different time scales of the electronic system,
namely the phase coherence time r^ and the energy relaxation time re, respectively. It is
argued that the non-invasive measurement of F represents a new tool for the investigation
of the temperature dependence of both T^ and re in isolated mesoscopic systems.
The screening of the electron-SAW coupling is determined by (virtual) processes with
energy transfers of the order of the Thouless energy. Consequently, it is neither sensitive
to weak magnetic fields or spin-orbit scattering nor depends on the discreteness of the
spectrum.
[1] G. R. Nash etal., Surf. Sci. 361/162, 668 (1996).
[2] A. Knabchen et al., submitted to Europhys. Lett. (1997).
[3] A. Knabchen, Y. Levinson, O. Entin-Wohlman, Phys. Rev. B in print, (1997).
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Differential Conductance Measurements of LSCO Single Crystals / Normal Metal
Contacts
A. Kohen1 , A. Revcolevschi2 and G. Deutscher1
1

School of Physics and Astronomy, Raymond and Beverly Sackler Faculty of Exact
Sciences, Tel Aviv University, 69978 Tel Aviv, Israel
2
Laboratoire de Chimie des Solides, Universite Paris-Sud, 91405 Orsay, France

Metal electrodes were deposited on the surface of a La2-xSrxCuO2 (a; = 0.12) single crystal with (1,1,0) orientation. Current-voltage characteristics were measured as a
function of temperature and dl/dV was calculated numerically. Both Andreev like and
tunneling like results were observed. Two features are common to the conductances measured in different contacts. The first a rise in the conductance at a voltage of 3± 1 [mV] and
the second a return to the normal state conductance at v-10±2[mV]. The large zero-bias
conductance peak predicted by Tanaka( 1) in the case of an order parameter with a d-wave
symmetry for measurements in the (1,1,0) direction was not observed.
This could be interpreted by assuming an anisotropic nodeless form of the order parameter in La2-xSrxCuO2 (x = 0.12).
[1] Y.Tanaka, in Coherence in High Temperature Superconductors, Ed. G.Deutscher
and A.Revcolevschi (World Scientific, Singapore 1996)
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On the Origin of Hole Formation in YBCO Films
R. Krupke, Z. Barkay and G. Deutscher
School of Physics and Astronomy, Tel Aviv University, 69978 Ramat Aviv, Israel
We observe a deteriorating quality of c-axis oriented YBaCuO films grown with rfmagnetron-sputtering in off-axis geometry with prolonged use of a target. Films grown
with a new target have Tc,ind - 90K, while films grown with a target used for more
than 100 hours have Tc,ind » 85K. This effect was also reported by other groups[l,2]
and seems to be typical for planar magnetron sputtering. We observe further a change
in the film morphology from a smooth film surface to a surface with holes. The hole
density and size increases with the time of use of a target. We show that films with holes
contain mainly an excess of Yttrium concentrated in holes as determined with EDAX.
Films with holes show additional XRD peaks which match those of polycrystalline Y2O3.
We therefore assume that the existence of Y2O3 itself is at the origin of hole formation. Its
observed tendency of wetting allows Y2O3 to cover film areas with a comparably small
amount of material. What creates a hole, is that YBCO prefers not to grow on Y2O3.
The reduced inductive transition downset in films with deep holes may be explained by
a cationic disorder[3] in parts of the YBCO-phase due to an incomplete phase separation
between the YlBa2Cu3-phase and Y2O3. It is under current investigation if the change
to an Yttrium rich film composition is caused by an Yttrium rich material flux due to
compositional changes of the target, or if it is caused by effects on the film surface, e.g.
preferential resputtering induced by geometric changes of the target surface.
[1]
[2]
[3]
[4]

J.R. Gavaler et.al. in J. Appl. Phys. Lett. 70 (1991) 8
E.J. Cukauskas et.al. in IEEE Trans.on Appl. Supercond. Vol. 3. No 1, March 1993
V. Matijasevic et.al. in J. Mater. Res. 6 (1991) 682
This work was submitted to Appl. Phys. Lett, on 15.01.97.
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The Power Dependence of the Auto-Oscillation Frequency due to Modulation
Instability in Perpendicularly Magnetized YIG Films
I. Laulicht and Ya. Kraftmakher
Department of Physics
Bar-Han University, Ramat-Gan 52900 Israel
Temiryazev observed a modulation instability of spin waves in a large sample(maximum
dimensions 3 cm) of Yttrium Iron Garnet [YIG] film [1]. This instability occurs in a narrow frequency interval near the lower boundary of the magnetostatic-wave manifold. Its
characteristic is an auto-oscillations in the reflection of the incident microwave radiation
that appears at a very low threshold power. In the present paper we report for the first time,
on the power dependence of the auto-oscillation frequency that accompany this instability
in YIG films. A small YIG film oriented perpendicularly to the dc field in the center of the
cavity of a standard EPR spectrometer, was pumped by the microwave (9.74GHz) source.
The power was finely adjusted by installing a high resolution attenuator in series with the
spectrometer's attenuator. Above a threshold power of 1.5 mW, an auto-oscillation of the
reflected power is observed in the MHz range.We find that the auto-oscillation frequency
decreases logarithmically with the pumping power. This result is unusual and inconsistent
with the S-theory of auto-oscillation [2]. Another interesting point of the present study is
the fact that the instability is observed in a small sample (maximum dimensions 2 mm).
The latter result implies that in contrast to ref.l, the instability is not related to retardation
effects. It should also be noticed that in the same range of dc fields and microwave power,
low power induced line narrowing of new FMR lines is observed [3].
[1] A.G. Temiryazev,Soviet Physics, JETP Lett. 50, 228 (1989)
[2] V.S. Lvov, Wave Turbulence Under Parametric Excitation (Application to Magnets),
Springer Verlag (1994).
[3] I.Laulicht, A.V.Pomyalov, and J.Barak, JMMM 162, 121(1996)
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Effective Optical Properties of Ordered Composite Materials, Beyond the
Quasi-Static Approximation
R. Levy-Nathansohn and DJ. Bergman
School of Physics and Astronomy
Raymond and Beverly Sackler Faculty of Exact Sciences
Tel Aviv University, Tel Aviv 69978, Israel.
We present a scheme for calculating the bulk effective optical properties (electrical
permittivity and magnetic permeability) of a nonhomogeneous material that is composed
of small metallic grains with strong skin effect. The macroscopic optical properties are
calculated in a similar way as in the quasi static case [1], however, due to the strong skin
effect the quasi static approximation is not valid on the microscopic scale. The electromagnetic resonances of a large collection of macroscopic bodies with uniform electrical
properties are used for expressing the local electromagnetic disturbances due to the inhomogeneity. The resonances and their weights are found by solving for the eigenvalues
and eigenstates of a linear integral operator T.
For a system of identical spherical inclusions, a method is developed for doing this
by diagonalizing a matrix that represents f by the set of individual grain eigenstates-the
diagonal elements are individual grain eigenvalues while the off-diagonal elements are
overlap integrals of eigenstates from two different grains [2]. An alternative approach is
used for a periodic system with inclusions of arbitrary shape. The periodicity is invoked
to expand the eigenfunctions as a Fourier series, f in then represented by a discrete,
infinite matrix, and the integral equation is replaced by an infinite set of linear algebraic
equations. The eigenstates are found by diagonalizing the matrix f. From these we can
then easily calculate the macroscopic optical properties, similarly to the quasi static case.
[1] D. J. Bergman and D. Stroud, Solid State Phys. 46,148 (1992); and refs. therein.
[2] D. J. Bergman, Phys. Rev. B 22, 3527, 1980.
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Studies of the Dynamics of Fluid Bubbles in 3He - 4 He Mixture Crystals
T. Markovitz, E. Polturak, and S.G. Lipson
Department of Physics
The Technion, Haifa 32000, Israel
We report recent visual observations of 3 He —4 He mixture crystals at temperatures
near IK in coexistence with the superfluid. The experiment was carried out in an optical
cryostat allowing to view the crystals both from above and from the side. In addition, the
experimental cell contains a heater and two thermometers which are used to establish a
known temperature gradient across the crystal. In crystals containing several % of 3 He
we observed that when a temperature gradient is switched on, macroscopic liquid bubbles
appear at its base, and proceed to move through the crystal towards its upper interface with
the fluid, where they annihilate. Typical velocity of the bubble is about 0.001 cm/sec. This
phenomenon resembles the boiling one sees in normal fluids, except that here the bubbles
move through a solid. One additional difference from normal boiling is that here the
bubbles move from the cold side of the crystal towards the hot side, opposite to what is
encountered in everyday life.
Our interpretation of this phenomenon invokes two fluid dynamics within the superfluid contained inside the bubble. A temperature gradient in the fluid drives the 3 He atoms
towards the cold end of the bubble, creating a difference of the melting pressure between
the front and the back of the bubble. Thus, the solid at the front of the bubble melts while
the solid in the back of the bubble grows. It is through this mechanism that the bubble
advances. We believe that this experiment is yet another demonstration of the unique
properties of solid Helium.
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Phase TVansitions in Defect Alumospinel
A. Men and J.Zak
Physics Department, Technion, Haifa 32000, Israel

The existence of a set of stable crystalline modifications (7,8,6,77, K, £, /3) for defect alumospinel is investigated. The structures of this modification and the models of phase
transformations between them is of interest.
A model is suggested for a phase transition from a defect alumospinel AlM/3Vt/3O32
(V-vacancy) with a cubic unit cell (Vo) into a defect alumospinel AI&4V&O96 with an orthorhombic unit cell (Vi). In this model the transition is connected with the modification
of the occupation probability of AI ions in the inequivalent position (j) of the space group
m3m (PAIj ;j-a,b,c,d,f - the type of inequivalent positions). Thus for "cubic" spinel the
probability (PAH can be less than 1 for certain j-positions (PAP < 1 - effect of smearing
or model of effective ions). For orthorhombic spinel, Al-ions occupy the fixed positions
(rii) in each of the type j (PAH (ni) = 1, meaning that the smearing effect or the model of
fixed ions disappears). The positions (n*) of unoccupied by AI are vacant (Pvi(nk) — 1)The choice of positions n^ in orthorhombic spinel is determined by energy stability. In
this work we investigate 3 cases of such transitions, which are characterized by choosing
the defect structure of cubic spinel. Taking into account that in the space group m3m Alions can occupy inequivalent positions 8a and 16d, these 3 cases differ from each other
by the occupation these positions:
l-^lie.aVSMlieOSa
2. AllAli0/3VR%Ol2
3. All_xVx°Alio/3+xV*3-xOl2

7-spinel
7-spinel
A-spinel

For each of these cases the analysis of chain space groups that take part in this transition is given.
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Quasiparticle Lifetime in a Two Dimensional Electron System in the Limit of Low
Temperature and Excitation Energy
D. Menashe and B. Laikhtman
Racah Institute of Physics, Hebrew University, Jerusalem 91904, Israel
In this work [1] we study theoretically the quasiparticle lifetime, due to Coulomb
scattering, in a two dimensional electron system.
It has long been established [2] that in the limit of low excitation energy and temperature, the inverse lifetime behaves as ^ ( p ) oc (A/ep) 2 In (CF/A) where
A = max(|e p - ej?|, kBT). This result has been obtained in the leading order of the
Coulomb interaction. We show that higher order terms in the interaction contribute higher
order logarithmic factors, meaning that a correct theory must sum up all orders of the interaction.
After performing this summation, using the Keldysh diagram technique, we find that
the renormalized lifetime still has the same general form as above. On the other hand
we find that only forward scattering contributes to the lifetime, whereas in leading order
theory, both forward and backward scattering make a contribution (a similar result has
already been obtained for the 2D Hubbard model [3]).
This leads to a different proportionality constant for the lifetime, which we compare
to the most recent leading order calculation [4].
Because we employ the Keldysh diagram technique, we are also able to give an expression for the collision operator, which can be used in the study of near equilibrium
processes.
[1] D. Menashe and B. Laikhtman, Phys. Rev. B 54,11561 (1996).
[2] G.F. Guiliani and J.J. Quin, Phys. Rev. B 26,4421 (1982).
[3] H. Fukuyama and Y. Hasegawa, Prog. Theor. Phys. Suppl. 101, 441 (1990); H.
Fukuyama, Y. Hasegawa and O. Narikiyo, J. Phys. Soc. Jpn. 60, 2013 (1991).
[4] L. Zheng and S. Das Sarma, Phys. Rev. B 53, 9964 (1996).
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Josephson Junctions With Alternating Critical Current Density
R.G. Mints
School of Physics and Astronomy, Raymond and Beverly Sackler Faculty of Exact
Sciences, Tel Aviv University, Tel Aviv 69978, Israel
A self-generated magnetic flux and critical current are considered theoretically for
Josephson junctions with an alternating critical current density. Experimentally a spontaneous flux has been observed in asymmetric 45° [001] tilt grain boundaries in YBa2Cu3O7_
films in zero applied field.[l] Also, these grain boundaries exhibit a novel dependence of
the critical current Ic on the applied magnetic field H, the observed patterns IC{H) are
manifestly non-Fraunhofer type.[2]
We use a model [1,2] based on the assumption of a dxi^ symmetry component of
the order parameter and on the observation of facets with alternating orientation forming
the grain-boundary. This model introduces a tunneling current density j(x) oc sm[<p(x) —
a(x)], where x is along the grain-boundary line, (p(x) is the phase difference caused
by the flux, and a(x) is the phase difference caused by the misalignment of anisotropic
a ^ ^ - w a v e superconductors. The value of a(x) is determined by the orientation of the
facets, for asymmetric 45° grain boundaries a(x) = 0 or TT. In this case one has j(x) oc
cos a(x) sin <p(x), which results in an alternating critical current density jc(x) oc cos a(x).
We assume that jc(x) alternates randomly along the tunnel contact on a length-scale
much less than the local Josephson penetration depth. The phase difference is then a
sum of an alternating term and a smooth term which self-consistently contribute to the
formation of a stationary state. We derive a criterion of spontaneous flux existence. Two
new types of Josephson vortices are found in the state with self-generated flux, one with
magnetic flux $j < $ 0 /2 and another one with magnetic flux $ 2 = $o — $ i > $o/2,
where $ 0 is the flux quantum.
The magnetic field dependence of the critical current IC(H) is considered for a short
Josephson junction with a critical current density jc alternating randomly along the tunnel
contact. Two model cases, periodic and randomly alternating j c , are treated in detail.
Recent experimental data on IC(H) for grain-boundary Josephson junctions in YBCO are
discussed.
[1] J. Mannhart, H. Hilgenkamp, B. Mayer, Ch. Gerber, J.R. Kirtley, K.A. Moler, and
M. Sidrist, Phys. Rev. Lett. 77. 2782 (1996).
[2] H. Hilgenkamp, J. Mannhart, and B. Mayer, Phys. Rev. B53, 14586 (1996).
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Retrieving the critical current spatial distribution in Josephson junctions
O. Nesher, E. N. Ribak
Department of Physics
Technion, Haifa 32000, Israel
It is possible to measure the critical current of a Josephson junction as a function
of the magnetic field, IC{B); using this measurement, one can deduce only a general
model for the critical current distribution in the junction, J c (i). We developed a new
method to retrieve or estimate Jc{x) itself. When the junction size is small relative to the
Josephson length, there is a Fourier relationship between the two critical currents IC{B)
and Jc(x). The new method is based on an iterative algorithm which uses the Fourier
transform and physical constrains to single out the proper solution(s). In the magnetic
field domain phases are attached to the measured amplitudes, IC{B). Thus the amplitudes
are the constraint, but the phases are allowed to take any value. The constraints in the
spatial domain are the junction size, and the critical current being both real and positive.
We simulated some typical critical current distributions and the algorithm converged
to a single solution. Uniqueness was lost when the noise level was more than 25% of the
signal. We applied the algorithm to measurements of the critical current of grain boundary
junctions of oxygen deficient YBCO thin film. Convergence was always to one of a very
few solutions of a rather similar nature. For example, the junction size (5 micron in this
case) was found, even without applying the corresponding size constraint. We found
oscillations whose period was a fraction of micron, superposed on top of a current density
distribution in the shape of a hump (higher central current). For larger junctions, where
the Fourier relationship is not accurate any more, many solutions were possible, but they
all had the same shape: a concave distribution (higher critical current at the edges) with
similar oscillations on top of it.
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A Study of the Irreversibility Lines in Bi[xl][x2]2Sr2Cal-xYxCu2O8+( Single
Crystals
I. Okashi-Djourno1, J. Jegoudez2, A. Revcolevschi2 and G. Deutscher1
1

School of Physics and Astronomy, Raymond and Beverly Sackler Faculty of Exact
Sciences, Tel Aviv University, 69978 Tel Aviv, Israel
2
Laboratoire de Chimie des Solides, Universite Paris-Sud, 91405 Orsay, France
Measurements of irreversibility lines have been made on Bi2Sr2Cal -xYxCu2O8+(
single crystals using the AC susceptibility method, for x up to 0.4. The out-of-phase
susceptibility curves were measured as a function of a superimposed DC magnetic field
applied parallel to the crystallographic c-axis. Low concentrations of the doping element
Yttrium do not change the position of the irreversibility line as related to the zero-dopingconcentration line. At higher concentrations, up to an optimum value, there is a shift of the
line toward the upper critical field transition Hc2(T). Our interpretation of these results is
that Yttrium doping in Bi2Sr2Cal -xYxCu2O8+( single crystals affects the dimensionality
of the flux line lattice. From measurements of the resistivity in the ab-plane and c-axis
directions for each single-crystal, we concluded that there is indeed a decrease of the
anisotropy as a function of increasing doping.
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de-Transport in Quantum Wires
Y. Oreg and A.M. Finkel'stein

Department of Condensed Matter Physics
Weizmann Institute of Science, Rehovot ISRAEL 76100
The influence of electron-electron interaction on two terminal DC conductance of
one-dimensional quantum wires is studied. A cancelation between the effect of the
electron-electron interaction on the current and on the external electric field is the reason for the universal value, e2/2Trh per mode, of the DC conductance of a clean wire.
In the presence of a backward scattering due to an impurity in the wire the effect of the
electric field renormalization depends not only on the electron-electron interaction, but
also on the interplay between the backscattering and the electron-electron interaction. We
have study that interplay and came up with an explantion for a recent experiment in which
the conductance of a quantum wire was measured [1]. The relation of the universal value
of the conductance in a quantum wire and the quantized value of the fractional Quantum
Hall conductance are clarified.
[1] S. Tarucha, T. Honda, and T. Saku, Sol. Stat. Com. 94,413 (1995).
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From the Chern-Simons Theory for the Fractional Quantum Hall Effect to the
Luttinger Model of its Edges
D. Orgad and S. Levit
Department of Condensed Matter Physics
Weizmann Institute of Science, Rehovot 76100, Israel
The bulk and edges of the fractional quantum Hall effect (FQHE) offer a wealth of
fascinating physical phenomena. The bulk of the FQHE sample was extensively studied
in the past using the bosonic Chern-Simons (CS) theory [1]. The edges of the sample,
where the low energy processes take place, have become by now a paradigm for studying
one dimensional systems using the Luttinger model [2]. We implemented the bosonic
CS theory to examine the edges. In doing so we obtained a microscopical description of
the gapless edge modes, indicated a new way for exciting them and revealed an intimate
relation between the two dimensional CS theory of the FQHE and the one dimensional
Luttinger model of its edges.
In the first part of the work we obtained the gapless edge density waves as the random
phase approximation modes of the CS theory [3]. Special emphasis was put on the role of
Coulomb interaction in producing drag between excitations on opposite edges in a Hall
bar. The dispersion relation of these excitations was found to be nonlinear and dependent
on the current that flows through the sample. This observation led us to suggest the
possibility of parametrically exciting the edge waves by the application of an alternating
current through the bar [4]. We found that such a process can be realized provided both
an interedge interaction and a constant current are present in the bar.
Using the results of the earlier parts of the research we obtained the chiral Luttinger
model for the edges of the FQHE as the low energy limit of the bosonic CS theory for
the two dimensional system [5]. In particular we recovered the Kac-Moody algebra for
the creation and annihilation operators of the edge density waves and the bosonization
formula for the electronic operator at the edge. These results provide a microscopical
justification for the applicability of the Luttinger model to the edges of the FQHE.
[1]
[2]
[3]
[4]
[5]

S. C. Zhang, Int. J. Mod. Phys. B 6, 25, (1992).
X. G. Wen, Int. J. Mod. Phys. B 6, 1711, (1992).
D. Orgad and S. Levit, Phys. Rev. B 53, 7964 (1996).
D. Orgad and S. Levit, Phys. Rev. Lett. 77,719 (1996).
D. Orgad, preprint cond-mat/9702137.
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Level Spectroscopy and Single Electron Charging Effects in Isolated C 60 Molecules
D. Porath, Y. Levi, M. Tarabia and O. Millo
Racah Institute, Hebrew University, Jerusalem 91904, Israel
The discrete molecular-level spectrum of isolated C6o molecules and its interplay
with single electron charging effects was studied using scanning tunneling microscopy
(STM)[1]. Isolated C 60 molecules were deposited onto a gold substrate, covered by a
thin insulating layer, and the tip of the STM served as a counter electrode in a double
barrier tunnel junction configuration. The tunneling current-voltage spectra exhibit rich
structures resulting from both charging effects and resonant tunneling through the discrete levels. In particular, we observe degeneracy lifting within the the molecular orbitals,
probably due to the Jahn-Teller effect and local electric fields. Theoretical fits account
well for our experimental data.
[1] Danny Porath and Oded Millo, To be Published in Jou. Appl. Phys 81(5), 1 March
1997.
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Dimensional cross-over, close packed configurations, symmetry breaking, and the
freezing transition, in density functional theory
Yaakov Rosenfeld
Department of Physics
Nuclear Research Center Negev. ROB. 9001. 84190 Beer Sheva, Israel
Configurations of densely packed hard spheres, in different effective dimensionalities
D, provide the ultimate test for any model Helmholtz free energy functional, F[p(r)],
for a inhomogeneous density distribution, p(r), and are of particular importance for addressing the phase diagram of hard-spheres in confined geometries. The exact functional
exhibits correct dimensional crossover, namely the description of bulk systems of reduced
dimension as strongly inhomogeneous density distributions in a larger dimension, e.g. the
functional for (D — 1) should come out from the functional for D when the density profile is a delta function along one of the coordinates. Solid-solid transitions for confined
hard-spheres are dictated by considerations of the close-packed density for each different
configuration, and the functional must include a mechanism for locating configurations
of close packing which feature a divergent equation of state. For correct description of
densely packed hard-spheres, when each particle can be viewed as confined in a fluctuating cage of its nearest neighbours, the free energy functional should provide reliable
results for the OD limit corresponding to a cavity that cannot hold more than one particle.
Correct OD limit is also required in order to predict the vacancy concentration in the solid.
The free energy functional should also contain a mechanism of symmetry breaking that
separates the solid-like and liquid-like solutions for the density profile equation.
The geometrically-based fundamental-measure-functionals (FMFs) [1] have many of
the basic physical properties expected from the exact (but unknown!) free-energy functional when applied to densely packed hard-spheres [2]. The FMFs give accurate results
for a large class of density profiles, p(r)[l], and have the mechanism to locate configurations of hard-sphere close packing, and for symmetry breaking [3]. They give accurate
results for the 3D fluid-solid transition (predicting the correct vacancy concentration of
the solid) and for the equation of state of both the fee and bec crystals all the way from
freezing to close packing, and become generally reliable in situations of extreme confinements [2]. The FMFs can be derived entirely from the exact free energy in the OD limit,
and can have correct crossover to both OD and ID [4]-[6]. FMFs for parallel hard cubes
were derived very recently [5] with completey correct dimensional crossover. Finally,
the FMFs predict a free volume cell-theory equation of state near any close packing [3],
which is exact for D = 1, and is in excellent agreement with the numerical simulations
(including near the random close packing) in D = 2,3.
[1] Y. Rosenfeld, Phys.Rev. Lett. 63, 980 (1989); J.Phys.Cond.Matter 8, 9289 (1996),
and refs. therein.
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[2] Y. Rosenfeld, M.Schmidt, H. Lowen and P. Tarazona, J. Phys.: Cond. Matter 8, L577
(1996); Phys.Rev.E., in print.
[3] Y. Rosenfeld, J.Phys.Cond.Matter 8, L795 (1996).
[4] A. Gonzalez, J.A. White and R.Evans. J.Phys.: Cond. Matter, in print.
[5] J.A. Cuesta, Phys.Rev.Letters 76, 3742 (1996); J.A. Cuesta and Y. Martinez-Raton.
preprint
[6] P Tarazona and Y. Rosenfeld. Phys.Rev.E. Rapid Communications, in print.
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STM Studies and Monte Carlo Simulations of Surface Dynamics
N. Shimoni, H. Mehl, O. Biham and O. Millo
Racah Institute of Physics
Hebrew University, Jerusalem 91904, Israel
The evolution of monolayer islands, voids and terraces on the surface of polycrystalline metallic films due to atomic self-diffusion and upon current stressing (electromigration) is studied using scanning tunneling microscopy and Monte Carlo (MC) Simulations. At room temperature with no current stressing, isolated islands and voids shrink,
while in regions having high step density the area of terraces remain nearly constant,
suggesting that surface dynamics is dominated by atom diffusion along the terraces. In
contrast, when current is driven through the film, we occasionally find enlargment of voids
and islands. In addition, we observe migration of steps leading to variations of terrace areas and, in some cases, to step bunching, indicating a significant contribution from atoms
hopping over steps. During current stressing, deformation of the grains is observed in
gold and copper films.
Step dynamics is studied using MC simulations. The simulations are based on diffusion barriers, calculated by the embedded atom method, for Cu(OOl) surface. The current
effect is simulated by applying directional bias to those barriers. The effect of bias orientation in relation to the steps is examined.
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XAFS Study of the Antiferroelectric Phase Transition in PbZrO,.
N. Sicron1, Y. Yacoby1, E.A. Stern2, F. Dogan3.
1

Physics Department, Hebrew University, Jerusalem Jsrael 91904.
Physics Department FM-15, University of Washington, Seattle WA 98195.
3
Department of Materials Science and Engineering. University ofWashington, Seattle
WA 98195.
2

Structural phase transitions in perovskite crystals were considered displacive in the
past. Various experimental evidence, especially from XAFS have shown more recently
that ferroelectric and antiferrodistortive transitions involve the ordering of local distortions[ 1,
2]. We have studied the local structure of the classic antiferroelectric (AFE) perovskite
PbZrO 3 , (Lead Zirconate - PZ) and its temperature dependence using XAFS analysis[3].
XAFS - x-ray absorption fine structure is the oscillatory component of the absorption
spectrum above the absorption edge. XAFS provides quantitative information about the
local structure around the absorbing atom - the probe atom - regardless of long range
order in the material. XAFS of Pb Xm-edge and Zr K-edgc in PZ were measured from
173K up to 824K, more than 300K above Tc. The local structure was determined by
fitting a parameterized theoretical XAFS to the experimental data[2]. The distortion parameters obtained at room temperature are consistent with previous diffraction results.
The Pb and Zr off-center displacements remain almost constant at all temperatures. The
oxygen displacements (octahedral rotation and AFE) decrease as temperature increases
but even at 824K these distortions are at least 50% of their 298 K values. Pb vibrations
about its off-center position are anisotropic. The repulsion between the nearest oxygens
and the Pb atom reduces Pb vibrations in the displacement direction while vibrations in
perpendicular directions are not suppressed. The a2 that measure relative vibrations in
the bonds can be fitted with an Einstein model with the exception of the Pb-0 bonds. The
cr2ls of these bonds saturate above Tc suggesting that the oxygen and Pb vibrations are
correlated in the paraelectric (PE) phase. The presence of structural distortions in the PE
phase of PZ indicates that, as in other perovskites, these distortions are not a result of soft
lattice vibrational modes and that the AFE phase transition involves the ordering of local
distortions.
[1] Y. Yacoby and E.A. Stern, Comments Cond. Mat. Phys. 18, 1 (1996); and refs.
therein.
[2] N. Sicron, B. Ravel, Y. Yacoby, E.A. Stern, F. Dogan, JJ. Rehr, Phys. Rev., B50,
13168(1994).
[3] N. Sicron, Y. Yacoby, E.A. Stern and F. Dogan, to be published in the proceedings
of the ninth international XAFS conference - Journal de Physique IV.
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Exact current-current Green functions in strongly correlated ID systems with
impurity.
Sergei Skorik
Department of Physics, Weizmann Institute for Science, Rehovot, Israel
We derive an exact expression for the Kubo conductunce in the Quantum Hall device with the point-like intra-edge backscattering (Wen, Phys. Rev. B44 (1991) 5708).
This involves the calculation of current-current correlator exactly for the "boundary sineGordon" model, which we perform using the form-factor method. In brief, the full set of
intermediate states is inserted in the correlator, and for each term the closed mathematical
expression is obtained. It is shown that by making a special choice of intermediate states
in accordance with the hidden symmetries of the model, one achieves fast convergence of
the series, thus proving the form-factor approach to be especially powerfull.
This work has been done in collaboration with H.Saleur and F.Lesage, Phys. Rev. Lett.

76(1996)3388.
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Theory of the Magneto-Optical Properties and Magneto-Induced Anisotropy in a
Composite with Periodic or Randomly Arranged Micro-Inclusions
Y.M. Strelniker and D.J. Bergman
School of Physics and Astronomy, Raymond and Beverly Sackler Faculty of Exact
Sciences
Tel Aviv University, Tel Aviv 69978, Israel
We developed new analytical and numerical methods to treat the low-frequency magnetooptical properties (including Faraday rotation, etc) in composite media with both disordered and periodic conducting micro-structures. Those methods allow us to study composites with inclusions of arbitrary shape (and arbitrary volume fraction) at arbitrarily
strong magnetic field. The problem of conducting ellipsoidal or cylindrical inclusion in
a homogeneous dielectric host has a closed form solution even in the ac case. This is
exploited in order to calculate an effective dielectric tensor for this system as a function
of applied magnetic field and ac frequency. The resonances, which appear at the surface plasmon and cyclotron frequencies, strongly depend on the applied magnetic field
as well as on the geometric shape of the inclusion. We have found that a new kind of
magneto-induced anisotropy of magneto-optical properties should appear, when a periodic array of inclusions is embedded in a dielectric host with a large ratio of the offdiagonal-to-diagonal dielectric tensor components. This kind of anisotropy is quite similar to magneto-resistance anisotropy, recently predicted [1] and already experimentally
verified [2]. Such anisotropy is a result of the complex interaction between the cigarshaped regions of the distorted displacement field, D, (similar to the current distortion,
described in Ref. [1]), produced by inclusions placed in a periodic array. Such a host
medium can be found among ferromagnetic or ferroelectric materials, or it can be prepared artificially as a random mixture of conducting inclusions inside the dielectric host.

[1] D. J. Bergman and Y. M. Strelniker, Phys. Rev. B 49, 16256 (1994).
[2] M. Tornow, D. Weiss, K. v. Klitzing, K. Eberl, D. J. Bergman, and Y. M. Strelniker,
Phys. Rev. Lett. 77, 147 (1996).
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Ordering Dependence of Pyroelectricity in Gsix\n1_xP
R. Weil, A. Chack, M. Levy, J. Salzman, and R. Beserman
Solid State Institute, Technion, Haifa, 32000, Israel
The pyroelectric coefficient of Gas-In^a-P thin films epitaxially grown on GaAs was
measured on samples with x close to 0.5 and order parameter, 77. varying between 0.02
and 0.34 . It was found that the pyroelectric coefficient varies as the square of the order
parameter in accordance with theory. This work also shows that the perfectly random
alloy, 77-O, is pyroelectric as well[l],
[1] ©1997 American Institute of Physics: a detailed version of this work has been
accepted for publication in the Journal of Applied Physics
[2] This research was supported in part by a grant from the Israel Science Foundation,
and by the Gilady Program
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Atomic Interactions at the Nano-Kelvin Scale and Their Role in Bose-Einstein
Condensation
Randall G. Hulet
Rice University, Houston, TX 77005.
Photoassociative spectroscopy of ultracold atoms has dramatically increased our knowledge of interatomic potentials. Molecular spectra can be recorded by scanning a laser frequency through the resonance between a pair of colliding atoms and a bound molecular
level. We have used this technique with laser-cooled trapped atoms to precisely determine the interaction potentials between ground-state lithium atoms. The s-wave scattering lengths can then be extracted from these potentials. For 7Li, a composite boson, we
have found that the scattering length is negative, corresponding to attractive interactions.
These interactions have a profound effect on the formation, stability, and dynamics of
Bose-Einstein condensates of 7 Li. For 6 Li, we have identified a threshold resonance, for
which the scattering length is enormous in magnitude and negative. I will discuss the
possibility of observing a BCS-like phase transition to a superfluid state. Finally, I will
describe how Photoassociative spectroscopy can determine an atomic radiative lifetime
with unprecedented precision. This measurement is also sensitive to radiative retardation
in the long-range portion of the interaction (Casimir-Polder effect).
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Short Optical Pulse Propagation and Pulse Breakup in Resonant Media
M. Rosenbluh and M. Matusovsky
Bar-Han University, Physics Department, Ramat Gan , Israel
The propagation of a very short optical pulses through a highly absorbing medium is
examined. Our experiments, which were performed with both femtosecond and picosecond pulses, propagating through a resonant atomic medium, interact with both the dispersive and the absorptive parts of the complex index of refraction. The pulse, whose transform limited optical spectrum is broad, interacts nonlinearly with the absorbing medium,
and propagates in violation of Beer's Law. For small area, (known as Opi pulses), 60 fs
pulses, we observe pulse reshaping and breakup, as the pulse propagates through a high
density atomic Cs vapor. The breakup of the pulses is measured for both resonant excitation of the Cs atoms and for laser detunings such that the atomic resonance frequency is
in the wings of the pulse spectrum. The theory of Opi pulse propagation, in the extreme
sharp-line limit, is extended to include both resonant and off resonant excitation. Good
agreement is demonstrated between the observations and the theoretical predictions.
By going to longer pulses, the pulse areas can be significantly increased and pulse
areas of pi and up to several pi can be attained, while still maintaining pulse spectral
widths which are much broader than the absorption linewidth. We observe the propagation
and reshaping of such large area pulses, with 6 psec pulse duration, through high density
atomic K and Rb vapors. Depending on pulse and atomic vapor parameters both pulse
breakup and undistorted, soliton-like pulse propagation are observed. The theoretical
description of large area pulse propagation is extended to include the sharp-line limit and it
is applied to a multi-level system possessing unequal transition dipole moments. We again
demonstrate good agreement between the observations and the theoretical predictions.
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COIN - Coherence Observation by Interference Noise
Yehiam Prior
Department of Chemical Physics
Weizmann Institute of Science
Rehovot, Israel 76100
We present a novel approach - Coherence Observation by Interference Noise (COIN)
- for the measurement of coherence [1]. The method is based on analysis of the quantum
interference fluctuations (noise) in the incoherent emission from a medium, following the
excitation by a pair of time delayed pulses with random relative phase. When an atom
(molecule) is excited from its ground state by a short pulse of light, a certain quantum
amplitude of the excited states is created. If a delayed second pulse is applied, the total
population of the excited states is determined by the interference of two quantum amplitudes. In contrast to phase locking successive pulses, COIN spectroscopy is based on the
introduction of a random relative phase between the pair of excitation pulses, and analysis of the resulting fluorescence intensity noise variance. The integrated fluorescence is
sampled for each event, where an event is the excitation by a pair of time delayed pulses
with a fixed relative phase. At zero delay, there may be full interference, constructive or
destructive depending on the phase, and the variance of the fluorescence intensity is large.
For long delay times between the pulses, dephasing processes in the medium will destroy
the interference, and the fluorescence will have no intensity fluctuations. For intermediate delays, the fluorescence intensity variance will depend upon the delay, providing
information on the internal dynamics and coherent dephasing processes. To illustrate the
new method, COIN was used to measure the coherent dynamics of the 4P-4S doublet of
atomic potassium.
The ability to avoid interferometric system requirements in these measurements suggests COIN as a broadly applicable method. Examples will be discussed, as well as
various other potential applications.
[ 1 ] O. Kinrot, I.Sh.Averbukh and Y.Prior, Measuring Coherence while Observing Noise,
Phys.Rev.Lett. 75, 3822 (1995).
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Optical Guiding of High Intensity Laser Pulse in a Plasma Density Channel
Y. Ehrlich1, A. Zigler1, P. Sprangle2 and R. Hubbard2
1

Racah Institute of Physics
Hebrew University, 91904, Jerusalem, Israel
2
Beam Physics Branch, Plasma Physics Division
Naval Research Laboratory, Washington, D.C. 20375
Experimental study of optical guiding of a high intensity (above 1016W/cm2) laser
pulses in long cylindrical plasma channels formed by a slow capillary discharge is presented. We present for the first time intense laser pulse guiding over a distance of up
to 68mm. Optical guiding of high intensity pulse in a lcm long curved trajectory (with
radius of curvature equals 4.2cm) is demonstrated. It is shown experimentally, that the
guiding is a linear process and therefore insensitive to the laser intensity in wide range of
intensities.
The guiding approach in our work relies on a preformed plasma density channel, in
which off axis reduction of refractive index is due to the high electron density. This
density profile is achived in a capillary electrical discharge in which the electrical current
density, and therefore the plasma temperature, is maximal on axis thus the plasma density
has a minimum there. Plasma channel parameters can be controled via the electrical
parameters of the discharge and by the timing of laser pulse injection. Laser pulse energy
and capillary channel light pulse transmittance were measured directly using a power
meter. The transmitted laser pulse (at sevral distances out of the capillary exit) was imaged
onto a CCD camera using a multifocal imaging system.
The propagation of a high intensity laser pulse in a density channel is analyzed using
2-D numerical simulation code.
[1] P. Sprangle et al., Phys. Fluids B 4,2241(1992).
[2] H. M. Milchberg et al, Phys. Plasma 3, 2149(1996).
[3] Y. Ehrlich et al., Phys. Rev. Lett. 77,4186 (1996).

75

IL9706247
Lasers and Quantum Optics

Oral only

Progress of the Solar Pumped Lasers Program
Mordechai Lando
Rotem Industries, P.O.B. 9046, Beer-Sheva 84190, Israel
Solar pumped lasers are candidates for wireless power transmission in space[l], free
space optical communication and photochemistry[2]. The present paper describes the
progress of a joint project to develop solar pumped lasers, focusing on temporal and spectral shaping of the laser beam, which comply with those applications. The project is part
of ConSolar Consortium for Concentrated Solar Energy, and is conducted by three parties: Rotem Industries, Weizmann Institute^] and Ben-Gurion University. The program
emphasizes design, fabrication and testing of laser rods, passive and active Q-switches
and non-linear crystals. Research is carried on in four projects, the first being a study for
possible applications, to determine the required solar pumped laser specifications. In the
second project, the solar tower facilities at Weizmann Institute are used for laser components development[4]. The third project includes the construction of an innovative 7.5
kW solar concentrator at TEMED industrial Park facility, to be used for intensive study
of laser components. The fourth project is dedicated to the development of a master
oscillator-power amplifier (MOPA) chain, in which a diode-pumped laser serves as an
oscillator, while the amplifier is solar pumped[5].
[1] M. Duchet, L. Cabaret, A. Laurens, J. C de Miscault, Space Power, 11, 241-250,
1992.
[2] R. B. Hall, Laser Focus, September 1982,57-62.
[3] G. A. Thompson, V. Krupkin, A. Yogev, M. Oron, Optical Engineering 31, 26442646, 1992.
[4] I. Pe'er, N. Naftali, D. Abramovic ,A. Yogev, M. Lando, Y. Shimony," Q-switching
of high power solar-pumped Nd:YAG laser", presented at GCL/HPL held in Edinburgh, August 1996. To appear as Proc. of SPEE.
[5] M. Lando, J. Kagan, Y. Shimony, Y. Kalisky, Y. Noter, A. Yogev, S. Rotman, S.
Rosenwaks, "Solar pumped solid state laser program", presented in the 10-th Meeting on Optical Engineering in Israel, held in Jerusalem, March 1997. To appear as
Proc. ofSPIE.
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First Lasing of the Israeli Electrostatic Accelerator FEL
Y. Pinhasi1, A. Arensburg1, A. Abramovich1, D. Chairman1, M. Draznin1, A.L.
Eichenbaum1, A. Gover1, H. Kleinman1,1. Merhasin1, J.S. Sokolowski1,1.M. Yakover1,
A. Rosenberg2, J. Shiloh2,1. Schnitzer2, L.A. Levine 3 ,0. Shahal3, M. Cohen3
1

Tel-Aviv University, 69978 Ramat-Aviv, Israel
2
RAFAEL, Haifa, Israel
3
Nuclear Research Center, Beer Sheva, Israel

Electrostatic Accelerator Free-Electron Lasers (EA-FELs) are sources of electromagnetic radiation characterized by the capability for high average power generation, high
energy conversion efficiency and high spectral purity [1]. The unique features of EAFELs make them a natural candidate for a variety of industrial and energetic applications
requiring high average power radiation at millimeter to infrared wavelengths. Such applications include material processing, plasma heating and radiative energy transmission
[2].
The FEL developed by the Israeli consortium comprised of Tel-Aviv University, RAFAEL
and N.R.C. is one of the few FELs in the world which employ electrostatic accelerators.
It is based on 1 to 6 MeV EN-Tandem van de Graff accelerator at the Weizmann institute,
which was converted into a high electron beam current accelerator and modified as to
contain a magnetostatic wiggler, a mm-wave resonator, electron-optic focusing elements
and diagnostics [3].
First lasing of our EA-FEL was demonstrated recently employing 1 AMeV, 0.5A electron beam pulses of 5^5" duration. Radiation at frequency 100.5GHz was obtained with
a peak power level of about \KW. Future development of the FEL will include electron
beam recirculation using a depressed collector, stabilization of the high voltage terminal
and extension of the pulse length in order to demonstrate quasi-CW, high power FEL
operation.
[1] A. Gover, A. Friedman and A. Drobot, Laser Focus World 95, (October 95).
[2] Y. Pinhasi, I. Yakover, A.L. Eichenbaum and A. Gover, IEEE Trans, on Plasma
Science 24,1050 (1996).
[3] A. Arensburg et al., Nuci. Inst, and Meth. A375, ABS 1 (1996).
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Energy Pooling Cross-Section in Rubidium
P. Shuker* and A. Gallagher
JILA, University of Colorado Boulder, Colorado 80309-0440
The energy pooling process in Rubidium atomic beam is experimentally investigated.
The cross section of the quasi - resonant process
Rb(5p3P3/3) + Rb(5p3P3/2) + 68cm-1 - > Rb(5d) + Rb[5s2S1/2)
was measured in rubidium vapor cell. The estimated value for the rate coefficient is
(1.5)10~9cm3/s [1,2]. Those measurements do not include detailed information about
the dependence of the cross-section on the relative velocity between the colliding atoms,
on the detailed hyperfine energy level structure and even on the different isotopes of rubidium. Since there is a very strong dependence of the cross-section kep on the interatomic
potentials and states of the diatomic collision complex, a more detailed information about
Jbep can give a better understanding of atom- atom energy transfer collisions. In this experiment the Rb atoms were excited to the 5p 2 P 3 / 2 level by a single mode, 1MHz bandwidth
tunable diode laser. The rate coefficient is deduced from the concentration of the atoms
in the 5p2P3/2 and 5d levels , using the equilibrium equation: [5d] = r A ^ S ^ / a ] 2 , where
T is the radiative life-time of the 5d level.
The 5p 2 P 3 / 2 concentration was measured from the spatial distribution of the fluorescence, by imaging the fluorescence on a high resolution CCD camera. In this way we were
able to calculate [5p2P3/2]2, without knowing the laser spatial profile. The concentration
of the atoms in the 5d level was measured from fluorescence spectrum. By scanning the
pump laser across the Doppler broadened line-shape, we were able to excite specific velocity group of atoms at each laser frequency, and thus to measure kep for various atomic
groups at definite velocity. We found differences in the relative magnitude of the energy pooling cross-section between the two hyperfine splitting and the two isotopes of
Rb. The velocity dependence of the energy pooling cross-section was calculated from the
additional contribution to the 5d population due to collisions between two excited atoms
groups, at relative velocity vr. We found a quadratic dependence of k^ on the relative
velocity.
[1] C. Gabbanini et. al., Phys. Rev. A 39,6148 (1989)
[2] L. Barbier and M. Cheret, J. Phys. B 16, 3213 (1983)

'Permanent address: NRCN, P.O.Box 9001, Beer-Sheva, Israel

78

|

IL9706250

I

Lasers and Quantum Optics

Invited

Dynamics of Short-Pulse Propagation in Dispersive Media
Y. B. Band
Departments of Chemistry and Physics, Ben-Gurion University of the Negev
Recently [1] a formulation to propagate light pulses in a homogeneous dispersive
non-isotropic media was developed and experimentally verified [2]. Here we generalize
the treatment of Refs. [1 ] by formulating a method for propagating optical pulses and cw
beams valid to all orders in the expansion parameters of the theory [3]. The method can be
applied to exactly propagate extremely short pulses and extremely focused pulses and cw
beams. Consequently, it can be used to calculate effects of near field diffraction exactly, in
vacuum, isotropic and non-isotropic dispersive media. E.g., it can be used to propagate the
fields in near-field scanning optical microscopy. The method can also be used to propagate
intense short pulses in isotropic or non-isotropic dispersive media. We show that in the
normal dispersion regime, there are two separate thresholds for pulse splitting. The lower
threshold is for temporal (transverse spatial) pulse splitting that cyclically recurs, and
the higher threshold for spatial pulse (temporal pulse) splitting which does not recur,
if the diffraction length is smaller (larger) than the dispersion length. Above the lower
threshold, short pulses carry out a series of (a) splitting into two pulselets separated in
time (transverse space dimension), and (b) recombination into a central peak; this dance
of splitting and recombining recurs over at least several cycles. In the Fourier (frequency
and wavevector) domain, an annular ring forms around the central peak, then the ring
splits via intensity reduction of the large wavevector (frequency) components. Above the
higher threshold, a new mechanism for pulse splitting corresponding to splitting of pulses
in time and transverse space dimension occurs, with multiple pulse breakup transpiring
as the pulses continue to propagate.
[1] Y. B. Band and M. Trippenbach, Phys. Rev. Lett. 76, 1457 (1996) M. Trippenbach
and Y. B. Band, J. Opt. Soc. Am. B13,1403-1411 (1996).
[2] C. Radzewicz, J. S. Krasinski, M. J. la Grone, M. Trippenbach and Y. B. Band, J.
Opt. Soc. Am. B14, 420 (1997).
[3] M. Trippenbach, T. C. Scott and Y. B. Band, Optics. Lett, (in press); T. C. Scott, M.
Trippenbach, Y.B.Band, MapleTech (in press).
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Quantum Wavepacket Technology
l.Sh. Averbukh
Department of Chemical Physics
Weizmann Institute of Science
Rehovot 76100, ISRAEL
We introduce and demonstrate the Wavepacket Isotope Separation (WIS) method for
laser enrichment and separation of isotopic mixtures [1, 2]. To our knowledge, this is the
first application of quantum wavepackets to a practically important technological problem.
In the WIS-scheme, short laser pulses are used to create spatially localized vibrational
wavepackets in molecular isotopes, or electronic Rydberg wavepackets in atoms. The
slight isotope shifts of the energy levels reveal themselves in the course of a lorig-time free
oscillation of the excited wavepackets, leading to their spatial separation on the atomic
scale. After the internal separation is achieved, one of the isotopic components may be
preferentially ionized (or dissociated) by a second laser pulse, and extracted by a number
of known methods. To overcome the quantum-mechanical spreading of wavepackets,
we make use of the revival phenomenon [3], In fact, what WIS method realizes, is a
"mechanical separation machine" operating at the level of a single molecule (atom).
The first demonstration-of-principle experiment on separation of r9Br2/81Br2 isotopic mixture has shown a significant control over the isotope ratio (~ 250%) by varying
the delay between pulses in the prescribed time domains [2].
We discuss also the advanced aspects of the wavepacket technology, such as interference enhancement of the selectivity of the WIS-method, usage of squeezed wavepackets
for improved enrichment, and also related problems of quantum wavepacket shaping and
detection.
[1] I.Sh. Averbukh, patent pending
[2] I.Sh Averbukh, M.J.J. Vrakking. D.M. Villeneuve, and A. Stolow, Phys. Rev. Lett.
77,3518(1996)
[3] I.Sh. Averbukh and N.F.Perelman, Phys. Lett. A. 139, 449 (1989)
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Lowering of Threshold for Nonlinear Effects in Microspheres
D. Braunstein, G.A. Koganov and R. Shuker
Physics Department. Ben - Gurion University of the Negev, Beer - Sheva 84105, Israel.
Dielectric microsphere possesses, natural modes of light oscillation at characteristic
frequencies corresponding to specific size to wavelength ratios. These structure resonances, sometimes, called v Morphology Dependent Resonances', are known to cause extremely large field intensities within the spherical cavity, very narrow modes, high density
of EM modes and hence have extremely large theoretical quality factors Q « 1O20. These
characteristics impart very low threshold conditions for nonlinear processes. Transparent
microspheres acts as high - Q resonators with the feedback provided by the whispering
light waves. This extremely low threshold can be attributed to interacting waves simultaneously resonant with high - Q droplet modes and to the presence of significant QED
enhancement of nonlinear gain. This extremely low threshold can be attributed to interacting waves simultaneously resonant with high - Q droplet modes and to the presence of
significant QED enhancement of nonlinear gain.
Threshold intensity evaluation for the stimulated Raman scattering process, in the
most interesting cases of very high mode quality, has shown a dramatic reduction (ten
orders of magnitude), with respect to the same process in a conventional linear cavity.
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Reduction of Quantum Noise in High-Accuracy Optical Interferometers
C. Brif and A. Mann
Department of Physics, Technion, Haifa 32000, Israel
We study the problem of quantum noise reduction in optical interferometers by using
input light fields prepared in nonclassical photon states. We consider the SU(2) interferometers employing passive optical devices such as beam splitters, and SU(1,1) interferometers employing active optical devices such as four-wave mixers [1]. We show [2, 3]
that the quantum noise in the interferometers can be significantly reduced by using the
SU(2) and SU(1,1) intelligent states which minimize uncertainty relations for generators
of the corresponding groups. Exact closed expressions for the minimum detectable phase
shift are obtained in terms of the Jacobi polynomials. These expressions are compared
with results for some conventional input states, and some known results for the usual
squeezed input states are reexamined. It is shown that the phase sensitivity for an interferometer that employs squeezing-producing active devices (such as four-wave mixers)
should be analyzed in two regimes: (i) fixed input state and variable interferometer, and
(ii) fixed interferometer and variable input state. The behaviour of the phase sensitivity is
essentially different in these two regimes. The use of the SU(2) intelligent states allows
us to achieve a phase sensitivity of order 1/JV (where N is the total number of photons
passing through the phase shifters of the interferometer) without adding four-wave mixers. This avoids the duality in the behaviour of the phase sensitivity that occurs for the
usual squeezed input. On the other hand, the SU(1,1) intelligent states have the property
of achieving the phase sensitivity of order 1 IN in both regimes.
[1 ] B. Yurke, S. L. McCall, and J. R. Klauder, Phys. Rev. A 33, 4033 (1986).
[2] C. Brif and A. Mann, Phys. Lett. A 219.257 (1996).
[3] C. Brif and A. Mann, Phys. Rev. A 54, 4505 (1996).
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Laser Written Diffraction Gratings in Quantum Dot Glasses and Thin Films
Yu. Kaganovskii and M. Rosenbluh
Department of Physics. Bar-Han University, Ramat-Gan 52900
We demonstrate a new direct method of recording of interference patterns which are
stable under high light intensities. The patterns are written in glass plates or thin glass
films containing quantum dots by the interference of two intersecting pulsed laser beams
A pulsed dye laser at \ =584 nm, with a 7 ns pulse, and pulse intensities of 2-5 MW/cm2
produced gratings with a period I depending on the angle, a, between the two beams
according to / =
\/2sin(a/2).
Glass plates containing copper nanocrystals in a glass matrix were prepared by doping
of subsurface layer of a soda-lime glass with bivalent copper ions from eutectic mixture
of CuSO4 and Na2SO4 melts, reduction of copper by annealing in a hydrogen atmosphere
and thermal treatment for growth of copper clusters. The quantum dot films were obtained by the simultaneous vacuum condensation of SiO and Cu on a glass substrate from
two separate sources. The Cu concentration was varied from 1 to 10 at%, and the overall
film thickness varied from 20 to 300 nm (the thinnest films were prepared for TEM examination of the Cu distribution). The average size of the Cu particles in the films, after
condensation, was about 10 nm.
SEM, TEM and AFM investigations show that the gratings form as a result of three
processes: local growth of Cu particle size in the high light intensity regions, local glass
crystallization and (that is valid for thin glass films), a local build-up of the film on the
substrate along lines of high light intensity. The average growth rate of the Cu particle
radius, is very dependent on the initial size distribution, it varies from 10~9 to 10~7cm per
laser pulse, so that the average radius grows by a factor of 2 - 200 after 103 pulses.
The mechanisms of grating formation are discussed. The analysis of temperature distribution around absorbing particles inside transparent matrix shows that particle's temperature can reach 2000oC and for small particles it is proportional to R2 whereas for
big particles is proportional to R Fast growth of quantum dot particles in subsurface
layers is connected with the coagulation of melted particles which are surrounded by a
liquid glass layer. Strong attractive interaction between particles caused by electrostatic
and elastic forces results in fast particle motion during the laser pulse. Local stress distribution around the particles near the surface are analyzed. It is shown that asymmetry of
elastic stress near the surface leads to particle motion towards the surface. The resulting
stress distribution explains the local peeling of the films from the substrate.
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Laser-Focused Atomic Lithography
L. Khaykovich and N. Davidson
Department of Physics of Complex Systems
Weizmann Institute of Science. Rehovot 76100. Israel
Light forces by near resonant laser radiation are used to construct "atomic lenses"
that can focus atomic beams and be applied to direct atomic deposition. Such atomic
lenses may have a "diffraction limited" resolution equal to the de-Broglie wavelength
of the atoms, which is typically less then a nanometer [1],[2]. In order to achieve such
resolutions fairly large "aberrations" should be suppressed. These aberrations result partly
from the beam transverse and longitudinal velocity spreads, and partly from the atom-light
interaction (deviation of the light induced potential from the desired parabolic shape and
also diffusion due to spontaneous emission).
We show how the velocity spreads of thermal atomic beams (initially few hundreds
m/sec) can be reduced by using laser cooling techniques [3], and how the light induced
potential may be optimized. We suggest a new and bright atomic beam source for atomic
lithography, based on ejection of ultra-cold atoms from a magneto optics trap [4]. Finally,
we calculate the expected deposition speed and resolution of practical atomic lenses.
[1]
[2]
[3]
[4]

J. J. McClelland et al.. Science 262, 877(1993).
G. Timp et al., Phys. Rev. Lett. 69. 1636(1992).
S.Chu, Science 253, 861(1991).
E. L. Raab et. al., Phys. Rev Lett. 59, 2631(1987).
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Quantum Zeno Effect on Atomic Excitation Decay in Structured Reservoirs
A. G. Kofman and G. Kurizki
Chemical Phvsics Department
Weizmann Institute of Science, Rehovot 76100, Israel
The "watchdog" or quantum Zeno effect (QZE) is a spectacular manifestation of the
influence of continuous measurements on the evolution of a quantum system. The original QZE prediction has been the inhibition of exponential decay of an excited state into
a reservoir, by repeated interruption of the system-reservoir coupling by measurements
[1]. The essential requirement for the QZE is that the measurements of the system state,
which cause the interruption, be more closely spaced in time than the reservoir correlation
(memory) time. Atomic excited-state decay by spontaneous emission into the electromagnetic field vacuum in open space cannot fulfill this requirement, as the relevant correlation
time is then < 10~15 s.
We consider spontaneous decay of a two-level atom coupled to vacuum field reservoirs
with arbitrary mode-density spectra (21. At time T this evolution is interrupted by a
short optical pulse, which serves as a quantum measuring device [3, 4]. Its role is to
break the evolution coherence, by transferring the populations of the excited state !e) to
an auxiliary state which then decays back to le'i incoherently. We demonstrate that the
quantum Zeno effect on excitation decay of the atom (and. correspondingly, inhibition of
spontaneous emission) is observable in open cavities, waveguides, and 3D photonic band
structures, using a sequence of evolution-interrupting pulses on a nsec scale [5]. Our
analysis has revealed the common character of QZE in both strong-coupling (reversible)
and weak-coupling (irreversible) evolution regimes. This analysis also clarifies that QZE
cannot combat the background-modes contribution to exponential decay, and is therefore
inadequate for decoherence error prevention [6] in open resonators.
[ 1 ] B. Misra and E. C. G. Sudarshan. J. Math.Phys. 18, 756 (1977).
[2] A. G. Kofman, G. Kurizki. and B. Sherman, J. Mod. Opt. 41, 353 (1994).
[3] R. Cook. Phys. Scr. T21. 49 (! 988).
[4] W. M. Itano et al, Phys. Rev. A 41. 2295 (1990).
[51 A. G. Kofman and G. Kurizki. Phys. Rev. A 54, R3750 (1996).
[6] L. Vaidman, L. Goldenberg, and S. Wiesner. Phys. Rev. A 54. R1745 (1996):
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Monte Carlo Simulations of Multilevel Lasers
G. A. Koganov and R. Shuker
Physics Department, Ben - Gurion University of the Negev, Beer - Sheva 84105, Israel.
We present a numerical approach to the quantum theory of laser, which allows one
to determine all the quantum fluctuation properties, such as the distribution function of
photon numbers, laser radiation line width, etc., without solving the master equation. Our
approach is based upon the modern concept of object - oriented programming. It allows
one to formulate a whole problem in terms of such fundamental processes as interaction
of a single atomic dipole with a mode of electromagnetic field, without involving any
macroscopic expressions like nonlinear susceptibility, rate equations, etc. We formulate
a physical problem of laser light fluctuations in terms of object-oriented C++ classes .
These formal C++ classes are associated with physical objects like a single atom, lasing
mode, pumping, etc. Then all the objects are "living" in the computer memory in full
accordance with the rules of quantum mechanics. For instance, the atom is excited or
decays according to the appropriate probabilities of stimulated emission/absorption and
of spontaneous emission. Both atomic and field decay, as well as the pumping mechanism
are implemented through the appropriate random processes.
The described approach has been employed to simulate the operation of a conventional
single mode laser as well as multilevel laser. Even at first glance the results obtained reveal
a diverse picture of regimes. The intensity of fluctuations ranges from the narrow field
fluctuations together with broad atomic fluctuations up to a reversal of these two values.
It has also been found that some interesting collective features of the atomic system can
be observed easily even for comparatively small statistics. Another interesting feature
of the simulation is that it allows one to follow the gradual transition from one extreme
situation, namely one with slow atoms, to another, with a slow field.
Simulations of multilevel schemes of lasing demonstrate a well known phenomenon
of noise reduction via pump noise suppression.
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Results From the CERES Experiment:
Probing Hot and Dense Nuclear Matter
Itzhak Tserruya
Department of Particle Physics
Weizmann Institute of Science. Rehovot

The main goal of ultra-relativistic heavy ion physics is the study of hadronic matter
under extreme conditions of density and temperature and in particular to search for evidence of the phase transition(s) leading to Quark Gluon Plasma formation -where quarks
and gluons are free to move over a large volume compared to the typical size of hadronsand to Chiral Symmetry Restoration where masses drop to zero.
CERES is the only experiment dedicated to the measurement of electron-positron
pairs emitted in these collisions at the CERN SPS. For that, CERES has developed a novel
spectrometer whose essential components are two RICH (Ring Imaging CHerenkov) detectors, with a superconducting short solenoid between them and two silicon radial-drift
chambers. The spectrometer is optimized to measure the low-mass region (m < 1.5
GeV/c2). It covers the mid-rapidity region (y = 2.0 - 2.65) with 2-rr azimuthal symmetry
and with a very broad p t range.
CERES has observed a significant excess of low-mass (m - 0.2 - 1.5 GeV/c2) electronpositron pairs in S-Au collisions at 200 GeV/nucleon over the expected yield from the
known sources in pp collisions, scaled to the ion case with the event multiplicity. Theoretical calculations show that a large fraction of the excess originates from the two-pion
annihilation channel •7r+tr~ —• 7* —» e+e~, This would then be the first observation of the
thermal radiation emitted by the high density hadronic matter formed in these collisions.
However, in order to fully account for the excess, the models invoke not only the thermal
radiation but also a strong decrease of the vector meson masses, and in particular of the p
meson mass, as a precursor of chiral symmetry restoration.
Preliminary results obtained by the CERES experiment in Pb+Au collisions at 160
GeV/u show also an enhanced production of low-mass electron pairs, very similar to the
one observed in S+Au collisions.
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The 4He(7r+, w~) Reaction as Evidence for a Dibaryon?
E. Friedman *
Racah Institute of Physics
Hebrew University. Jerusalem 91904, Israel
A nucleon-decoupled. I(J*) — even(0~~) dibaryon (d1) at 2065 MeV has been postulated recently [1, 2, 3] in order to explain a resonance like structure observed in pionic
double charge exchange (DCX) excitation functions on nuclei around 50 MeV. A non
dibaryon explanation for the experimental results on l 4 C has been suggested in terms of
distorted waves and coupled channels effects [4]. We have studied experimentally at TRIUMF the pionic DCX reaction on 4He between 70 and 130 MeV using the high acceptance
orbit spectrometer CHAOS. For this target there are no bound excited states in the initial
system and the final state is that of four unbound protons, thus making any bound-state
mechanism most unlikely. The total cross section as a function of energy shows a sharp
step-like rise near 80 MeV which cannot be accounted for by a conventional mechanism.
The momentum distributions of the outgoing pions agree with conventional models at 70
and 130 MeV but in between those energies it is shifted both is position and in magnitude,
suggesting contributions by non-conventional mechanisms. A d' resonance is capable of
describing quantitatively the experimental results.
f I ] R. Bilger et al., Z.Phys. A343. 491 (1992).
[2] R. Bilger, H.A. Clement and M.G. Schepkin, Phys. Rev. Lett. 71, 42 (1993).
[3] H. Clement. M. Schepkin, G.J. Wagner and O. Zaboronsky. Phys. Lett. B 337, 43
(1994).
[4] M.A. Kagarlis and M.B. Johnson, Phys. Rev. Lett. 73, 38 (1994).

'for the E725 collaboration at TRIUMF
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The Search for the Pentaquark
S. MayTal-Beck •

School of Physics and Astronomy, Tel Aviv University, Tel-Aviv, Israel
The pentaquark is described as a doublet of states: P° = \csuud) and P~ = \caddu)
for which the color hyperfine interaction between their constituent quarks results in a
maximal binding potential of 150 MeV [1,2]. Calculations based on the Skyrme [3] and
Instanton [4] models predict that the Pentaquark is either bound or a slightly unbound
resonance. The mass of a bound Pentaquark would be below the D,-proton threshold and
its lifetime similar to that of weakly decaying charmed particles. Crude estimates of the
Pentaquark production cross section predict values of the order of 1 % of that of the D, [5].
We present results of the first search for the Pentaquark using data from Fermilab
E791. In this experiment 500 GeV/c negative pions interacted with a segmented nuclear
target and the decay products of the particles produced in the interaction were detected in
the TPL Spectrometer [6]. 2 x 1010 events were recorded and over 200,000 charmed particles were fully reconstructed. The Pentaquark was searched for by detecting its decay
products from the P° —> ftp expected decay mode. Upper-limit results are presented for
the ratio of cross section times branching ratio of P° -» <fnrp and D, -> <jnr decays. The
results are 0.03 and 0.06, at 90% CL, for M(P°)-2.75 and 2.86 GeV respectively, assuming a Pentaquark lifetime of 0.4 psec. The dependence of the results on this assumption
will be discussed.
[1]
[2]
[3]
[4]
[5]

H.J. Lipkin Phys. Lett. B195, 484 (1987).
C. Gignoux et al, Phys. Lett. B193, 323 (1987).
D.O. Riska and N.N. Scoccola, Phys. Lett. B299,338 (1993).
S. Takeuchi, S. Nussinov, K. Kubodera, Phys. Lett. B318,1 (1993).
M. A. Moinester, D. Ashery, L. G. Landsberg, H. J. Lipkin, Z. Phys. A356, 207
(1996).
[6] E.M. Aitala et al., Phys. Rev. Lett. 76,364 (1996), with references therein.

'Representing the Fermilab E791 Collaboration. Supported in part by the Israel Academy of Science
and Humanities and by the US-Israel Binational Science Foundation
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Transverse Momentum of D Mesons - a Thermometer of the Quark - Hadron
Transition
A. Uziel*
School of Physics and Astronomy
Raymond and Beverly Sackler Faculty of Exact Sciences
Tel Aviv University. 69978 Tel Aviv, Israel
We study the effects of the transition from a quark-gluon plasma to a hadron gas phase
on the transverse momentum of charmed quarks.
It is widely believed that a quark-gluon plasma can be created in ultrarelativistic
heavy-ion collisions. We consider a high-energy nuclear collision which leads to creation
in the central rapidity region of both a charmed quark pair and a quark-gluon plasma. We
adopt Bjorken's scaling hydrodynamics ansatz [1] to describe the plasma. We model the
phase transition with a cascade simulation [2]. in which plasma droplets are converted
into hadrons by emitting pions, shrinking in size and eventually disappearing. When inside the droplets, the charmed quark experiences drag and diffusion forces. When outside
the plasma, the quark travels as a D meson and experiences collisions with pions. Additional energy transfer takes place when the quark enters or leaves a droplet (the conversion
of c quark to D meson or back).
The simulation shows that the transverse momentum of the final-state D mesons, p^\
varies but weakly with the initial transverse momentum of the parent c quark, pc±0, and
accordingly drag and thermalization are important effects. Further, p^ lies generally close
to a thermal value which is consistent with the phase transition temperature, and has the
appropriate width of distribution. We explain this by noting that the quarks are trapped
in a droplet tor a time which is comparable with the drag and diffusion time-constants.
Moreover, the effects of hydrodynamic transverse flaw are moderate. We thus conclude
[3] that the transverse momentum of D mesons provides a rough thermometer of the phase
transition.
fl] J. D. Bjorken, Phys. Rev. D 2? (1983) 140.
[2] G. Bertsch, M. Gong. L. McLerran, V. Ruuskanen, and E. Sarkkinen, Phys. Rev. D
37(1988) 1202
[3] B. Svetitsky and A. Uziel. Tel Aviv preprint TAUP-2342-96, hep-ph/9606284. to
appear in Phys. Rev. D (March. 1997K

'Current address: Weizmann Institute of Science. Rehovot 76100, Israel
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Nuclear Matter Incompressibility Coefficient
Shalom Shlomo

Cyclotron Institute, Texas A&M University, College Station, Texas 77843, USA
The nuclear matter (N=Z and no Coulomb interaction) equation of state (EOS), E =
E{p). is a basic physical quantity which is very important for the study of properties
of nuclei, supernova collapse, neutron stars and heavy ion collisions. Our knowledge
of the EOS is very limited. The saturation (minimum) point at zero temperature (E, p)
= (-16 MeV, 0.17 fm3) is known with good accuracy. To extend our knowledge of the
EOS, an accurate determination of the nuclear matter incompressibility coefficient, Knm,
is needed, since it is directly related to the curvature of the nuclear matter EOS at the
saturation point (E, p) = (-16 MeV, 0.17 fm3).
We review the experimental and theoretical methods used to determine the value of
Knm- We examine, in particular, the most sensitive method which is based on experimental data on the strength function distribution of the isoscalar giant monopole and dipole
resonances in nuclei. We review the present status of the entire data set, accumulated from
measurements carried out in several laboratories, and the theoretical methods used to determine KnTn' which are based on microscopic self-consistent Hartree-Fock with random
phase approximation and semi-empirical approaches, and provide some conclusions.
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Calculations for w° Production in pp Collissions
E. Gedalin. A. Moalem, L. Razdolskaya

Department of Physics, Ben Gurion University, 84105 Beer Sheva, Israel
Modelsfl] based on a single nucleon and pion scattering mechanisms underestimate
S-wave pion production cross section by a factor of 3-5. Recently, it was suggested that
heavy meson exchages may enhance the predicted cross section considerably[2,3]. Based
on one boson exchange (OBE) model it was demonstrated that a t-pole a meson-exchange
dominates the cross section and bring prediction to an agreement with data[4]. This result disagrees with %PT calculations[5] which account for tree-diagrams only. We show
that one-loop diagrams contribute significantly to the cross section and when included resolve the discrepancies with experiment and with the prediction of OBE model. A meson
production in NN collisions necessarily involves large momentum transfer and therefore
loop diagrams which describe short range interactions may play important role. Furthermore, the Lagrangian constants are determined from 7rN scattering data with one-loop
diagrams and for the sake of consistency xPT calculation of the pp —» ppn° cross section
must include these as well. We have calculated the cross section for the pp —* ppr° close
to threshold, taking into account all tree and loop diagrams up to chiral order D-2. The
specific four nudeon-pion short range interaction term of the xPT Lagrangian is estimated assuming p and ui vector exchange mechanism. The amplitude for the pp —> ppir0
reaction receives two contributions. The first corresponds to one pion-exchange mechanism involving a nucleon pole and isoscalar-scalar two pion-exchange, and the short
range low energy T N scattering. The second contribution includes isoscalar-scalar two
pion-exchanges with short range 7r°p —* 7r°7r°p production on the second nucleon, but
can not be expressed in terms of one pion-exchanges. The contributions from these two
pion exchanges correspond to contributions from the effective a meson exchange in the
OBE model. The calculated cross section corrected for final state interactions agrees very
well with data.
[1]
[2]
[3]
[4]
[5]

D. D. Koltun and A. Reitan, Phys. Rev. 141 (1966) 1413.
T. S. H. Lee and D. Riska, Phys. Rev. Lett. 70 (1993) 2237.
C. J. Horowitz et al., Phys. Rev. C49 (1994) 1337.
E. Gedalin, A. Moalem and L. Razdolskaja, nucl-th/9611005
B. Y. Park et al. Phys. Rev. C53 (1996) 1519; T. D. Cohen et al., ibid p. 2661.
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Magnetic Moments of Excited States of Fission Products
A. Wolf
Department of Physics
Nuclear Research Center Negev, 84190 Beer Sheva, Israel
In the process of fission a large number of neutron-rich nuclei are produced, most of
which can not be reached by any other reaction. These nuclei exhibit a variety of structure
properties: some are spherical, many are deformed, and a relatively large number of them
have intermediate properties characteristic for the onset of deformation. With the advent
of fission product separators operating on-line with nuclear reactors, quite ntense beams
of fission products have become available and a considerable effort has been made to
study both experimentally and theoretically the properties of these nuclei. In particular,
the investigation of magnetic moments of excited states in nuclei produced by fission has
provided valuable insight into the structure of the respective nuclei.
In this contribution, the results of magnetic moments measurements of fission products will be reviewed. The experiments were performed at the fission product separators
JOSEF and TRISTAN, and magnetic moments of excited states in various isotopes of Sr,
Zr. Mo, Xe, Ba, and Ce have been measured. The experimental methods will be described,
along with the systematics obtained for spherical, deformed, and transitional nuclei. The
significance of the results will be discussed in the framework of different models: the
shell model, the geometric collective model, and the interactive boson model. The main
conclusions of these studies are related to the understanding of the detailed structure of
excited states in spherical nuclei, the onset of deformation and shape coexistence in the
A-100 region, and the onset of deformation and the existence of the subshell closure at
Z-64 in the A-150 region.
A systematic analysis of the magnetic moments of 2f states in even-even fission products together with experimental values of magnetic moments obtained by other methods,
and combined with data on the respective B(E2) transition probabilities, will be presented.
It will be shown that this analysis provides Information on the effective number of valence
nucleons in transitional nuclei, the F-spin purity of low-lying nuclear states, and the proton, neutron boson deformations.
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Coulomb Explosion Imaging - Experimental Representation of Intramolecular
Correlations
J. Levin. H. Feldman, A. Baer. D. Ben-Hamu, D. Zajfman and Z. Vager
Department of Particle Physics
Weizmann Institute of Science, Rehovot 76100, Israel
The Coulomb explosion imaging (CEI) is a relatively new technique that enables the
measurement of molecular structure by sampling the fully correlated many-body nuclear
density. Compared to the spectroscopic methods of deducing molecular geometries this
method is direct, model independent and applies to both rigid and floppy molecules. The
principal process is the electron stripping of an accelerated molecule that passes through
a very thin foil. After a very short stripping time (10~16aec), the molecule dissociates
into ionic fragments which move in a repulsive Coulomb-force field. These fragments
are detected separately on a 3D imaging detector and their relative position and time of
arrival are recorded separately one molecule at a time. In principle, since the nature of
the interaction between the fragments during the Coulomb explosion is known, one can
reconstruct the positions of the nuclei before the stripping. By collecting data from a
well defined ensemble of molecules, the full correlated quantum density function of the
nuclear coordinates is revealed.
The CEI technique has been successfully applied to different molecules and molecular
ions prepared in their ground state. Here, for the first time we present a CEI measurement
of a highly excited molecule at a well defined energy. Such excited molecules play an
important role in chemical reactions, photochemistry, combustion, plasma physics etc.
However, they are difficult to study spectroscopically due to the high density of states and
the lack of a complete theoretical model. In this recent measurement, the phase space density of the excited acetylene molecule is probed and compared to the conventional phase
space arguments within a potential energy surface. The implications to our understanding
of molecules are given.
[1] 1 Z. Vager, R. Naaman, and E. P. Kanter, Science 244, 426 (1989).
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Discovery of Isomeric States in the Second Well of the Potential and the Existence
of Long Lived Superheavy Elements
A. Marinov1, S. Gelberg1 and D. Kolb2
x

Racah Institute of Physics, Hebrew University, Jerusalem 91904, Israel
2
Department of Physics, Kassel University, 34109 Kassel, Germany

Very long lived isomeric states with lifetimes of several months and of unknown character were first found in 236Am and 236Bk nuclei [1] produced via secondary reactions
in CERN W targets which were irradiated with 24 GeV protons [2]. Recently [3,4] 5
orders of magnitude enhanced a-particles and long lived proton activities were observed
in the study of the 16O + 197Au reaction at 80 MeV. Since the a-particles were found
in coincidence with 7-rays of a superdeformed band, the data were interpreted in terms
of production of high spin (I> 18) long lived isomeric states in the second well of the
potential-energy surfaces. Further evidence was obtained in the study of the 28Si + 181Ta
reaction [5] at 125 MeV. Coincidences between 8 - 9 MeV a-particles and various 7-rays,
and time correlations between different a-particles were found. The time correlated aparticles fit the predictions made [6] for transitions from shape isomeric states to shape
isomeric states and to the ground states of the daughter nuclei. The half-lives of some
isomeric states and their ratios to the half-lives of their corresponding ground states are as
follows (Isotope; t1/2(i.s.); t1/2(i.s.)/t1/2(g.s.)): (236Bk; >30d; ~2.6xlO 6 ), (236Am; 220d;
~3.1xl0 5 ), (210Fr; 90m; 2.8xl0 x ), (206Fr; >30d; >1.7xlO5).
The existence of the isomeric states in the second well of the potential-energy surfaces
enables one to understand the discovery [2,7] of the long-lived superheavy element with
Z - 112 both from the points of view of the long lifetime and of the large fusion cross section, since only small extra-push energy is needed [5] in order to produce the compound
nucleus in its superdeformed shape.
[1]
[2]
[3]
[4]
[5]

A. Marinov, S. Eshhar and D. Kolb, Phys. Lett. B191, 36 (1987).
A. Marinov et al., Nature 229, 464 (1971).
A. Marinov, S. Gelberg and D. Kolb, Mod. Phys. Lett. A l l , 861 (1996).
A. Marinov, S. Gelberg and D. Kolb, Mod. Phys. Lett. A l l 946 (1996).
A. Marinov, S. Gelberg and D. Kolb, invited talk, Workshop on Physics of Unstable
Nuclear Beams, Sao Paulo, Brazil, 1996.
[6] W. Satulaet al., Nucl. Phys. A529, 289 (1991).
[7] A. Marinov et al, Phys. Rev. Lett. 52, 2209 (1984); 53, 1120(E) (1984).
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Magnetic Moments of High-Spin Levels in " 3 1 "Hg.
L. Weissman
Weizmann Institute of Science, Rehovot 76100 Israel
Weizmann-Rutgers-ANL-LBL collaboration

Nuclear structure at very high spin is one of the main topics of modern nuclearstructure physics. Numerous phenomena such as superdeformation, hyperdeformation,
Ml-dipole bands and identical superdeformed bands [Ref 1 and refs. therein], were discovered and investigated and a large body of spectroscopic information was obtained
during the last decade. However, very scant information is available about the magnetic
moments of high spin levels. The only possible way of measuring g-factors of such shortlived states is the application of the transient field technique [2]. Here we report the first
measurement of the magnetic moments of the first superdeformed band in 1M Hg and the
average magnetic moments of high spin states in various normal-deformation bands of
i94,i93Hg conducted at the Berkeley 88' cyclotron with the GAMMASHERE array[3].
The present measurement has become possible only with the recent advent of large Gedetector arrays, like GAMMASPHERE at Berkeley, USA and EUROBALL at Legrano,
Italy. The general description and physics of such large arrays will be introduced. The
g-factors results and their significance wiil be discussed.
[1] P.J. Nolan and P.J. Twin, Annu. Rev. Nucl. Part. Sci.,38,533 (1988)
[2] N. Benczer-Koller, M. Hass and J. Sak, Ann. Rev. Nucl. Part. Sci. 30,53 (1980).
[3] P.J. Nolan, F.A. Beck, D.B. Fossan, Ann. Rev. Nuc. Part. Sci. 45,561 (1994).
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Measurements of the Proton and Deuteron Spin Structure Functions
Jechiel Lichtenstadt
School of Physics and Astronomy
The Raymond and Beverly Sackler Faculty of Exact Sciences
Tel Aviv University. 69978 Tel Aviv. ISRAEL
The spin spin structure functions g\ and gf were measured by inclusive deep inelastic
scattering of polarized muons off polarized protons and deuterons. The first moments
of the measured structure functions, Fi = $ gi(x)dx provide experimental tests of the
Bjorken sum rule and the Ellis-Jaffe sum rules. Results obtained by the Spin Muon Collaboration (SMC) at CERN will be presented. They are in good agreement with the
theoretical prediction of the Bjorken sum rule, but disagree with the predictions of the
Ellis-Jaffe sum rules by more than 2 standard deviations. The singlet axial charge o0 of
the nucleon was deduced from the experimental first moments. In the naive quark parton
model it is equal to the contribution of the quark spins to the nucleon spin. A combined
analysis of all available spin structure function data gives o0 = A S = 0.29 ± 0.06.
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B Physics at LEP
Yoram Rozen
Department of Physics
Technion, Haifa 32000, Israel

The LEP machine, an e + e~ accelerator running from 89 to 95 in its first phase at energies close to the Z° mass, produced SB 2 Million B hadrons in each of four experiments
through the process e+e~ -» Z° -> 66. This non-coherent production differs significantly from T(45) machines where pairs of B mesons are produced at rest. At LEP the
B hadron is produced with an average momentum of 32 GeV/c, hence a secondary vertex
at the decay point of the B hadron can be reconstructed. This enables a variety of time
dependent measurements not accessible at T(45) machines. Neutral B mesons oscillate
between their particle - antiparticle states and a measurement of this oscillation frequency
is possible if the decay time of the B meson can be seen. Measurements of the life time
of the different B hadrons will be presented as well as time dependent B mixing. Results
from the four LEP experiments (ALEPH, DELPHI, L3 and OPAL) will be given.
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The Standard Model and beyond at HERA
S. Dagan
School of Physics and Astronomy
Tel-Aviv University, 69978 Tel-Aviv. Israel

The HERA electron-proton collider was built primerily for investigating the deepinelastic scattering at much higher Q2 and shorter distances, than the previous experiments. With data accumulated until 1994. both eperiments HI and ZEUS, showed
that the experimental results are in excellent agreement with the standard model for
Q2 < 104GeV2. However at the end of 1996 sufficient evidence was obtained pointing to a higher, than expected, cross-section in the neutral current channel, for higher Q2.
Detailed analyses of both groups found, that the excess of events is in the high x (the
fraction of proton momentum, carried out by the struck parton) and y (ratio of the energy
transfer to the incident lepton energy in the proton rest system) regions. The two experiments have different detectors and use independent software. The methods of analysis
also differ in order to accomodate the differences in the detector designs. Despite that,
the obtained effects are similar, which enhances the probability that the observed excess
is due to a deviation from the standard model, rather than an accidental fluctuation. Based
on 5 events, the ZEUS collaboration (1] claims 0.7% probability of consistency with the
standard model, while the Hi collaboration [2] claims less than 0.1% on the basis of 7
events. It is expected, that by the end of 1997 the integrated luminosity of HERA will be
doubled and if the effect will remain, we will hopefully be able to have better understanding of the physics involved.
[1] J.Breitweg et al., ZEUS collaboration. "Comparison of ZEUS Data with Standard
Model Predictions for e+p -> e^ X Scattering at high x and Q2 ". DESY 97-25,
submitted for publication in Z.f.Physik.
[2] C.Adloff et al., HI collaboration. "Observation of Events at very High Q2 in ep
Collisions at HERA", DESY 97-24. submitted for publication in Z.f.Physik.
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The Israeli Participation to the Atlas Project
Daniel Lellouch

Dept of Particle Physics, Weizmann Institute of Science
The Large Hadron Collider (LHC). the most powerful accelerator ever built, will start
its operation by year 2005. The searches at this p — p superconductive machine of 2 x
HGev center of mass energy will first focus on the origin of mass at the electroweak
scale, allowing discovery of Higgs bosons at the highest possible mass range. Other
important goals will be the searches for heavy W and Z-like objects, for supersymmetric
particles, for compositeness of the fundamental fermions, as well as the investigation of
the CP violation in B decays and detailed studies of the top quark.
The ATLAS Collaboration, comprising 2000 physicists, has proposed to build a general purpose detector which is designed to exploit the full potential discovery of the LHC,
and the Israeli institutions involved in experimental High Energy Physics have decided to
join their efforts to the construction, operation and exploitation of the ATLAS detector.
The major experimental signatures which will be used for these studies will include
electron, muon, gamma, jet and missing transverse energy measurements, as well as b
quark tagging. Many of the physics questions at the LHC require high luminosity, and so
the primary goal is to operate at luminosities as high as 10 34 cm~ 2 s~ 1 , thus posing a fierce
technical challenge to experimentalists. In particular, building and operating a system for
triggering the readout of potentially interesting events, while reducing the data rate by
huge factors, is far from being an easy task.
We will describe the Israeli contribution to this project, namely the forward muon
triggering system, showing how the novel technology of Thin Gap Chambers, first used
for the OPAL experiment at LEP, provides an answer to this experimental challenge.
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Two Times
Itzhak Bars

TH Division, CERN. CH-1211 Geneva 23. Switzerland
andDept. of Physics. USC Los Angeles, CA 90089, USA
General considerations on the unification of A-type and B-type supersymmetnes in
the context of interacting p-branes strongly suggest that the signature of spacetime includes two timelike dimensions. This leads to the puzzle of how ordinary physics with a
single timelike dimension emerges. We suggest that the two timelike dimensions could be
real, and belong to two physical sectors of a single theory each containing its own timelike dimension. In a simple model of two interacting particles, propagating in a spacetime
with signature (n,2), we show how to construct an action with sufficient gauge symmetries
that lead to covariant constraints so that effectively there is a single time evolution parameter. This simple model has been generalized to interacting p-branes. but this will not be
discussed in this lecture. The basic mechanism seems to solve longstanding issues regarding theories with two timelike dimensions and connects to other recent ideas on dualities
in string and p-brane theories. In combination with related ideas on charged black holes
and new supersymmetries one is led to a eosmological scenario in which, after the Big
Bang, the extra timelike dimension becomes part of the compactified universe residing
inside microscopic matter. The internal space, whose geometry is expected to determine
the flavor quantum numbers of low energy matter, thus acquires a Minkowski signature.
The structure of the supersymmetry gives rise to a new Kaluza-Klein type mechanism for
determining the quantum numbers of low energy families, thus suggesting that the extra
timelike dimension would be taken into account in understanding the Standard Model of
particle physics.
In this lecture these ideas will be outlined for the non-specialist, by mainly concentrating on the particle aspects and the cosmological scenario.
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Strings, Branes and Gauge Theories
David Kutasov

Department of Particle Physics, Weizmann Institute
In the last year, string theory, and in particular certain topoiogical defects inherent
to it (known as p-branes). have been found to provide a remarkably efficient tool for
describing strong coupling phenomena in low energy physics, such as duality properties
of supersymmetric gauge theories. I will briefly discuss this success and its implications
for string theory and gauge theory
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Graceful Exit and Energy Conditions in String Cosmology
Richard Madden
Department of Physics
Ben Gurion University, 84105 Beer Sheva, Israel
The standard cosmological model has well known fine tuning problems and a singular origin, the big bang. These problems can be tamed by an early period of accelerated
expansion called inflation. Duality symmetries of string cosmology equations, suggest
a mechanism [1] for inflationary evolution. It is based on the fact that cosmological solutions to string dilaton-gravity come in duality-related branches [2]. The (+) branch,
even in the absence of other sources, has inflationary solutions driven by dilaton kinetic
energy and originating from a state of small curvature and coupling. The (—) branch
can be connected smoothly to a radiation dominated universe with constant dilaton. If
there is a mechanism (the "graceful exit") to join these two branches into a single evolution (so called "pre-big-bang" scenario), the result will be a singularity free inflationary
cosmology.
A concrete realization of this graceful exit phase has been lacking. Unsuccessful attempts have been made to induce it by adding such things as dilaton potentials and string
matter to the vacuum. In this work we investigate the nature of a graceful exit in terms
of effective sources, so we do not obtain concrete solutions. But we are able to analyze
classes of solutions and effective sources. We find that a true completed graceful exit
requires the sources to violate the Null Energy Condition (NEC p + p > 0), one of the
weaker energy conditions in the premises of the singularity theorems of general relativity.
This generalizes previous work in excluding many sources, However, we note that violation of NEC seems to be generic in quantum phenomena such as Hawking radiation of
black holes.
[1] M. Gasperini and G. Veneziano, Astropart. Phys. 1 (1993) 317.
[2] R. Brustein and G. Veneziano, Phys. Lett. B 329 (1994) 429.
[3] R. Brustein and R. Madden, hep-th/9702043.
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Color Coherent Phenomena and New Hard Processes Calculable in QCD
L.Frankfurt
Department of Physics
Tel Aviv University, 69978 Ramat Aviv, Israel
Factorization theorem for the amplitudes of higher twist hard two body processes is
proved in QCD [1]. The formulae for the new variety of hard processes would be presented. The quantitative analysis of asymmetric parton distributions would be given. New
options for the measuring of light- cone wave functions of hadrons and parton distributions in a nucleon are discussed. New reactions to measure spin structure functions of
hadrons will be considered. Deduced formulae will be used to quantify color coherent
phenomena (color transparency-color opacity phenomena) in the high energy processes.
Experimental evidences for the color transparency phenomenon obtained at HERA will
be discussed. Theoretical boundaries for the applicability of GLAPD equations in small
x processes and possibility to search for it at LHC and at HERA would be explained.
[1] John C. Collins, Leonid Frankfurt, Mark Strikman Factorization for hard exclusive
electroproduction of mesons in QCD. hep-ph/9611433
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Schwinger Algebra for Quaternion Quantum Mechanics and Quantum Field
Theory
L.P. Horwitz
School of Physics, Beverly and Raymond Sackler Faculty of Exact Sciences and
Department of Physics, Bar llan University
It is shown that the measurment algebra of Schwinger, a characterization of the properties of Pauli measurements of the first and second kinds, forming the foundation of his
formulation of quantum mechanics over the complex field, has a quaternionic generalization. In this quaternionic measurement algebra some of the notions of quaternionic
quantum mechanics [1] are clarified. The conditions imposed on the form of the corresponding quantum field theory are studied. It is shown that the resulting quantum fields
coincide with the fermion or boson annihilation-creation operators obtained by Horwitz
and Razon[2] in the limit in which the number of particles in physical states N —> oo.
[ 1 ] S.L. Adler, Quaternionic Quantum Mechanics and Quantum Fields, Oxford University Press, New York and Oxford (1995), and references therein.
[2] A. Razon and L.P. Horwitz. Acta Applicandae Mathematicae 24. 141 (1991); 24,
179(1991).
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Gravitational Theory Without the Cosmological Constant Problem
E.I.Guendeiman and A.B.Kaganovich
Physics Department. Ben Gurion University of the Negev, Beer Sheva
The vacuum energy density or cosmological constant is predicted by modern particle
theory to be very large [1]. Such parameter controls the large scale structure of the universe, which is consistent with a zero cosmological constant. We offer a new approach
for the solution of the cosmological constant problem developing a new gravitational theory [2],[3],[4] where the measure of integration in the action principle is not necessarily
v^—5 but it is determined dynamically through additional degrees of freedom. This theory
is based on the demand that such measure respect the principle of "non gravitating vacuum energy" which states that the Lagrangian density L can be changed to L + constant
without affecting the dynamics. Formulating the theory using the metric and the affine
connection, as well as the fields which define the measure of integrations independent
dynamical variables we get as a consequence of the variational principle a constraint that
enforces the vanishing of the cosmological constant. The most successful model that
implements these ideas is realized in a six or higher dimensional space-time. The compactification of extra dimensions into a sphere gives the possibility of generating scalar
masses and potentials, gauge fields and fermionic masses. It turns out that remaining four
dimensional space-time must have effective zero cosmological constant.
fl] S.Weinberg, Rev.Mod.Phys. 61, 1 (1989).
[2] E.I. Guendelman and A.B. Kaganovich, Phys. Rev. D53, 7020 (1996). See also
E.I. Guendelman and A.B. Kaganovich. m:Proceedings of the third Alexander Friedmann International Seminar on Gravitation and Cosmology, edited by
Yu.N.Gnedin. A.A. Grib, V.M. Mostepanenko (Friedman Laboratory Publishing, St
Petersburg. 1995).
[3] E.I. Guendelman and A.B. Kaganovich, "Gravitational Theory without the Cosmological Constant Problem", gr-qc/9611046, Phys. Rev.D, 1997, to appear.
[4] E.I. Guendelman and A.B. Kaganovich. "Gravitational Theory without the Cosmological Constant Problem, Symmetries of Space-Filling Branes and Higher Dimensions'", gr-qc/9702058.
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Quantum Dynamics on Non-Compact Group Manifolds
N. Krausz and M. S. Marinov
Physics Dept., Technion, Haifa 32000
Free quantal motion on group manifolds is considered. The Hamiltonian H is given
by the Laplace - Beltrami operator on the group manifold, and the (Feynman's) evolution
kernel K is obtained explicitly. For compact groups, where the spectrum of H is positive
definite, the semi-classical approximation gives the exact result, as expressed by means
of the spectral expansion in terms of the representation charactersfl, 2]. The spectral
expansion does not exist for non-compact group, where the spectrum is not bounded.
In this work real analytical groups[3] are investigated, which are of interest for physics
(e.g.[4,5]). An integral representation for K is obtained by using the Green function, that
is the solution to the Helmholz equation on the group manifold. The alternative series
expressions for the evolution operator - the spectral expansion (when exists) and the sum
over classical paths - are reconstructed from the same integral representation. For noncompact groups, the result is found to be exact, like in the compact case, and can be
interpreted as a sum over classical paths. The explicit forms of K are obtained for noncompact partners of SU(N) and SO(N). Dynamics on non-compact group manifolds
was studied in a number of previous works[6], in the path-integral context in particular[7],
yet the present work shows that the class of the paths in the integral needs a sophisticated
description to produce the correct results.
[1] L. P. Schulman, Phys. Rev. 176 (1968) 1558.
[2] M. S. Marinov and M. V. Terentyev, Fortschr. Physik 27 (1979) 511-545.
[3] J. Tits, *'Tabellen zu den einfachen Lie Gruppen und ihren Darstellungen" {Lecture
Notes in Mathematics, vol. 40, Springer-Verlag, Berlin, 1967).
[4] A. O. Barut and R. Raczka, Proc. Roy. Sot: London A287 (1965) 519-531.
[5] V. K. Dobrev et al., "Harmonica] Analysis on the n- Dimensional Lorentz Group and
its Application to Conformal Quantum Field Theory" (Lecture Notes in Physics, vol.
63. Springer-Verlag, Berlin, 1977).
[6] R. Camporesi, Phys. Reports 196 (1990) 1-134.
[7] C. Grosche.7. Math. Phys. 32 (1991) 1984-1997.

109

IL9706271
Particles and Fields

Poster

The Nonlinear Quantum Gauge Theory-Superrelativity
P. Leifer
Mortimer and Raymond Sackler Institute of Advanced Studies
Tel-Aviv University. Tel-Aviv 69978, Israel
A new type of nonlinear gauge quantum theory (superrelativity) has been proposed
[1]. This differs from ordinary gauge theories in the sense that the affine connection

of my theory is constructed from first derivatives of the Fubini-Study metric tensor
Gik* — R — —

in the projective Hilbert space of the pure quantum states CP(N). That is we have not
merely analogy with general relativity (GR) but this construction presumably paves the
way to the unification of GR and quantum theory.
The principle of superrelativity states as follows: The general unitary motion of pure
quantum states may be locally reduced to the geodesic motion in the projective Hilbert
space by the introduction of a gauge (compensation) field which arises from the local
change of a functional frame in the original Hilbert state space. Since the geodesic flow
induced be transformations from the coset SU{N + l)/S[U(l) x U(N)], in distinction
from the gauge transformations of Ref.[2] one has an observable deformation of the quantum state. The gauge field is a physical evidence of this deformation. That is one has a
"superequivalence" of the compensation field and some class of unitary motions of functional basis in Hilbert space as well as in GR one has the local equivalence of gravity
and an accelerated motion of a frame in spacetime. This gauge field is a function of the
sectional curvature K — R~2 of the projective Hilbert space CP(N).
The influence of the « on processes in physical spacetime will be discussed.
[ 1 ] P.Leifer, Superrelativity as an Element of a Final Theory,
(to be published in Found.Phys.)
[2] H.-D.Doebner and G.A.Goldin, Phys.Rev.A 54, No.5 3764 (1996).
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Variational Master Field for Large-N Interacting Matrix Models - Free Random
Variables on Trial
M. Engelhardt * and S. Levit
Department of Physics,
Weizmann Institute of Science. Rehovot, 76100, Israel
We used recently developed mathematical techniques, Refs. [1], in combination with
a standard variational principle to formulate a new variational approach for large N gauge
theories. As a first step we concentrated on large N matrix models.
Matrices are said to behave as free non-commuting random variables if the action
which governs their dynamics constrains only their eigenvalues, i.e. depends on traces of
powers of individual matrices, cf., Ref. [1]. It has been possible to prove that the large N
master field for any matrix model can be constructed on the basis of the operator algebra
developed for free models, Ref. [2]. However, so far no dynamical principle has been
advanced in order to carry out this construction explicitely for interacting matrix and field
theories.
The new element in the present work was to use the free matrix models as the trial
variational space. Given the set of variables in terms of which the action is formulated,
one can give a complete solution of the variational problem in the space of free matrix
models by defining what we called the free partner of the exact action of the model.
The available variational freedom is even wider since one can first transform to a new
set of variables, Mi —* Mi(Bj). In the new Bi it is again possible to define the free
partner of the action and give the general variational solution. Thus the "art part" of
the proposed variational method is the choice of the optimal Bi or in other words of the
optimal parameters of the transformation Mi —*• Mi(Bj).
We used our method to find approximate variational solutions of several classes of
classical and quantum mechanical interacting matrix models with different types of interactions. We compared the variational solutions with exact Monte Carlo and analytical
results and found impressive agreement in a majority of cases.
[1 ] D.V.Voiculescu, K.J.Dykema and A.Nica, Free Random Variables (Am. Math. Soc,
Providence, RI, 1992).
[2] R.Gopakumar and DJ.Gross, Nucl. Phys. B 451 (1995) 379, M.R.Douglas, Nucl.
Phys. B 41 (Proc. Suppl.) (1995) 66.

"Supported in part by MINERVA Foundation, Germany. Address from 1.10.96: InstitutfurTheoretische
Physik, Universitat Tubingen, 72076, Tubingen, Germany.
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Temperature Dependence of the Efficiency of Termination
J. Stavans1. W. Volkmuth2, S. Chu2. K. Kumble3 and S. Quake4
1

Dept. of Physics of Complex Systems, Weizmann Institute, Rehovot 76100, Israel
2
Dept. of Physics, Stanford University, Stanford CA 94305, USA
^Genesis Research and Development Corp. Ltd., 1 Fox St., Auckland, New Zealand
*Dept. of Applied Physics, California Institute of Technology, Pasadena CA 91125, USA
During the process of transcription, an RNA molecule complementary to one of the
strands of a DNA double helix is synthesized. The information in the nucleotide sequence of this RNA transcript is then translated into the aminoacid sequence of a protein. Transcription is carried out by an enzyme, RNA polymerase (RNAP), which binds
nonspecifically to a DNA double helix, and searches by one-dimensional diffusion for a
sequence termed the promoter. Once at the promoter, which signals the beginning of the
sequence coding for a gene, RNAP opens up the DNA strands locally and begins RNA
synthesis. It advances along the DNA strand (elongation) until it finds a sequence called
a terminator, which codes for the end of the gene. At the terminator, RNA synthesis
ceases, and both the RNA transcript and RNAP are released. While the process of termination is sometimes mediated by certain proteins, other times it involves DNA, RNA
and RNAP only. Not surprisingly, this latter process is called intrinsic termination. Interestingly, in intrinsic termination the signal at the terminator is not always obeyed and
RNAP continues with RNA synthesis past the terminator. Thus a termination efficiency
(TE) may be associated with a particular terminator sequence. Recent models of termination have interpreted this behavior in terms of the competition between two potential
barriers, one for elongation and the other for termination. One of the hallmarks of terminator sequences is their palindromic symmetry (e.g. ATCGGCTA). As a consequence, the
single-stranded RNA transcript forms a short double stranded configuration with hairpin
shape, which is believed to play an important role in the sequence of termination events.
Using incorporation of radioactive nucleotides into the RNA transcript and monitoring
the radioactivity of the latter over time, we have obtained the temperature dependence of
the termination efficiency for eight different terminator sequences. Our results indicate
that: (i) Terminators whose hairpins have similar structural features (e.g. length) have
similar TE dependences, irrespective of the precise terminator sequence, (ii) Termination
cannot be viewed as a simple competition between two potential barriers as recent models
have suggested. These simple-minded models lead to unphysical values of rates. Instead,
termination may either involve a large number of metastable states, or must consist of a
series of events of unknown complexity.
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Propagating Pulses in One-Dimensional Neuronal Networks
David Golomb
Zlotowski Center for Neuroscience and Department of Physiology, Faculty of Health
Sciences, Ben-Gurion University of the Negev, Beer-Sheva 84105, Israel
Pulses of neuronal activity propagate in brain tissues when inhibition is blocked [1].
I investigate, via numerical simulations, models of one-dimensional neuronal networks
with spatially-decaying excitatory coupling in order to understand the relationship between synaptic coupling strength and pulse velocity on the one hand, and the level of
synchrony between neurons on the other hand. In contrast to other types of excitable
media, the pulse represents a transition from a silent state to an oscillatory state, and the
coupling between units is nonlocal in both space and time.
First, we study deterministic models with homogeneous architecture [2]. The stimulusevoked pulses propagate in the model with a constant velocity and shape. When synaptic
coupling above a certain threshold, propagation occurs. The velocity at threshold is finite.
In a model without synaptic depression, multiple pulse forms can propagate at different
velocities, depending on initial conditions. With strong synaptic depression, only one
pulse type exists. The pulse velocity increases linearly with the synaptic coupling at
strong coupling. These result were confirmed experimentally, and only one pulse velocity
exists for a particular set of experimental conditions.
As a second step, we study the effects of sparse connectivity, heterogeneity of intrinsic neuronal properties, and synaptic noise on spike synchronization during the activity.
System-averaged cross-correlation between neurons does not depend on their mutual distance, except for a time shift. Spike synchronization between neurons emerges as a result
of the transient activity. It occurs only when the average number of synapses a cell receives is larger than a critical number, between 30 and 100. Reasonable levels of heterogeneity and noise reduce, but do not abolish, the spike synchronization. We predict that
local, 2-cell spike synchrony, but not global synchrony, can be detected experimentally.
[1] Gutnick, M.J., Connors. B.W., and Prince, D.A. J. Neurophysiol. 48, 1321-1335,
1982; Connors, B.W. Nature 310, 685-687, 1984.
[2] Golomb, D., and Amitai, Y. Preprint, submitted for publication.
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The Spontaneous Activity of Biological Networks: Experimental Study of Heart
Cells in Culture.
E. Braun and N. Cohen
Department of Physics
Technion, 32000 Haifa, Israel
Controlled networks are constructed from isolated heart cells which form spontaneous
strong couplings. Our aim is to study experimentally the communication among biological cells and the interplay between single cell dynamics and the spatio-temporal dynamics
of the network. The cells are enzymatically separated from the ventricles of neonatal rats
and then plated homogeneously on collagen coated glass plates at controlled densities.
Depending on this density, the cells then attach to the substrate as single, isolated cells,
pairs of connected cells, small networks, up to dense large-scale networks containing
thousands of interconnected cells. The cultured cells are grown for durations of up to a
few weeks. The ventricular cells fire action potentials spontaneously even in isolation.
This activity is easily observed by the resulting mechanical contraction of the cells. The
spontaneous activity of the system is followed mainly by a fluorescence microscopy technique that allows to monitor the intracellular calcium on many scales. The optical signal
thus follows the intracellular calcium of the cells which mediates between the electrical
and mechanical activities. The electrical activity of the underlying excitable cells is also
directly measured by inserting intracellular electrodes to a single cell.
Preliminary results indicate that single isolated cells exhibit irregular activity with
exponential inter-spike interval histograms. A pair of interconnected cells attempt to synchronize their activity, but the synchronized activity is not stable: the cells' activities synchronize and de-synchronize repeatedly. Large networks of cells are better synchronized
and the temporal activity is more regular than that of isolated cells. The firing pattern is
now in the form of bursts and the inter-spike interval histograms are accordingly bimodal.
The network exhibits distinct behavior at low and high temperatures. At low temperatures
(10-20 C) the activity is less synchronized and the spatio-temporal mode of activity is irregular on many scales. On the other hand, as the temperature is increased, the activity
becomes more regular and synchronized. The mean inter-spike interval decreases monotonically with temperature. The morphology of the networks also depends on the density
of cells. Networks, above a certain high density of cells, are found to be morphologically unstable. After many days in culture, cells, originally distributed in a homogeneous
monolayer, start to migrate over long distances to form highly regular and reproducible
patterned networks, composed of dense filaments connected to each other via triangular
vortexes.
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Smart Bacterial Colonies
Eshel Ben-Jacob

School of Physics and Astronomy
Raymond and Beverly Sackler Faculty of Exact Sciences
Tel-Aviv University
Ramat-Aviv 69978, Tel-Aviv, ISRAEL
In nature, bacterial colonies must often cope with hostile environmental conditions.
To do so they have developed sophisticated cooperative behavior and intricate communication capabilities, such as: direct cell-cell physical interactions via extra-membrane
polymers, collective production of extracellular "wetting" fluid for movement on hard
surfaces, long range chemical signaling such as quorum sensing and chemotactic (bias of
movement according to gradient of chemical agent) signaling, collective activation and
deactivation of genes and even exchange of genetic material. Utilizing these capabilities,
the bacterial colonies develop complex spatio-temporal patterns in response to adverse
growth conditions. We present a wealth of beautiful patterns formed during colonial development of various bacterial strains and for different environmental conditions. Invoking ideas from pattern formation in non-living systems and using generic modeling we
are able to reveal novel bacterial strategies which account for the salient features of the
evolved patterns. Using the models, we demonstrate how bacterial communication leads
to colonial self-organization that can only be achieved via cooperative behavior of the
cells. It can be viewed as the action of a singular feedback between the micro-level (the
individual cells) and the macro-level (the colony) in the determination of the emerging
patterns.
[1] E. Ben-Jacob, O. Shochet, I. Cohen, A. Tenenbaum, A. Czirok and T. Vicsek, Fractals 3(4) 849-868 (1995).
[2] "Smart bacterial colonies" E. Ben-Jacob, I. Cohen, and A. Czir6k, in Physics of
Biological Systems: From Molecules to Species, (Lecture Notes in Physics, Nordita,
August 1995) Springer-Verlag, Berlin, 1997 (in press).
[3] E. Ben-Jacob, I. Cohen, O. Shochet. A. Tenenbaum, A. Czirok and T. Vicsek, Phys.
Rev. Lett. 75 2899-2902 (1995).
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Photovoltaic Properties of Buckminsterfullerene and Some C6o Junction Devices.
D. Faiman1'2. E. A. Katz1, M. M. Koltun1, S. Goren2, E. Kunoff2, V. Lyubin2, A.
Shames2, S. Shtutina2. B. Uzan2, B. Mishori3, Y. Shapira3, S. Licht 4 ,0. Khaselev4, P. A.
Ramakrishnan4.
1

National Solar Energy Center, Jacob Blaustein Inst. for Desert Research, Ben-Gurion
University, Sede Boqer Campus 84990, Israel.
2
Dept. of Physics, Ben-Gurion University of the Negev, Beersheva 84105, Israel.
3
Dept. of Electrical Engineering, Tel-Aviv University, Ramat Aviv 69978, Israel.
4
Dept. of Chemistry, Technion - Israel Inst. of Technology, Haifa 32000, Israel.

Prompted by the discovery that solid C 60 is easy to synthesize[l] and a semiconductor with a band gap energy corresponding to IR-visible light[2] we initiated a research
program aimed at producing photovoltaic (PV) solar cells from this material. We present
first, the motivation for this program together with experimental results of our first proof of-concept PV device: a C6o-Ag Schottky barrier junction[3]. Owing to the importance of
the nature and size of the C 60 band gap, and motivated by the desire to produce a device
with a measurably large surface area, we studied the optical properties of Ceo thin films
prepared at various temperatures. The results indicated the existence of a systematic variation in the "optical" band gap with degree of film crystallinity; the more crystalline the
film the smaller the band gap, with variability in the approximate range 1.5 - 2.5 eV as
the film is made progressively more amorphous[4]. Initial attempts to produce a thin-film
C 60 Schottky barrier device were, however, unsuccessful owing to the appearance of an
unexpected hysteresis effect that requires further study[5]. One manner in which we were
able to investigate this problem involved the use of EPR techniques, which indicated that
visible light induces such states only in the presence of oxygen whereas UV irradiance
produces long-lived states even in an inert atmosphere[6]. On the other hand, SPV spectroscopy was found to be a valuable tool for studying the nature of the band gap. Here we
were able to distinguish between transitions associated with band tails and inter-gap donor
and acceptor states[7, 8]. In the current absence of a method for bulk doping C6o. effective pn junction devices were studied via the formation of photoelectrochemical cells and
a C60-Si heterojunction. The photoelectrochemical cells yielded open circuit voltages of
up to approximately 0.45 V[9], and the heterojunction experiments clearly distinguished
between the wavelengths converted by each of the Cgo and Si components! 10], the Ceo
layer providing a significant improvement to the poor "blue" response of Si. The presentation will discuss the significance of these findings for the PV industry.
[1 ] W. Kratschmer, L.D. Lamb, K. Fostiropoulos and D.R. Huffman, Nature,347 (1990)
354.
[2] S. Saito and A. Oshiyama, Phys. Rev. Letters, 66 (1991) 2637.
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[3] M. Koltun, D. Faiman, S. Goren, E.A. Katz, E. Kunoff, A. Shames, S. Shtutina and
B. Uzan, Solar Energy Materials and Solar Cells, 44 (1996) 485.
[4] "Structure and optical properties of C6o thin films", D. Faiman, S. Goren, E.A. Katz,
M. Koltun, N. Melnik, A. Shames and S. Shtutina, Thin Solid Films, (in press).
[5] E.A. Katz, V. Lyubin, D. Faiman, S. Shtutina, A. Shames and S. Goren, Solid State
Communications, 100 (1996) 781.
[6] "EPR study of as-grown and photoinduced defects in C6o thin films". Materials Science and Engineering, (in press).
[7] "Studies of electron structure of C6o thin films by surface photovoltage spectroscopy", B. Mishori, E.A. Katz, D. Faiman and Yoram Shapira, Solid State Communications, (accepted for publication)
[8] "Electronic properties of C 60 thin films", B. Mishori, E.A. Katz, D. Faiman, A.
Belu-Marian and Yoram Shapira, Fullerene Science and Technology, (accepted for
publication).
[9] "Fullerene photoelectrochemical solar cells", S. Licht, O. Khaselev, P.A. Ramakrishnan, D. Faiman, E.A. Katz, A. Shames and S. Goren, Solar Energy Materials and
Solar Cells, (submitted for publication).
[10] "Photovoltaic properties of a Cgo-Si heterojunction", E.A. Katz, D. Faiman, S.
Goren, S. Shtutina, B. Mishori and Yoram Shapira, Fullerene Science and Technology, (submitted for publication).
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Solar Energy Projects at the Solar Facilities in the Weizmann Institute
Amnon Yogev
Department of Environmental Science and Energy Research
Weizmann Institute of Science, Rehovot, Israel
The efficiency of conversion of solar energy depends on the concentration and rational
use of the spectrum. It is possible to achieve a solar concentration close to the thermodynamic limit even in practical systems using a combination of imaging and non imaging
systems and taking advantage of the high refractive index of some optical materials. The
concentrated light can be divided into several spectral bands, and each such band can be
used in a different conversion system to achieve maximum efficiency. Systems that have
been developed and reached the stage of transfer to industry include:
Large scale solar thermal system that use solar energy to operate gas turbines in hybrid
systems. Large scale solar thermal systems to produce solar fuels. Spectrum selective
concentrated solar systems that can operate simultaneously solar cells with different band
gap at efficiencies as high as 46%. Spectrum selective concentrated solar systems that
operate simultaneously different lasers in the kilowatt range. Solar laser systems for
power transmission and space communication.
All systems are now subject to a joint development with industry under the framework
of an industrial consortium CONSOLAR part of the Magnet program of chief scientist of
the Ministry of Industry and Trade.
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INTEL Leading Edge VLSI in Israel
Maxine Fassberg
Intel Lachish, Qiryat-Gat

Intel in Israel will work on 0.25u technology. To achieve this goal, we need to actively
push the boundaries of known capacities of both equipment and technologies to realize
this in a manufacturing environment. Integrative problem solving is a way of life lead
by physicists, chemists, electrical engineers and computers scientists. How to make the
impossible a reality is our standard reaching the next step - 0.18u is just around the corner
in Qiryat-Gat.
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The Physicist Impact in the Development of Hi-Tech Machines
Avi Gross
Orbotech. Yavne, Israel
A success of a commercial product in the Hi-Tech starts with a market need, a need
that can be resolved by an innovative technology, in a practical way. A physicist, can
contribute to this course of product development all along the way. A detailed anal ysis
of ORBOTECHs Automatic Inspection Machine for the electronics industry is presented,
along with the role the physicist plays in its inception. The Automated Optical Inspection
machine is designed to detect defects in a bare Printed Circuit Boards. Its task is to find
shorts, opens etc. of conductors on the board. Defect size can be as small as few microns,
and inspection area is almost a one square meter; each board is inspected in less than one
minute. Similar to any human inspector, this machine contains the hands to handle the
board, the eyes to acquire an image, and the brains to detect and identify features and
defects. In order to invent and build such a machine, one has to understand first the basic
processes, products and problems of his future customer. Once the problem is well defined practical solutions are required. This is achieved by the physicist training in solving
problems as well as his knowledge in many experimental techniques. The first challenge
in the development of the inspection apparatus is to get a good picture that could be easily converted into a two dimensional binary map of the conductor tracks. How can one
best differentiate between a copper conductor and its surrounding substrate. One can use
simply reflected light, or, one can resort to more sophisticated physical phenomena like
fluorescence. Each of these techniques require deep understanding of the physical phenomena involved. A thorough research of the physical parameters will lead to a concept
implementation of the device. And finally, once the whole machine is up and running,
the physicist has to test its performance in the real industrial environment, to quantify
detection probability, false alarm rates, and of course how can this complicated tool be
best utilized. This last procedure resembles most, a well designed lab experiment and its
statistical analysis. In conclusion, a physicist can find in the industry a vast ground for a
creative mind, challenging problems to solve, and satisfaction in watching the realization
of his ideas.
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Fiber Bragg Gratings in Communication and Sensing
M. Tur and B. Lissak
Department of Interdisciplinary Studies, Faculty of Engineering
Tel-Aviv University, 69978 Tel-Aviv, Israel
A Bragg grating, imprinted into the core of an optical fiber via the UV photosensitivity
of the core dopants, is a relatively novel device with many promising applications in
fiber-optic communication and sensing. Through a rather complex mechanism, still under
study, UV radiation at around 240nm induces permanent refractive index changes in the
core. Illuminating the core from the side through a periodic mask, or exposing the core
to the interference pattern of two plane waves, will result in the formation of intracore
gratings, the period of which is determined by the mask or by the angle of the interfering
waves. Depending on the application, the grating period varies from millimeters down to
a fraction of a micron.
Most commonly, the fiber Bragg grating (FBG) is used in the reflection mode, where
the grating planes are perpendicular to the optical axis of the fiber and the period is such
that an incoming wave will be back reflected for those wavelengths which satisfy the
Bragg condition, namely: A = 2nA, where A is the wavelength of the incident light, n is
the core refractive index, and A is the grating period. For a few millimeters long gratings,
very sharp reflection spectra are obtained. These gratings are already utilized to stabilize
the optical frequency of semiconductor lasers and as mirrors in all-fiber lasers. Another
important area of application is in Wavelength-Division-Multiplexing (WDM) systems,
where the gratings serve as filters. When tension is applied to the fiber, the reflection
spectrum will be shifted, thereby making the FBG a very useful sensor, which is also
quite suitable for its incorporation into large multi-sensor arrays.
Chirped FBGs emerge as excellent candidates for dispersion compensation in demanding long-haul fiber-optic communication links.
The talk will discuss writing techniques as well as many properties and applications
of these interesting devices.
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Principles and Applications of Nonlinear Semiconductor Optical Amplifiers
Gadi Eisenstein
Technion
Nonlinear semiconductor optical amplifiers are destined to play a major role in future
optical fiber communication networks. The most likely uses will be for multiwavelength
signal routing, wavelength conversion and switching, for gating and fast demultiplexing.
This talk discusses the physical principles on which such applications depend. These
include the basic nonlinearities which include inter as well as intra band processes some
of which are material dependent and others which are defined by the device structure.
Above and beyond that, there is noise which is very well documented and understood for
linear optical amplifier but has been hardly dealt with in the nonlinear regime. We discuss
theoretical models and their experimental confirmation.
The dynamical nonlinearities and the noise, together dictate the performance of system that make use of nonlinear optical amplifiers. We will describe these performance
limitations using formalisms of communication theory.
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Digital Film Viewing
D. Inbar, A. Rippel, A. Natanzon, D. Ben-Zeev
Smart Light

Although conventional light boxes are commonly used to read medical X-ray film
they have some severe limitations. Extensive psychophysical research has established
that radiological lesion detectability degrades when viewing conditions are not optimized.
Although X-ray film contains an enormous amount of data, a conventional light box typically enables the radiologist to perceive only a fraction of this information. Many "hidden" gray shades and details are lost. The SmartLight( Digital Film Viewer( was designed
to electronically optimize film reading acuity and minimize visual fatigue. Light emanating from "non-image" areas is automatically masked, thus eliminating glare. Illumination
intensity is automatically adjusted based on film density. Ambient room light is adapted
to reader activity. These adaptations yield improved diagnostic quality and confidence in
the interpretation of radiographic films.
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Instrumentation for Earth Remote Sensing From Space
M. Berger and J. Topaz
El-Op Ltd. Remote Sensing Operation
The existing satellite cameras for remote sensing of the Earth such as Landsat, SPOT
and IRS-2 are large, heavy payloads requiring satellite platforms weighing hundreds of
kilos. Advances in detector and space technology allow much smaller cameras, capable of
being carried on mini- or even micro-satellites and often with even better characteristics,
while permitting dedicated platforms for specific data gathering. El-Op has developed
a camera, the ERMS, weighing only 6.5 Kg which permits resolution not far from that
of SPOT and can be operated on a very small platform. This has a refractive objective
with passive temperature compensation to maintain focus and a linear CCD detector array
formed by optical butting of smaller detector units.
Another system in the early stages of design, the "David" satellite, will carry a camera
with 12 spectral channels with a ground resolution of 5 m from an altitude of 670 km.
This camera is based on the catadioptric telescope developed for TAUVEX (reported on
in another paper) and a multiple dichroic beam-splitter. The detectors in this camera are
of the TDI type offering considerable sensitivity improvement over simple CCD arrays,
which allows narrow spectral bands to be achieved with good signal-to-noise ratio. The
system is being developed together with two German companies, OHB and GAF .
The compact horizon sensor developed by El-Op for the Techsat-1 micro-satellite
will also be described. This instrument uses thermopile detector arrays to image the
IR characteristics of the Earth-space interface in order to determine the orientation of
a satellite. The selection of the optimum spectral band is based on analysis of many
radiance profiles of the horizon. Because of its small size, light weight and very low power
consumption, this sensor can be used in the attitude control system of small satellites; its
wide field of view making it useful for acquisition as well as stabilization of attitude.
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Quantum Well Infrared Photodetector (QWIP) Research in ELOP
B. Brill and G. Sarussi
Thermal Imaging Operation, ELOP Israel, Rehovot 76110
Quantum Well Infrared Photodetectors (QWIPs) are believed by many to be one of the
most promising technologies for night vision. These detectors are usually based on
GaAs/AlGaAs heterojunctions in which two quantum levels are formed. The level heights
can be tailored by altering the material composition and the layer thicknesses such that
the energy difference between the two active levels suits the incoming photon energy. In
this presentation we touch upon the basic principles of QWIP operation, review briefly
the status of the technology in the world and present the study done in ELOP in QWIP
physics and the fabrication of QWIP arrays.
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Computer Simulation and Testing of a Bimorph Piezoelectric Actuator
D. Segal
Rafael,P.O.B. 2250 Haifa
The electro-mechanical response of a commercial piezoelectric buzzer actuator was
investigated. The actuator was a disc shaped PZT/brass bimorph. Actuator vibrations in
response to step-function voltages were measured with a laser displacement interferometer. Response to DC voltage was measured with an induction displacement probe. Amplitudes and frequencies were compared to simulations with a two dimensional PISCES
hydrodynamic code. Measurements were in good agreement with code predictions. The
simulation method may be used to predict dynamic behaviour of any actuator design with
two dimensional symmetry. As an example, disc actuator response as a function of actuator diameter was calculated.
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Photon Migration in Tissues: Model and Applications
Haim Taitelbaum
Department of Physics
Bar-Han University, Ramat-Gan 52900, Israel
When light is injected into biological tissue - one can use the re-emitted light to obtain
information about optical parameters of the tissue, which depend on both its structure and
its physiological function. This "Optical Biopsy'* offers one a new imaging tool, which
might be an appealing diagnostic approach for a number of medical problems.
Why do we need another diagnostic method? Current biopsy and imaging techniques
are limited in at least one of four fundamental ways. They are invasive, not portable, noncontinuous and do not measure function. Optical biopsy can overcome these limitations.
Visible and near-infrared light, for example, are non-ionizing, safe forms of radiation that
function well as medical probes, pass easily through bones such as the skull, penetrate
deeply into tissues such as brain and breast, and are well tolerated in large doses. Optical sources are portable, inexpensive, and can be safely used continuously for extended
periods of time. Last, optical systems can measure tissue function in that they rely upon
the relationship that variations in the concentration of light-absorbing pigments, produce
changes in the way these substances absorb light.
When light enters a biological tissue it follows a complex path and multiple scatters,
which result in a loss of amplitude and coherence. The degree of scattering is related
to the key optical properties of the tissue, namely its absorption and scattering factors.
Recently, a model of random-walk on a lattice has been suggested to describe photon
migration in these tissues. In this model the scattering is simulated by a random change
in the direction of travel of each photon on a lattice and the absorption occurring between
nodes of the lattice is described by Beer's Law.
The random-walk model has been applied to several tissue models. It has successfully predicted the magnitude of reflected photon flux, the mean transit time, the optical
penetration depth and the phase-shift of the detected light in reflectance measurements in
homogeneous as well as in heterogeneous (e.g. layered) tissues. In addition, It has been
recently used to study the detectability of hidden abnormalities in time-resolved transillumination measurements, and to study general transmittance problems in heterogeneous
slab-like tissues such as the breast.
In this talk we describe the random-walk model and some of its applications. We
show how understanding light propagation in biological tissues would enable one to use
the "optical biopsy" as a new imaging and diagnostic tool.
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Physics of Medical Imaging
D. Maor
Elscint Ltd. P.O.Box 550, 31004 Haifa, Israel

The application of basic physics principles, aided by constantly increasing computing power enables the continuous development of the capabilities of different methods for
imaging the human body. This review will briefly present the fundamentals of three of the
most sophisticated imaging modalities. 1. Computed Tomography: Three-dimensional
x-ray attenuation coefficients are determined by reconstruction of transmission measurements from different angles. The very high resolution achievable both spatially and in
attenuation coefficients enables sharp separation of tissues. Also, malignant or other
changes in tissue are detectable. Recent developments include spiral and multislice imaging. These, together with modern 3D computer capabilities enable novel applications
such as CT angiography and virtual endoscopy. Full cone-beam imaging is still a problem awaiting solution. 2. Nuclear Medicine: The distribution of a radiotracer in the body
is determined by a planar position-sensitive detector equipped with a collimator (gamma
camera). In Emission Computed Tomography angular projections are used to reconstruct
the three-dimensional distribution. The function of different organs such as the heart,
brain, kidneys etc. can be studied. Recent developments include correction methods for
tissue attenuation and colimatorless tomography by coincidence imaging on dual-headed
cameras. One of the great remaining challenges: the development of a unified process
to correct for Compton scatter and attenuation and restore resolution, which could dramatically improve image quality. 3. Magnetic Resonance Imaging: By using accurate
three-dimensional gradients combined with a strong constant magnetic field and a tunable
radio-frequency exciting source, proton spins are flipped and the signal generated by their
relaxation is used to obtain a three-dimensional concentration distribution. Since tissues
are characterized also by different relaxation times, delayed excitation-readout sequences
enable very accurate tissue differentiation. Recent developments in gradient technology
enable very fast imaging sequences facilitating high temporal resolution dynamic imaging e.g. of blood flow. They also enable functional imaging of the brain possibly opening
a door to the understanding of human behavior.
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Laser-Polarized Inert Gas Imaging
E. Miron
NRCN Lasers Department
P.O.Box 9001, 84190 Beer Sheva, Israel

Conventional MRI relies on powerful superconducting magnets to produce magnetization in the protons present in the patient's tissues. This magnetization is detected using
Magnetic Resonance Imaging techniques.. Some organs - like the lungs, are difficult to
image because they lack the hydrogen atoms necessary to produce sufficient polarization. Alternative methods: X-rays of the lungs can only show some accumulation of fluid
and scar tissue, lungs. Ventilation scans with radioactive isotopes often fail to produce
sufficiently resolved images.. The new MRI technique relies on "in vitro" production
of highly polarized ("hyperpolarized") gas which is inhaled into the lungs and imaged.
The polarization is produced by powerful lasers in an optical pumping / spin exchange
scheme, obliviating the need for a big magnet. Laser polarization has become practical
with the availability of cheap high-power diode lasers having 331aser-pumped Ti.Sapphire
laser with total power efficiency of 0.011 X 10 cm 120 W diode laser uses 400 W of
electrical power and costs about $ 10,000. Peripherally, it requires a small chiller and
standard electrical wall outlet. The circularly polarized laser beam at 795 ran polarizes
rubidium atoms vaporized in a 50 - 100 cc cell heated to about 1800C. The alkali atoms
subsequently transfers some of their polarization to nuclei of a noble gas, usually 3He or
129Xe, during gas phase collisions. Ten hours of optical pumping using the 12! 0-watt
diode laser yielded one liter of polarized 3He at STP that was used for clinical trials on
humans. Polarized 129Xe offers additional diagnostic capabilities due to its high solubility in blood and because it retains its polarization in the liquid for tens of seconds, ample
time for imaging. This property has great potential for MR imaging of lung perfusion,
brain function and coronary angiogaphy.
[1] Mac Fall J, Charles H, Black R, et al. Human lung air spaces: potential for MR
imaging with hyperpolarized He-3. Radiology, 200,553-558, (1996)
[2] Bachert P, Schad LR, Bock M, et al. Nuclear magnetic resonance imaging of airways
in humans with use of hyperpolarized 3He. Magn. Reson. in Med. 36(2), 192-196,
(1996)).
[3] Wagshul M, Button TM, Li HF, et al. In vivo MR imaging and spectroscopy using
hyperpolarized 129Xe. Magn. Reson. in Med. 36(2), 183-191 (1996).
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Computerized Analysis of Ovarian Cysts in Ultrasound Images - A Step Towards
Automatic Classification of Ovarian Masses
Y. Zimmer,1 R. Tepper2 and S. Akselrod1
1

Medical Physics Department, Tel Aviv University, Tel Aviv, Israel
Department of Obstetrics and Gynecology, Sapir Medical Center, Kfar Saba, Israel

2

Ultrasound images are an important tool in the diagnosis of ovarian tumors. Despite
the recent progress in image processing, automatic analysis is rarely applied to gynecological ultrasound images. We propose to analyze ovarian masses using automatic image
processing. Preceded by an automatic process that roughly categorizes the mass, a detailed quantitative analysis (adapted to the specific category) can then be applied to the
mass. The resulting technique for computerized classification of ovarian tumors can be a
powerful tool, helping to diagnose ovarian pathologies.
A considerable number of ovarian masses are cysts. Being a region of unechogenic
fluid surrounded by echogenic tissue, an ovarian cyst is relatively easily detected in the
image. Several important features that characterize a cyst are its size, its contents (transparent fluid, turbid fluid), as well as the existence and specific properties of various structures within it (e.g., papillations, septations). We developed a set of image processing
tools, aimed to extract this information from the ultrasonic image. Besides using advanced image processing techniques, we also take into consideration the physics of the
ultrasonic signal as manifested in the image.
Segmentation is an important step in analyzing the ovarian cysts. We propose [1] to
apply a 2-dimensional extension of a histogram-based thresholding technique known as
"Minimum Cross Entropy thresholding" [2]. Specifically, both the gray level and the local
entropy are considered for threshold selection. The local entropy is relatively insensitive
to intensity transformations (e.g., gain changes). Furthermore, we have shown [3] that
the local entropy is normally distributed in ultrasound images. Controlling the relative
weights of both variables enables to segment various kinds of cysts (transparent, turbid).
Following segmentation of the image, the various structures within the cyst can be isolated using the convex hull of the cyst. Then, each structure is identified and quantitatively
analyzed using its geometrical properties.
We are currently working on expanding the analysis to other types of ovarian masses
(semi-solid, solid), in order to create a complete classification algorithm.
[1] Y. Zimmer, R. Tepper and S. Akselrod, Ultrasound Med. Biol. 22, 1183(1996).
[2] C. H. Li and C. K. Lee, Patt. Recog. 26,617(1993).
[3] Y. Zimmer, S. Akselrod and R. Tepper, Ultrasound Med. Biol. 22, 431(1996).
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Short Pulse Lasers in Medical Applications

M. Strauss1. P. Amendt2, R. A. London2, D. J. Maitland2, M. E. Glinsky2, and C. P. Lin3
1

Nuclear Research Center, Negev, Beer Sheva, Israel
Lawrence Livermore National Laboratory, University of California, Livermore
3
Wellman Laboratories ofPhotomedicine, Massachusetts General Hospital, Harvard
Medical School, Boston.
2

In various fields of pulse-laser surgery, strong stress waves and even shocks are applied
which are later followed by the formation of cavitation and vapor bubbles. In cardiology
(heart), laser coronary angioplasty is often accompanied by the formation of vapor bubbles arising from the selective absorption of laser light by arterial thrombi and leading to
its breakup. In the intracranial (brain) vascular system, laser thrombolysis is expected to
lead to the creation of bubbles which can disrupt the occlusion. In opthalmology (eye)
and dermatology (skin), damage may result from the selective absorption of laser light
by melanin structures and by bubble formation. In intraocular (eye) surgery, photodisruption of tissue is often accompanied by bubble generation which must be comfortably
distant from sensitive structures of the eye, e.g. the retina and cornea. In medical applications lasers initiate photo-mechanical effects of pressure waves in the range from weak
acoustic waves to strong shock waves. The dynamics may induce from thermo-elastic
bubbles to vapor bubbles. These hydrodynamic behaviors should be quantified to avoid
extra damage. These dynamics cover a wide range of parameters and over many order
of magnitudes: spatial dimension from 1 micron to 1 mm, laser pulse length from 1 ps
to 1 ms, laser energy per pulse between 1 microJ to 100 mJ, and heating temperature
up to 10000 OC. A useful theoretical tool in these medical applications is to apply one
and two dimensional hydrodynamic simulations. The simulations should include realistic
bio-material (tissue) properties: equation of state, material strength, e.g. elastic-plastic
properties, and a failure model to incorporate damage. A simplified but useful tool used
is a collection of Rayleigh type models. These models incorporate the bubble evolution
including the important effects: equation of state, acoustic radiation, elasticity, viscosity
and surface tension. In this talk the common basis for the various medical applications
will be considered as well as the tools required to analyze the dynamic induced by short
pulse lasers.
[1] 1. M. Strauss, P. Amendt, R. A. London, D. J. Maitland, M. E. Glinsky, C. P. Lin
and M. W. Kelly, in Laser Tissue Interaction VIII, SPIE-2975 (1997).
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Measurement of Diffusion Coefficients Using Shearing Interferometry
I. Braslavsky, A. Notcovich
Department of Physics
Technion- Israel Institute of Technology, 32000 Haifa, Israel
Diffusion processes play an important role in many fields. The diffusion coefficient
of different solutes is often required in biology, in chemical studies, and in studies of
processes such as crystal growth[l]. It is sometimes difficult to find a tabulation of the
diffusion coefficient of a specific material at given temperature and concentration. The use
of optical methods for measuring diffusion coefficients is not new[2]. The methods generally used are holographic interferometry[3] and speckle methods[4]. We have developed
an easy way to measure the diffusion coefficient of an aqueous solution which we used
for measuring the diffusion coefficient of Ammonium Chloride as a function of temperature and concentration. The method is based on a Sagnac common path interferometer as
a spatial differentiator and on a simple image processing application. The measurement
system requires conventional optical elements and it is sufficiently compact and stable
to be installed in a domestic refrigerator for temperature dependent measurements. Two
solutions having different concentrations are placed one on top of the other in a cell to
make a step function as initial conditions for the diffusion process. The cell is imaged
through the Sagnac interferometer which shears and recombines the wave front that pass
through the diffusion cell. The resulting fringe pattern represents the spatial derivative
of the concentration profile (concentration gradient) superimposed on the image of the
cell (localized fringes). The solution of the diffusion equation with a step function in the
concentration as an initial condition is known[5] and it has a form based on a gaussian
function. From the time development of the gaussian-like fringes and from the linear dependence of the refractive index on concentration we calculated the diffusion coefficient.

[1] E. Raz, S.G. Lipson and E. Polturak, Phys. Rev. A 40,1088 (1989).
[2] C. A. Coulson at al, Proc. Roy. Soc.(London) A192, 382(1948).
[3] N. Bochner and J. Pipman, J. Phys. D: Appl. Phys. Lett. 9, 1825-1830 (1976).
[4] D. Paoletti at al, Eur. J. Phys 17, 51(1996).
[5] J. Crank, The Mathematics of Diffusion, Oxford University Press 1975.
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Kinetic Measurement of Intracellular Fluorescein Fluorescence Polarization of
Target and of Effector Cells During Their Conjugation
D. Fixler, M. Deutsch, A. Eisenthal, O. Marder, R. Tirosh
The Jerome Schottenstein Cellscan Center for Early Detection of Cancer
Dept. of Physics, Bar Han University, Ramat Gan 52900, Israel
The aim of the present study was to detect early intracellular changes in the cytoplasmic matrix induced in target and effector cells, during their conjugation, by means of
intracellular fluorescein fluorescence polarization (IFFP) using the Cellscan apparatus [1 ].
Both Natural Killer (NK) and Lymphocyte Activated Killer (LAK) cells were used as effector cells while K562 and Daudi cell lines were used as target cells. In this study kinetic
measurements of IFFP where carried out during a 4 hour period. It was found that following the removal of cells from their culture medium, their IFFP continuously increases for
two hours, thereafter stabilizing. Within several minutes following effector-target conjugation, a transient reduction of IFFP, occurred at both the target and at the effector cells,
but with a phase difference between them. An additional continues reduction of IFFP was
observed exclusively in the target cells, starting 50 min following conjugation.
To the best of our knowledge, this was the first time that effector-target interaction is
monitored in a population on individual cell level in a population by means of fluorescence
polarization.
[1] Deutsch M, Weinreb A: Apparatus for high-precision repetitive sequential optical
measurement of living cells. Cytometry 1994; 16:214-226.
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Extraction of Structural Parameters of Nonspherical Cells by Fourier Analysis of
Their Light Scattering Pattern
Z. Schiffer. M. Deutsch, A. Amsterdam
Schottenstein Cellscan Center for Early Detection of Cancer
Physics Department, Bar-Ilan University, Ramat-Gan 52900 Israel
Extraction of morphological parameters of cells by differential light scattering was
profoundly investigated and highly developed during the last three decades (1-3). Yet,
information regarding size, shape and refractive index of cells was collected from only one
illuminated cell at a time (4) mostly due to the fact that biological cells are highly nonhomogeneous objects and one wouldn11 normally expect meaningful information to be
extracted from a diffraction pattern created by a cell population. In this work the problem
of light scattering by a population of elliptic cells is treated in three different aspects.
First, a theoretical expression for the spectra expected for a population of elliptic objects
is presented. Second, a computer simulation is performed in order to confirm the validity
of theoretical expression. Simulated experimental results are examined and compared
to a scattering experiment which was performed on elliptic-like cells (5-6). These cells
change their morphology in reaction to a certain biological treatment. We conclude that
both kind of comparison modes show high accordance between theory and experiment.
Thus, it is suggested that the method is applicable for quantitation of structural changes
in populations of cells.
[1] Turke B, Seger G, Achatz M, Seden WV. (1978) Applied Optics 17,2754-2761.
[2] Riley JB, Agrawal YC (1991) Sampling and inversion of data in diffraction particle
sizing. Applied Optics 30:33:4800-4817.
[3] Dobbins RA, Megaridis CM (1991) Absorption and scattering of light by polydisperse aggregates. Applied Optics 30:33:4747-4754.
[4] Burger DE, Jett JH, Mulloney PF (1982) Extraction of morphological features from
biological models and cells by Fourier analysis of static light scattering measurement. Cytometry 2:327-336, 1982.
[5] Schiffer Z, Keren-Tal I, Deutsch M, Dantes A, Aharoni D, Weinreb A, Tirosh R,
Amsterdam A (1996) Fourier analysis of differential light scattering for the quantitation of FSH response associated with structural changes in immortalized granulosa
cells. Molecular and Cellular Endocrinology 118:145-153.
[6] Keren-Tal I, Dantes A, Sprengel R, Amsterdam A (1993) Molecular and Cellular
Endocrinology 95:R1-R1O.
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The Dynamics of Intracellular Fluorescein Fluorescence Intensity and Polarization:
A Theoretical and Experimental Study
M. Sunray, M. Deutsch, M. Kaufman, R. Tirosh, N. Zurgil
Schottenstein Cellscan Center for Early Detection of Cancer, Physics Department,
Bar-llan University, Ramat-Gan 52900 ISRAEL
Kinetic measurement of fluorescence intensity (FI) and fluorescence polarization (FP)
of individual fluorescein (F) stained cells were performed using the Cellscan apparatus.
The Cellscan apparatus, equipped with a newly developed software, uniquely designed
for the long-term observation of individual cells, while they are being exposed to a variety of biological manipulations. Thus, elimination of undesired cells, cell population sub
groupings and individual cell follow up can be carried out, based on criteria connected
to FI, FP or both. In this work, a theoretical model was developed describing the time
dependence of intracellular FI and FP. The theory is based on a cell model consisting of
watery regions and binding site regions. The first yield null FP values while the latter high
FP values. The intracellular staining with F is done via fluorescein diacetate (FDA), a non
fluorescent derivative of fluorescein, which penetrates the cells, where it is hydrolyzed by
internal esterases and converted into F. The F is partially accumulated in the cell due to
its extra negative charge to its binding. It is assumed that intracellular staining rate depends on FDA concentration while binding rates of F to binding sites and leakage rate of
F out of the cell, depends correspondingly on the number of free binding sites and on the
intracellular non bound F concentration. The comparison between the results obtained experimentally and theoretically show good agreement. Finally, experimental results show
differences in kinetics of the FI and FP obtained on cells following incubation with and
without mitogens.
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Autoresonant Excitation and Control of Nonlinear Waves
L. Friedland
Racah Institute of Physics
Hebrew University of Jerusalem, Jerusalem 91904, Israel
It is shown that a large class of multidimensional nonlinear waves can be excited and
controlled in adiabatically varying systems driven by an externally launched pump wave.
The excitation proceeds as the pump wave excites a daughter wave via the usual linear
mode conversion process involving the trapping into the resonance, while later, as the
daughter wave becomes nonlinear, it evolves being phase locked with the pump wave in
an extended region of space and/or time despite the variation of system parameters. This
automatic phase locking (autoresonance) has its roots in a similar adiabatic resonance
problem in nonlinear dynamics and yields a possibility of shaping the parameters of the
nonlinear wave by varying the nonuniformity and/or time dependence of the parameters
of the system. The multidimensional theory of the autoresonance for driven nonlinear
waves is developed on the bases of the averaged variational principle and is illustrated by
an example of a driven Sine-Gordon equation. The generalization of the theory describing
the self-consistent evolution of the pump wave will be also discussed.
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Stationary Plasma Thruster Modeling
A. Fruchtman1. J. Ashkenazy2, Y. Raitses2, N.J. Fisch3
1

Center for Technological Education Holon, 58102 Holon, Israel
2
Soreq NRC, Yavne 81800, Israel
3
PPPL, Princeton, NJ 08543, USA

The Stationary Plasma Thruster (SPT), also called Hall thruster [1, 2], is an electric
accelerator that has a specific impulse (average particle velocity) and thrust (momentum
flux) which make it very suitable to certain space applications. It also has a potential for
industrial applications. A laboratory model Hall thruster is currently being successfully
operated at Soreq [3].
In the Hall thruster a voltage is applied across a plasma. A magnetic field is applied
perpendicular to the electric field impeding the electron motion between the electrodes.
Parameters can be adjusted so that, as a result of the reduced electron mobility, the discharge current is almost equally divided between ion and electron currents.
In order to use the Hall thruster for various applications it is necessary to know the
scaling of both the thrust and the efficiency with the discharge parameters (geometry,
magnetic field profile, mass flow rate, applied voltage, etc.). We have developed a simple model for describing the plasma dynamics in the Hall thruster. The dynamics of the
collisionless unmagnetized ions is described in a kinetic form, while the magnetized electrons are described as a fluid. We write the set of integro-differential equations in a form
of pressure balance, a form that is amenable to a direct numerical solution. Assuming
quasi-neutrality we show analytically how, by specifying the magnetic field profile, we
can optimize the efficiency of the thruster.
Finally, we discuss possible industrial applications of the Hall thruster configuration.
[1] Robert. G. Jahn, "Physics of Electric Propulsion" (McGraw-Hill, New York, 1968),
Chap. 8.
[2] A. I. Morozov, Yu. V. Esipchuk, G. N. Ticinin, A. V. Trofinov, Yu. A. Sharov, and
G. Ya. Shahepkin, Sov. Phys. Tech. Phys. 17, 38 (1972).
[3] J. Ashkenazy, Y. Raitses, and G. Appelbaum, AIAA-95-2673, in the 31" 1 Joint
Propulsion Conference, San Diego, CA, USA, 1995.
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Scaling of the Rayleigh-Taylor Instability Nonlinear Evolution in Ablatively Driven
Inertial Fusion
P. Oron. U. Alon, D. Ofer and D. Shvarts
Physics Department, Nuclear Research Center Negev, P.O.Box 9001, Beer-Sheva, Israel
A theoretical model for the ablatively driven Rayleigh-Taylor instability single mode
and multi-mode mixing fronts are presented. The effects of ablation are approximately
included in a Layzer-type potential flow model[l], yielding the description of both the
single mode evolution and the two bubble nonlinear competition. The ablation stabilization of the linear growth rate obtained in the model is similar to the Takabe formula[2].
The single bubble terminal velocity is found to be reduced by ablation, in good agreement
with numerical simulations. Two bubble competition is than calculated, and a statistical
model for multi-bubble fronts is presented[3]. The asymptotic ablation correction to the
classical RT alpha*gt2 law is derived. The effect of this correction to the ablation front
mixing zone evolution in an IF target and its effect on the allowed in-flight aspect ratio is
presented.
[1] J. Hecht, U. Alon, D. Shvarts, Phys. Fluids 6,4019 (1994).
[2] H. Takabe , L. Montierth, R. L. Morse, Phys. Fluids 26,2299 (1983).
[3] U. Alon, D. Shvarts, D. Mukamel, Phys. Rev. E 48,1008 (1993); U. Alon, J. Hecht,
D. Ofer, D. Shvarts, Phys. Rev. Lett. 74, 534 (1995); D. Shvarts, U. Alon, D. Ofer,
R. L. McCrory, C. P. Verdon, Phys. Plasmas 2, 2465 (1995).
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Spectroscopic Investigations of the Time Dependent 2D Magnetic Field
Distributions in High-Current Carrying Plasmas
R. Arad1. A. Weingarten1, R.R. Shpitalnik2, K. Gomberoff3, Ya.E. Krasik4, A.
Fruchtman1, M. Sarfaty5, K. Tsigutkin1, and Y. Maron1
l

Faculty of Physics, Weizmann Institute of Science, Rehovot 76100, Israel
2
Plasma Group. NRC, Israel
3
Rafael. Israel
4
Phys. Dept. Technion, Haifa
5
University of Wisconsin, Madison, WI

We are studying the interaction of strong fast-rising magnetic fields with plasmas in
the density range 1014 — 1015 cm" 3 . In this study we address problems such as magnetic
field penetration into plasmas, development of magnetic shocks, ion and electron flow
under the fields, plasma instabilities, ionization processes in high-current carrying plasmas, and the effect of electrode phenomena on the 2D magnetic field distribution. This
subject has various applications including switching of high currents to various loads for
achieving pulse shortening, power multiplication, or inductive energy storage for the use
in the production of particle beams, strong microwave pulses, and dense plasmas. To
study these phenomena we are conducting experiments in two different time scales and
densities in a geometry called Plasma Opening Switch (POS). One experiment (/xs-POS)
is of planar geometry and conducts a peak current of 180 kA during 400 ns before opening
to an inductive load within 90 ns. The POS region is pre-filled with a 1015 cm" 3 plasma
from a flashboard. The second experiment (ns-POS) is coaxial and conducts a current of
135 kA for ss 50 ns before opening to a 20 nH inductive load within 30 ns. Spectroscopic
measurements of the Zeeman profile [1] are used to determine the magnetic field distribution as a function of time in both experiments. Measurements local in 3D are obtained by
doping the plasma with various species and observing the characteristic emission of the
doped particles. In the /iS-POS He is seeded by injecting a molecular beam through holes
in the cathode while in the ns-POS Ball ions are seeded using laser evaporation of barium
deposited on the anode. The results show fast magnetic field penetration into the plasma
at velocities 1 x 108 and 4 x 107 cm/s in the ns and (j,s POS, respectively, and reveal the
2D magnetic structure. An analytical model, based on electron magnetohydrodynamics,
was developed for the ns-POS. The model combines the effects of the cylindrical geometry and the measured plasma density and yields results that are consistent with the time
dependent 2D structure of the magnetic field. Problems of the ion flow, electron heating,
ionization processes, and energy dissipation will be discussed.
[1] M. Sarfaty, R. Spitalnik, R. Arad, A. Weingarten, Ya.E. Krasik, A. Fruchtman, and
Y.Maron, Phys. of Plasmas 2 (6), 2583, (1995)

143

IL9706278
Plasma and Space Physics

Contributed

Effect of Electron-Ion Collisions on Dielectronic Recombination of Ni-Like Ions
E. Behar. R. Doron, A. Peleg, P. Mandelbaum and J.L. Schwob
Racah Institute of Physics
Hebrew University of Jerusalem
A model for evaluating dielectronic recombination (DR) rate coefficients, including
the secondary processes: nonresonant radiative stabilization [1 ], cascades to autoionizing
levels, direct collisional ionization, and mixing of inner-shell excited levels by inelastic
collisions, is presented. The influence of these processes on DR and their dependence on
Z are demonstrated by level-by-level relativistic calculations of DR cross sections and rate
coefficients for Ni-like tungsten, barium, and krypton in the ground state. For showing the
effect of electron collisions on DR the most important DR channel, namely the low lying
inner-shell excited Cu-like configuration complex 3<PAl4l' is taken as an example. This
complex gives the dominant contributions to the total DR rate coefficients at low electron
temperature, and is still expected to give major contributions at higher temperature. Some
partial contributions to the DR rate coefficients are even found to rise dramatically at very
low electron temperature, a feature that has been observed experimentally for lighter ions.
The results show that the role of nonresonant radiative stabilizations is generally minor. The effect of electron collisions with the inner-shell excited ions is found to influence
the DR rate coefficient only at relatively high electron densities, greater than 102Ocm~3
for most cases. In the tungsten case at an electron density of 1023cm~3 these collisions
enhance the DR rate by a factor of 2.
[1] E. Behar, P. Mandelbaum, J.L. Schwob, A. Bar-Shalom, J. Oreg, and W.H. Goldstein, Phys. Rev. A52, 3770 (1995); A54, 3070 (1996).
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Radiation of Langmuir Solitons
V.I.Karpman and H.Schamel

Racah Institute of Physics
Hebrew UniversityJerusalem 91904, Israel
and
Physikalisches Institut, Universitat Bayreuth, D-95440 Bayreuth.Germany
It is shown that a Langmuir soliton radiates backward a small-amplitude ion acoustic
wave having the same phase velocity. To describe this effecUt is essential to take into
account the dispersion of the ion acoustic wave due to the charge separation. The ampltude of the radiated wave is beyond all orders of perturbation theory.Slowing down and
attenuation of the soliton caused by the radiation are calculated. The observed in numerical simulations stationary "dressed" Langmuir solitons, consisting of a soliton core and
periodic wave trains on both sides of it, are explained as a result of radiation and simultaneous absorption of the resonant waves, having the phase velocity equal to that of the
soliton. The full paper has been published in "Physics of Plasmas" (1997) 1.
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Propagation and Stability of Strong Shocks in Gases
M. Mond and I. Rutkevich
Department of Mechanical Engineering
Ben-Gurion University of the Negev
Beer-Sheva 84105, Israel
The structure and stability of strong shocks in cold monatomic inert gases are investigated. The steady-state structure of strong shocks are studied by constructing their
Hugoniot curves. This is carried out by including in the energy equation, terms that represent the energy losses due to ionization and excitation of electronic levels. The problem
of shock wave stability was first formulated by Dyakov [1] and Kontorovich [2] who
derived the criteria for corrugation instability of the shock's front as well as for spontaneous emission of small perturbations from the shock's front. Applying the DyakovKontorovich criteria to shocks in perfect polytropic gas results in absolute stabilty. However, throughout the last two decades, various experiments demonstrated irregular features
of the flow behind strong ionizing and dissociating shocks for Mach numbers bigger than
some threshold [3,4]. It has only recently been shown [5] that such irregularities are due
to spontaneous emission of acoustic as well as entropy-vortex waves from the shock's
front. Such a spontaneous emission occurs for perturbations whose frequencies allow the
thermal non-equlibrium between the electrons and the heavy particles (e.g the atoms and
the ions) behind strong ionizing shocks. Consequently, the clasical Dyakov-Kontorovich
criteria are modified with the aid of an appropriate two-fluid model. The modified criteria indeed predict that strong shocks spontaneously emit acoustic as well entropy-vortex
waves as their Mach number is increased beyond a certain threshold. The theoretical prediction of the latter is within reasonable agreement with the experimental observations.
An extensive parametric study is carried out in order to find domains of spontaneous
emission.
[1]
[2]
[3]
[4]

S.P. Dyakov, Zh. Eksp. Teor. Fiz. 27,288 (1954).
V.M. Kontorovich, Zh. Eksp. Teor. Fiz. 33,1525 (1957).
LI. Glass and W.S. Liu, J. Fluid Mech. 84,55 (1978).
T.J. Mclntyre, A.F.P. Houwing, R.J. Sandeman and H.A. Bachor, J. Fluid Mech.
227,617(1991).
[5] M. Mond and I. Rutkevich, J. Fluid Mech. 275, 121 (1994).
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Recent Advances in the Study of Comets
M. Podolak
Department of Geophysics and Planetary Sciences
Tel Aviv University, 69978 Tel Aviv, Israel
Comets are simply kilometer-sized parcels of ice and dust. Yet they nonetheless are
objects of great interest for the astrophysicist. We now believe that the planets were
built from planetesimals very much like comets in size and composition. Indeed, because
comets spend so much of their time far from the sun, they have remained close to their
original state in terms of structure and composition. If we were to unravel that composition, it would give us important clues to the state of the solar system near the time of
its birth [4]. Another reason for the interest in comets is that they exhibit such varied
behavior. How can a relatively simple object be made to display such a broad range of
characteristics.
It is only in the last decade or so that theoretical models have begun to include enough
of the relevant physics so that they can begin to reproduce the observations. I will outline
a number of these processes. The first is simply the heating of water-ice as the comet
approaches and recedes from the sun. A second process involves a phase change in the
ice. At low temperatures water vapor condenses as amorphous ice, while at higher temperatures it transforms to a crystalline structure. This transformation is exothermic, and
can contribute to observed cometary outbursts[3]. Amorphous ice can trap other volatile
gasesfl] and these will be released when the ice transforms. An additional energy source,
that is important for the early history of a comet, is radioactive heating. This can lead to a
rearrangement of the volatiles inside the comet, and lead to activity when the comet first
re-enters the inner solar system.
More recently, models have begun to include the physics of flow through a porous
medium[2]. This means that not only the surface, but also the deeper parts of the nucleus
contribute to the gas emission. This gas not only helps determine the appearance of the
comet, but also contributes to the cooling of the interior. The pores also allow for the
passage of dust grains, and help determine which sizes of grain will get to the surface and
escape into the coma. This again affects the observed appearance of the comet.
I will present the results of models we have run including these different processes,
and show how the different parameters affect the comet's behavior. I will also indicate
how a determination of the composition, dust grain size, and porosity of the nucleus can
help us to better understand the conditions under which these objects formed.
[1]
[2]
[3]
[4]

A. Bar-Nun et al., Phys. Rev. B 35,2427 (1987).
Y. Mekler et al., Astrophys. J. 356, 682 (1990).
D. Prialnik and A. Bar-Nun, Astron. Astrophys. 258, L9(1992).
P. J. Thomas et al., Comets and the Origin of Life, Springer(l 996).
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TAUVEX- Short Wavelength Astronomy From Deep Space
J. Topaz1 and E. Almoznino3
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El-Op Ltd. Remote Sensing Operation
Tel Aviv University, Florence and George Wise Observatory

TAUVEX is an astronomical telescope operating in the UV which is being built by
El-Op Ltd. in conjunction with Tel Aviv University for the SRG international scientific
satellite. It will operate together with X-ray and Far UV telescopes, to image the sky
in spectral regions which are inaccessible from the Earth. Three co-aligned telescopes
with selectable filters in the range from 140 to 350 tun and Wedge & Strip Anode imaging photon-counting detectors provide high resolution images with high sensitivity. In
addition to mapping the sky in the UV, the tasks of TAU
VEX include acting as a monitor for the SODART X-ray instrument, time-resolved
photometry on selected objects and tracking a chosen star to help maintain pointing stability of the satellite over long exposures. Severe limitations on weight, size and power
consumption and the need for near-autonomous operation necessitated innovative solutions from the design engineers. The design considerations involved and the resulting
design will be described in the first part of the paper.
The second part describes the scientific merit of the TAUVEX instrument. Together
with the other instruments on board the SRG spacecraft a coverage of a large part of the
electromagnetic spectrum is achieved, from the UV (~3000 A) to gamma rays. Up to date
the amount of astronomical information in the UV is considerably less than that in other
spectral regions. This is mainly because other UV space-borne experiments either have a
very small field of view or are limited in their exposure time. The advantage of TAUVEX
in this aspect is described. TAUVEX will be able to detect objects to a magnitude of
~ 2\mag in the UV in a typical exposure of four hours. These include stars, galaxies
and quasars, which could be identified according to their UV color. A description is given
of the preparations for this project in Tel-Aviv University, including the creation of a UV
data bank. This is based on existing star catalogs extrapolated to the UV using data from
older generation UV satellites.
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Dynamics of Pickup Ions at the Structured Quasiperpendicular Shock
D. Zilbersher and M. Gedalin*
Department of Physics
Ben Gurion University, 84105 Beer Sheva, Israel
The pickup ion dynamics and mechanism of multiple reflection and acceleration at
the structured quasi-perpendicular supercritical shock are studied analytically and numerically, using the test particle analysis in the model shock front. The analytical treatment
of trapped ions allows to determine shock parameters controlling the pickup ion energy
gain. Tracing pickup ions through the electro-magnetic field profiles approximating the
observed structure of the quasi-perpendicular super-critical shocks, we study the details
of multiple reflection process. We consider the evolution of the pickup ion distribution
across the strong shock and analyze the features of the pickup ion spectra.
Slow pickup ions may be accelerated at the shock ramp to high energies. The maximum ion energy decreases when the angle &Bn between the upstream magnetic field
Bu and shock normal decreases, and is determined by the fine structure of the electromagnetic fields at the ramp, in particular, by the slope of the electric and magnetic field
profiles. Some internal substructure in the ramp may play the role of a narrow ramp and
so would enhance the acceleration.
The numerical analysis shows that the initial pickup ion shell distribution at the upstream edge of the ramp is transformed into the nearly-isotropic dense distribution which
consists of the directly transmitted and low energy reflected ions. The downstream accelerated pickup ions are situated on two hemispheres with the radius « Vu tan 8sn- The
accelerated ions, which escape upstream, form a low density irregular high energy distribution.
At the upstream edge of the ramp the spectra of the accelerated ions is nearly exponential. The downstream distributions reveal power spectra. The spectral index is almost
independent of the cross shock potential. The acceleration efficiency drops drastically
when the shock ramp becomes wider. The acceleration is also less efficient for heavy ions
than for protons.
[1] D. Zilbersher and M. Gedalin, Pick-up ion dynamics at the structured quasiperpendicular shock, Planet. Sp.Sci. (1997) (in press).

•The research was supported in part by the Binational Science Foundation under grant No. 94-00047
and Israel Science Foundation under grant No. 261/96-1.
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Low-Field-Side Simulation of Alfven Wave Current Drive in Tight Aspect Ratio
Tokamaks - A Resistive-MHD with Neoclassical Conductivity Effects, Optimization
Study
C.Bruma, S.Cuperman and K.Komoshvili
School of Physics and Astronomy, Tel Aviv University
RamatAviv, 69978 Tel Aviv, Israel
The generation and optimization of Alfven Wave Current Drive (AWCD) in the lowfield-side of a low-aspect-ratio tokamak, A = ajRo = 0.7, with neoclassical conductivity, are thoroughly investigated. For this, consistent equilibrium profiles, corresponding
to an Ohmic START discharge are used; thus, shear and toroidicity effects are properly
accounted for; this is reflected in the shift and deformation of Jb|| leading to the variation
of the speed of the wave and corresponding consequences.
The full (E\\ ^ 0) solution of the wave equation - with elements of the dielectric tensor
including neoclassical conductivity effects - is obtained by the aid of a high order precision numerical code. The AWCD evaluation, based on the rf-field solutions, comprises
contributions associated with (wave) momentum transfer, helicity injection and plasma
flow; these, like the other items mentioned above, include neoclassical conductivity effects.
An extensive, systematic search for antenna parameters aimed to (i) maximize the total
AWCD for a given rf input power and (ii) shape the AWCD profiles such as to answer
various stability requirements is carried out and the results are analyzed and discussed.
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Alfven. Wave Current Drive in Tokamaks
with Aspect Ratio in the Range 1.05 < R/a < 10
S.Cuperman, C.Bruma and K.Komoshvili
School of Physics and Astronomy, Tel Aviv University
Ramat Aviv, 69978 Tel Aviv, Israel
Alfven Wave Current Drive (AWCD) in simulated low field side of tokamaks with
aspect ratio in the range 1.05 < R/a < 10 is considered within the framework of a
resistive MHD model; equilibrium profiles with appropriate shear and toroidicity effects
are used.
Upon solving the full-wave equation for a variety of antenna-launched parameters,
the following results are found to hold: (i) the generation of the three AWCD components
(i.e., momentum transfer, helicity injection and plasma flow) is demonstrated for the entire
range of relevant aspect ratio values; (ii) for the physical parameters considered in this
work, the helicity injection CD component dominates, the other (smaller) CD components
are comparable; (iii) in the case of small (large) aspect ratio configurations, the maximum
efficiency of AWCD increases (decreases) with increasing poloidal wave number, \m\
(m < 0), and with decreasing toroidal wave number, \n\ (n < 0); (iv) the radial distance of
the conversion layer is determined by the lower edge frequency of the Alfven continuum,
u>i,(e, T, m, n). Its value decreases with increasing aspect ratio and toroidal wave number
as well as with decreasing poloidal wave number.
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The 27-day Variation of Cosmic Rays in Connection With Inhomogeneous
Distribution of Solar Activity and With the Position of Interplanetary Neutral
Current Sheet
L.I. Dorman1 and J.F. Valdes-Galicia2
2

^Physical Dep. ofTechnion, Haifa 32000, Israel
Institute de Geofisica UN AM, 04510 Mexico D.F., Mexico

Based on daily data of the cosmic ray neutron intensity detected at Deep River we
determined the amplitude and phase of cosmic ray 27-day variation for each solar rotation
for periods during the ascending (1976-1978, 1986 1988) and descending (1982-1984,
1991-1993) phases of solar cycles 21 and 22. We compare the obtained results with
the 27-day variation of solar activity and with the evolution of the interplanetary neutral
current sheet tilt-angle.
The conclusion of our research is that 27-day cosmic ray variation is caused by at
least two mechanisms: one is well known (see review in [1], [2], [3] ) and is connected
with inhomogeneous distribution of solar activity on the solar disk (which leads to rotated
inhomogeneous modulation), and the second, as we suppose here, is caused by the rotation of the inclined interplanetary neutral current sheet and existing of transverse cosmic
ray gradients connected with the sheet (which leads to cosmic ray 27-day variation with
amplitude to be approximately proportional to the tilt-angle of this sheet).
[1] Dorman L.I., "Astrophysical and Geophysical Aspects of Cosmic Rays", In "Progress
in Cosmic Ray and Elementary Particle Physics", 7, North Holland Publ. Co., Amsterdam (1963).
[2] Dorman L.I., "Cosmic Rays: Variations and Space Exploration", North Holland Publ.
Co., Amsterdam (1974).
[3] Dorman L.I., "Variations of Galactic Cosmic Rays", Moscow University Press,
Moscow (1975).
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Cosmic Ray Anisotropies in the Interplanetary Space, Transport Parameters and
Density Gradient Distribution Functions
L.I. Dorman
Physical Dep. ofTechnion, Haifa 32000, Israel
Cosmic ray (CR) anisotropy is one of main characteristics of galactic CR. We will
show here that the observed CR anisotropy in the interplanetary space consists mainly
from two parts with different origin and different dependences from particle rigidity
and from interplanetary magnetic field (IMF). One part is produced by CR convectiondiffusion processes and does not depend from the direction of IMF; the other part is produced by CR drift processes and strongly depends from the direction of IMF. Both parts
are connected with CR gradients and parameters of CR propagation in the space. This
review paper contains research of some statistical properties of 3-dimensional, NorthSouth and ecliptic CR anisotropies in the interplanetary space, on determination by CR
anisotropy observation data transport parameters of CR propagation and distribution of
CR density gradients in the interplanetary space. We also separate the anisotropy on convection diffusion and drift parts and determine their properties in dependence of particle
rigidity from few GV up to 330 GV (found on the basis of CR observations for about 25
years by ground neutron monitors and underground muon telescopes). This review paper
will be publish in [1] and is based mainly on our original results obtained in the last few
years in cooperation with my former students Anatolii Belov, Evgenia Eroshenko, Victoria Oleneva, Yurii Rudnev (from IZMIRAN, Russia) [2], [3], [4], [5] and with Harjit
Ahluwalia (from University of New Mexico, USA) [6], [7], [8].
[ 1 ] Dorman Lev I., In 'Towards the Millennium in Astrophysics", ed. M.M. Shapiro and
J.P. Wefel, World Sci. Publ. Co, Singapore (1997).
[2] Belov A.V. et al., Proc. 22-th Intern. Cosmic Ray Conf., Dublin, 3, 457 (1991).
[3] Belov A.V. et al., Proc. 23-th Intern. Cosmic Ray Conf., Calgary, 4,641 (1993).
[4] Belov A.V. et al., Izvestia Ac. of Sci., Seria Phys., 57, No. 7, 44 (1993).
[5] Belov A.V. et al., Proc. 24-th Intern. Cosmic Ray Conf., Rome, 4, 1141 (1995).
[6] Ahluwalia H.S. and Dorman L.I., 1995a. Nuclear Physics B, Vol. 49A, p. 121.
[7] Ahluwalia H.S. and Dorman L.I., Proc. 24th Intern. Cosmic Ray Conf., Rome, 4,660
(1995).
[8] Dorman L.I and Ahluwalia H.S., Proc. 24th Intern.Cosmic Ray Conf., Rome, 4, 664
(1995).

153

Plasma and Space Physics

Poster

Expected Time-Variations of Neutron Monitor Counting Rate Caused by Cosmic
Ray Particle Energy Change in the Periods of Thunderstorms
L.I. Dorman
Physical Dep. ofTechnion, Haifa 32000, Israel
On the basis of our theoretical model of atmospheric electric field effect in the neutron monitor counting rate [1], [2], we calculate the expected cosmic ray time variations
in the periods of thunderstorms. We use published in literature observation data of atmospheric electric field in periods of thunderstorms which show very complicated distribution and very high value: according to [3], the charge of clouds on the altitude 7-12 km
can be reach the value about +24 coulomb, on the altitude 37 km -20 coulomb and some
down can be clouds with charge +4 coulomb. The rate of charge generation is about one
coulomb.km~3.min~1. According to these data before lightning the strength of field can
be about million volts per meter.
Obtained results are discussed and it is shown that CR observations can be used to
obtain some additional information on atmospheric electric field phenomenon.
[1] Dorman L.I. and Dorman I.V., Canadian J. of Physics, 73, 440 (1995).
[2] Dorman L.I. et al., Proc. 24-th Intern.Cosmic Ray Conf., Rome, 4,1164 (1995).
[3] Wallace J.M. and Hobbs P.V., "Atmospheric Science", Academic Press, New York,
San Francisco, London, (1977).
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Barometric Effect of Cosmic Ray Neutron Component at Mexico City: Comparison
With Other Stations and Dependence of Barometric Coefficient From Altitude,
Cut-Off Rigidity and Level of Solar Activity
L.I. Dorman1, M. Rodriquez2 and J.F. Valdes-Galicia2
1

2

Physical Dep. ofTechnion, Haifa 32000, Israel
lnstituto de Geofisica UN AM, 04510 Mexico D.F., Mexico

On the basis of experimental data of cosmic ray intensity as measured by Mexico City
neutron monitor (altitude 2240 m above sea level) by comparison with neutron monitor
data of some other stations we determined by the multi regression analysis the barometric
coefficient of neutron component with taking into account its dependence from altitude
and cut-off rigidity of station as well as possible dependence from the level of solar activity (caused the change of primary cosmic ray spectrum). On the basis of obtained results
we estimate approximately the partial barometric coefficient for integral multiplicity of
cosmic ray neutron component and compare with expected from theoretical calculations
of meson-nuclear cascade in the atmosphere [1]. We determine also the expected change
of barometric coefficient at Mexico City and on some other stations caused by the great
time-variations of cut-off rigidity (of short-term type in the periods of main phase of
great geomagnetic storms and long-term type caused by secular variations of internal geomagnetic field according to trajectory calculations with taking into account penumbra
effect [2]) and by great time-variations of primary cosmic ray spectrum (in the periods
of Forbush- decreases and ground solar cosmic ray events). Obtained results we compare
with published in literature and use for correction of observation data.
[1] Dorman L.I., "Cosmic Ray Meteorological Effects", Nauka, Moscow (1972)
[2] Dorman L.I., R.T. Gushchina, M.A. Shea and D.F.Smart, "Cosmic Ray Effective
Rigidities", Nauka, Moscow (1972)
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On the Changing of Cosmic Ray Propagation Parameters During the Solar Cycle
and Expected Heliosphere's Terminal Shock Wave Moving From the Minimum to
Maximum of Solar Activity
L.I. Dorman
Physical Dep. ofTechnion, Haifa 32000, Israel
On the basis of investigation of cosmic ray-solar activity hysteresis phenomenon [1]
by data of neutron monitor world-wide network, stratospheric and space probe cosmic
ray measurements as well as solar activity (monthly average data of sunspot numbers)
and solar wind data (monthly average data of total interplanetary magnetic field, of solar
wind speed and solar wind plasma density) for 1965-1990 we determine approximately
the expected change of cosmic ray propagation parameters and position of terminal shock
wave during the solar cycle. The testing of obtained results we made by using cosmic ray
and solar activity monthly data for 1954-1965.
[1] Dorman L.I., "Variations of Galactic Cosmic Rays", Moscow University Press,
Moscow (1975).
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The Event of 24 May 1990 and the Problem of Solar Neutron Propagation Through
the Earth's Atmosphere: Does the "Refraction" Effect Exist?
L.I. Dorman1, J.F. Valdes-Galicia2 and M. Rodriquez2
1

2

Physical Dep. ofTechnion, Haifa 32000, Israel
Institute de Geofisica UN AM. 04510 Mexico D.F.. Mexico

The published in literature and obtained in Mexico City experimental data on the
greatest solar neutron event of 24 May 1990 detected by many neutron monitors gives
the value of intensity increase relative to galactic cosmic ray intensity. To obtain absolute
values of solar neutron intensity changing in dependence of altitude and zenith angle of
the Sun we recalculate all available experimental data with taking into account the type
of detector (according to [1], [2]) as well as the change of galactic cosmic ray intensity in
dependence of altitude and cut-off rigidity by using Dorman's analytical approximation
for neutron component coupling function [3], [4], with parameters determined by Stoker
[5]. After this procedure the attenuation length of solar neutrons in the assumption of
straight-ahead transport from the Sun through the atmosphere reduces from unreasonable
great value of 208 g/cm2 (as it was obtain in [1], [2]) to 149 g/cm2. The obtained
value still contradicts with data on neutron cross sections [6]. Then we take into account
the "refraction" effect in solar neutron propagation through the atmosphere according
to [7] and the attenuation length reduces to unreasonable small value of 72 g/cm2 (in
contradiction with calculations of Shibata [6] obtained for attenuation length about 110

g/cm2).

Our simulation and analytical approximation to the problem of solar neutron scattering
and attenuation in the Earth's atmosphere (see reports on this Meeting) for different initial
zenith angles and different observation levels surmounts this contradiction and shows that
the "refraction" effect in solar neutron propagation exists but it is not constant; it increases
significantly with increasing zenith angle and decreases with increasing of the atmosphere
depth.
[1]
[2]
[3]
[4]

Pyle K.R. et ah, Proc. of 22-nd Intern. Cosmic Ray Conf., Dublin, 4, 369 (1991).
Shea M.A., Geophys. Res. Lett., 18, 829 (1991).
Dorman L.I., "Cosmic Ray Meteorological Effects", Nauka, Moscow (1972)
Dorman L.I., "Experimental and Theoretical Principles of Cosmic Ray Astrophysics
and Geophysics", Fizmatgiz, Moscow (1975)
[5] Stoker P.H., Space Sci. Rev., 73,327 (1995).
[6] Shibata S., J. Geophys. Res., 99, No. A4,6651 (1994).
[7] Smart D.F. et al., Proc. of 25-th Intern. Cosmic Ray Conf., Rome, 4,171 (1995).
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Auto-Model Solution for the Nonstationary Problem Described the Cosmic Ray
Preincrease Effect and Forbush-Decrease
L.I. Dorman
Physical Dep. ofTechnion, Haifa 32000, Israel
On the basis of Fokker-Plank equation with a boundary condition on the moving
boundary (shock wave from the great flare) we obtained auto-model solution for nonstationary problem described the cosmic ray behavior before the interplanetary shock wave
(cosmic ray preincrease effect) and after (cosmic ray Forbush-decrease). For this aim we
transform the initial equation of partial derivatives from three variables (time, distance
from the Sun and particle rigidity) to the ordinary differential equation of the second order from one auto-model variable. It gives a possibility to obtain an analytical solution for
the problem with moving boundary (with conditions of continuity of cosmic ray density
and equality of cosmic ray fluxes from both sides of the moving boundary) and describe
in the first approximation the developing in time of the cosmic ray preincrease effect and
Forbush-decrease in dependence of the shock wave speed and solar wind speed as well as
values of diffusion coefficients before and after shock wave. This research develops our
previous investigation [1] was made in cooperation with my student M.B. Bagdasaryan
many years ago and dedicates to his memory.
[ 1 ] Bagdasaryan M.B. and Dorman L.I., Proc. of 16-th Intern. Cosmic Ray Conf..Kyoto,
12, 165(1979)
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On the Expected Cosmic Ray Intensity Global Modulation in the Heliosphere in the
Last Several Hundred Years
Lev I. Dorman
Physical Dep. ofTechnion, Haifa 32000, Israel
On the basis of investigation of cosmic ray-solar activity hysteresis phenomenon in
dependence of cosmic ray rigidity for the last few solar cycles we determined the main
parameters of cosmic ray intensity modulation in the Heliosphere in dependence from
particle rigidity and its connection with solar activity with taking into account variation
of Heliosphere1 s dimension and time-lag effects.
The testing of obtained results was made by the using cosmic ray and solar activity
data for other last solar cycles. Then we use solar activity data for several hundred years
(including periods of Mounder and other long-term solar activity minimums) to obtain
information on expected time variations of the Heliosphere dimension and parameters of
cosmic ray modulation as well as on cosmic ray solar cycle and cosmic ray long-term
intensity variations in dependence of particle rigidity.
We use obtained results to calculate expected variations for several hundred years of
radiocarbon contents in annual tree rings with taking into account radiocarbon coupling
functions and parameters characterized the global mixing and exchange of elements on
the Earth according to [1], [2].
[1] Dorman L.I., "Radiocarbon coupling coefficients and the functions of cosmic ray
"response" in C 14 ". Proc. of 15-th Intern. Cosmic Ray Conf.,Plovdiv, 4, 369-391
(1977).
[2] Dorman Lev I., "Cosmic rays and cosmogenic nuclides, 2. Radiocarbon method and
elements global mixing and exchange on the Earth", In 'Towards the Millennium in
Astrophysics", ed. M. Shapiro and J. Wefel, World Sci. Publ. Co, Singapore (1997).
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High Rigidity Cosmic Rays-Solar Activity Hysteresis Phenomenon and Dimension
of Modulation Region in the Heliosphere in Dependence of Particle Rigidity
Lev I. Dorman
Physical Dep. ofTechnion, Haifa 32000, Israel
On the basis of high rigidity cosmic ray data obtained by middle and low latitude
neutron monitors and muon telescopes as well as solar activity data for 5 solar cycles
the cosmic ray - solar activity hysteresis phenomenon is investigated (see review and
theory of this phenomenon in [1], [2], [3]). Obtained results show that by high rigidity
cosmic ray particles can not be determined the distance from the Sun to the terminal shock
wave. With these particles can be determined only the effective dimension of modulation
region in the Heliosphere in dependence of particle rigidity (which is sufficiently smaller
than the dimension of the Heliosphere). This effective dimension of modulation region
decreased with cosmic ray rigidity increasing. High rigidity cosmic ray particles don11
feel the situation out of modulation region up to the terminal shock wave but its global
time variation contains an important information on the cosmic ray diffusion coefficient
distribution in the inner Heliosphere and connection with solar activity.
[1] Dorman L.I., "Variations of Galactic Cosmic Rays", Moscow University Press,
Moscow (1975).
[2] Dorman L.I., "Cosmic Ray Modulation", Nuclear Physics, B228,21-45 (1991)
[3] Dorman L.I., "Cosmic ray nonlinear effects in space plasma, 2. Dynamic Heliosphere". In "Currents in High Energy Astrophysics" (ed. M.M. Shapiro, R. Silberberg and J.P.Wefel), Kluwer Ac. Publ., Dordrecht /Boston /London, NATO ASI Serie, 458,193 208(1995).
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Low Rigidity Cosmic Rays-Solar Activity Hysteresis Phenomenon, Cosmic Ray
Propagation Parameters and Average Dimension of the Heliosphere
Lev I. Dorman
Physical Dep. ofTechnion, Haifa 32000, Israel
On the basis of low rigidity cosmic ray intensity data obtained for the last several
solar cycles by high latitude ground-based neutron monitors and by stratospheric and
space probe measurements of cosmic rays as well as solar activity and solar wind data
the hysteresis phenomenon (see review and theory of this phenomenon in [1], [2], [3]) is
investigated for several suppositions on cosmic ray diffusion coefficient connection with
solar activity and distribution in the Heliosphere. By comparison of expected cosmic
ray - solar activity hysteresis with observed one we determine in the first approximation
the average for the solar cycle dimension of the Heliosphere and cosmic ray propagation
parameters as well as expected cosmic ray intensity out of the Heliosphere in dependence
of particle rigidity.
The results obtained separately for odd and even solar cycles are compared and discussed in the frame of model of cosmic ray convection-diffusion propagation in the Heliosphere with taking into account drift effects.
[1] Dorman L.I., "Variations of Galactic Cosmic Rays", Moscow University Press,
Moscow (1975).
[2] Dorman L.I., "Cosmic Ray Modulation", Nuclear Physics, B228, 21-45 (1991)
[3] Dorman L.I., "Cosmic ray nonlinear effects in space plasma, 2. Dynamic Heliosphere". In "Currents in High Energy Astrophysics" (ed. M.M. Shapiro, R. Silberberg and J.P.Wefel), Kluwer Ac. Publ., Dordrecht/Boston /London, NATO ASI Serie, 458, 193-208(1995).

161

Plasma and Space Physics

Poster

Simulation of Solar Neutron Scattering and Attenuation in the Earth's Atmosphere
for Different Initial Zenith Angles
L.I. Dorman1,1.V. Dorman2, J.F. Valdes-Galicia3
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Physical Dep. ofTechnion, Haifa 32000, Israel
Institute of History of Science and Technology, Moscow
3
Instituto de Geofisica, UNAM, Mexico

We test the conclusion of Shibata [1] that the results of solar neutron propagation
through the Earth's atmosphere for some initial zenith angle of the Sun will be the same
as for vertical direction, but for the depth in direction to the Sun. Our simulation of
multi-scattering of neutrons on small angles with attenuation for different initial zenith
angles 0, 15, 30, 45,60 and 75 degrees for different depth of atmosphere shows that this
conclusion is not correct. The main cause of this is that the angle distribution of neutrons
crossed some level of atmosphere is symmetrical only for initial vertical arriving of solar
neutrons (in accordance with Shibata [1] calculations), but for inclined initial arriving
became sufficiently asymmetric and this asymmetry increased with increasing of initial
zenith angle. The asymmetry of angle distribution enhances the effect of solar neutron
"refraction". From our simulation follows that this effect is caused not by air density
gradient (as was supposed in [2]), but by the attenuation of neutrons. Our simulation
of solar neutron scattering and attenuation in the Earth's atmosphere for different initial
zenith angles and different observation levels shows that the "refraction" effect in solar
neutron propagation really exist but its value is not constant; it increases sufficiently with
increasing of zenith angle and sufficiently decreases with increasing of the atmosphere
depth.
[1] Shibata S., J. Geophys. Res., 99, No. A4,6651 (1994).
[2] Smart D.F. et al., Proc. of 25-th Intern. Cosmic Ray Conf., Rome, 4, 171 (1995).
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Continuum Spectroscopy of Non-Maxwellian Plasmas
V. Fisher, E. Klodzh, and Y. Maron Faculty of Physics, Weizmann Institute of Science,
Rehovot 76100
Deviations of electron energy distribution (EED) from Maxwellian were observed
in many space and laboratory plasmas. For example, beams of suprathermal electrons
were registered practically in every pulsed-power device where appropriate measurements
were performed. Anomalously large fraction of high-energy (suprathermal) electrons was
observed in plasmas penetrated by relativistic-intensity lasers. Although a few possible
acceleration mechanisms are considered in general, it remains unclear which of them is
responsible for formation of high-energy part of the EED in Z-pinches, plasma focuses,
and other devices of interest. This uncertainty causes another ones because a high-energy
part of the EED is responsible for charge-state composition of plasmas and abundance
of atomic levels with high excitation energy. Therefore, high-energy part of the EED is
responsible for hard part of emission in spectral lines and continuum which are commonly
used for inferring parameters of plasmas and determination of evolution scenario.
To study possibilities of spectroscopic diagnostics of time-dependent EED in plasmas,
we simulated emission from plasmas with various EEDs. We found that emission in
continuum above highest ionization potential of the plasma ions enables to determine
main features of high-energy part of the EED for plasmas penetrated by electron beams
or relativistic-intensity laser pulses.
We found that emission from plasma penetrated by electron beam enables to evaluate
a fraction of high-energy electrons and to determine mean energy E of beam electrons
and energetic width of the beam A. Besides that, one can easily distinguish an effect of
narrow (quasimonochromatic) beam from the effect of wide (A ~ E) beam, although
details of a shape of narrow beam are difficult to infer. Emission from plasmas penetrated
by wide electron beam enables to distinguish various types of asymptotic behavior of the
EED. We believe that analysis of continuum emission will allow to determine acceleration
mechanism which governs a formation of electron beams in pulsed-power devices.
We demonstrate that keV-energy-range electrons abundant in plasmas penetrated by
relativistic-intensity laser pulses may be associated with oscillations of all electrons in
laser beam electric field. Simulations show that emission of electrons which oscillate in
laser field may be easily distinguished from emission of hot plasma and plasma affected
by electron beam. It allows to check our hypothesis spectroscopically.
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Electron-Impact Excitation Cross Sections of Hydrogenlike Ions
V. Fisher1, V. Bernshtam1,1. Bray2, A. Goldgirsh1, Y. Maron1, Yu.V. Ralchenko1, and
L.A. Vainshtein3
1
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Weizmann Institute of Science, Rehovot 76100, Israel
The Flinders University of South Australia, Adelaide 5001, Australia
3
P. N. Lebedev Physical Institute, Russian Academy of Sciences

We present easy-to-use and accurate to better than 10% expression for n —* n' excitation cross sections of hydrogenlike ions with nuclear charge z > 5. This expression is
based on analysis of nl -* n'V cross sections computed by the convergent close-coupling
(CCC) and Coulomb-Born with exchange and normalization (CBE) methods. The CCC
method is used for all transitions with n < n' < 5 in He+, C 5 + , and Al12+. The CBE
method is used for all transitions with n < n' < 7 in C 5 + , Ne9+, Al12+, and Ar17+.
The nl —* n'V cross section exibit the following features:
(i) A scaling of the cross sections over z4 is very accurate for incident electron kinetic
energy x >• 1. Here the energy x is expressed in threshold units of the transition (with
x = 1 at the threshold). For x about unity, the cross sections related to z = 2,3, and 4
deviate from the scaling significantly.
(ii) Electron exchange is affecting the cross sections significantly in the energy range
x < 3. Effect of exchange is increasing with the multipole order | /' — / 1 .
(iii) Dipole (/' = / ± 1) contributions dominate over non-dipole ones in total n —> n'
cross sections. For example, the Is —• 2p cross section at x « 1 is larger than Is —• 2s
cross section by a factor of 4; with x the Is —* 2p cross section goes down slower than
Is —• 2s one (namely, as x~Hnx vs. a;"1), therefore total 1 —* 2 cross section is almost
exclusively due to the dipole channel.
(iv) For z > 5 and ' non-resonant' values of energy the CCC and CBE cross sections
usually agree with each other to better than 10%.
The n-*n' cross sections exibit the following features:
(i) For x » 1 the cross sections decrease with z as z~4. An accuracy of this scaling is
to better than 1%.
(ii) For x about unity an accuracy of the scaling is smaller and depends on z: the
scaling is accurate to within 5% for z = 10 -=- 26, and to within 10% for z = 6. For z < 6
a deviation from the z4-scaling is more significant, for example: 40% for transition 1 —• 2
in He+ and a factor of 3 for transition 5 -* 6 in He+.
(iii) For each z, an accuracy of the scaling is higher for larger transition energy.
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Ionization of Atoms and Ions Under Quasistatic External Electric Field
D. Fisher1, L. P. Pitaevskii2 and Y. Maron1
1

Faculty of Physics, Weizmann Institute of Science, Rehovot
2
Department of Physics, Technion, Haifa 32000

We present a general expression for the field ionization probability of atoms and ions
in quasistatic external electric field. In contrast to single-electron results known in publications [1,2], our expression is applicable to atoms and ions with any number of electrons
in the outer nl - subshell and with partially-filled inner subshell(s). Ionization probabilities are calculated using WKB approximation, therefore the results become exact in the
weak external field limit. It is shown that in certain cases field ionization probability
depends significantly on the total magnetic number Lz of an atom.
Based on the probabilities found, a highly accurate spectroscopic method is developed
for the determination of macroscopic electric field in plasma. The general expression obtained is also used to calculate field ionization probabilities for several states of some
atoms and ions that are of special interest for spectroscopic investigations. It is shown
that in turbulent electric fields F ~ 1O5...1O6 V/cm, typical for middle-size pulse-power
devices, field ionization affects significantly the populations of high excited states. Electric fields F > 107 V/cm are needed to cause significant field ionization from ground
states even of neutral atoms.
Our calculations were found to disagree significantly with previous ab initio calculations for the Lil 2p level [3]. Reasons for what we believe to be the error in the previous
calculations are discussed.
The asymptotic behavior of the radial part of the unperturbed one-electron wavefunction at large radii is discussed, and a proper way of its amplitude determination is described. Use of Hartree-Fock routines for that purpose, as well as the problem of relative
populations of possible final states for the fractional parentage case is discussed.
[1] B. M. Smirnov and M. I. Chibisov, Sov. Phys. JETP 22, 585 (1966)
[2] F. A. Ilkov, J. E. Decker and S. L. Chin, J Phys B 25,4005 (1992)
[3] C. A. Nicolaides and S. I. Themelis, Phys Rev A 47, 3122 (1993)
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Time Dependent Compression and Heating of an Imploding Z-Pinch Plasma
L. Gregorian, E. Kroupp, G. Davara*, V. Fisher and Y. Maron
Faculty of Physics, Weizmann Institute of Science, Rehovot 76100, Israel
We present a complete set of time and radius dependent parameters of the plasma
measured during the implosion phase of a gas-puff, 1 fis, 300 kA Z-pinch. We used highresolution spectroscopic measurements in the UV-visible range to determine the electron density and temperature (from Stark broadening, continuum radiation, and ionization
rates), the radial velocities of ions, the radial charge-state distribution across the plasma
shell, and the magnetic field and current density distributions (from Zeeman splitting).
The difference between the ion temperature and the electron temperature is shown to be
small. The experimental results allow for following trajectories of Lagrangian mass cells
and to observe plasma compression and heating, magnetic field evolution, and chargestate composition history in the cells. Experimental data are used to analyze (i) mass
leakage from the imploding plasma column; (ii) contributions of various plasma acceleration mechanisms (namely, gradients of thermal pressure and local j x B force); (Hi)
contributions of the various plasma heating mechanisms (namely, radial compression,
Joule heating, and heat transfer); (iv) radial propagation of the ionization front (ionization
wave) at a velocity higher than the ion velocity. This analysis is based on 1-D single-fluid
hydrodynamics equations and time dependent collisional-radiative codes for carbon and
oxygen plasmas.

'Present address: Rafael, Israel
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Behavior of a Hollow-Cathode discharge Device as a Powerful High-Frequency
Generator
S. Ish-Shalom, J. Felsteiner and Ya. Z. Slutsker
Department of Physics
Technion - Israel Institute of Technology, 32000 Haifa, Israel
We have obtained high-power RF oscillations in a resistive load installed in the external electrical circuit of a low-pressure magnetic-field-free hollow-cathode discharge
device. These RF oscillations have been shown to be due to a collisionless instability of
the cathode sheath [1]. This instability appears when the cathode-fall voltage exceeds a
certain value. This value corresponds to the voltage when the time taken for the ions to
cross the cathode sheath becomes approximately equal to the period of the RF oscillations. The power, efficiency and frequency ranges of these oscillations have been studied.
In the achievable frequency range of 15 - 110 MHz, this cold-cathode device produces
up to 40 kW of RF power with efficiency of up to 25%. The internal resistance of such
a device always remained within a convenient range of 20 - 40 Q. The RF pulse duration could be prolonged up to tens of /xs. The existence of two typical frequency regions
was found, namely a current-dependent frequency region and a current-independent one.
These two regions correspond to different current ranges, and a special transition value
of current density separates them. The way to optimize, improve and control the oscillator parameters has been studied for different cylindrical cathode sizes, sorts of gas and
cathode materials. Also the physical limitations of this kind of RF oscillators is shown.
[1] D. Arbel et al., Phys. Rev. Lett. 71, 2919 (1993); Appl. Phys. Lett. 66, 1193 (1995).
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Inertial Confinement Fusion Ignition Criteria, Critical Profiles and Burn Wave
Propagation using Self-Similar Solutions
R. Kishony, E. Waxman, D. Shvarts
Department of Physics
Nuclear Research Center Negev, P.O.B. 9001, Beer-Sheva, Israel
The ignition conditions, under which a thermonuclear bum wave propagates from an
initial hot spot, and the characteristics of the propagating bum wave are investigated using
a set of self-similar solutions. Although the self-similar solutions exists only for external
density profile that decreases as p^ ~ r ~ \ they are shown to provide natural ignition
criteria and critical profiles for more general density profiles. The concepts of Working
Lines (WLs), attractors of trajectories in the pR - T plane of propagating burn waves, is
introduced for density profiles p,^ ~ r~u. The WLs are found to be close and almost
parallel to the Ignition Line (IL). The distance of the WLs from the IL is given analytically
and shown to depend on all the physical processes involved. The spatial profiles of a bum
wave propagating on the WLs are shown to be closely related to the self-similar critical
profiles.
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Full Wave-Vlasov Analysis of Alfven Wave Current Drive
in Simulated Low Aspect Ratio Tokamaks
K.Komoshvili, S.Cuperman and C.Bruma
School of Physics and Astronomy, Tel Aviv University
RamatAviv, 69978 Tel Aviv, Israel
Alfven Wave Current Drive (AWCD) in low aspect ratio (A ~ 1) tokamaks (LART's)
is studied numerically. For this, the full-wave equation (E^ ^ 0) with a Vlasov-based
dielectric tensor is solved by relaxation techniques, subject to appropriate boundary conditions at the plasma center and at plasma-vacuum interface, as well as the concentric
antenna current sheet and at the external metallic wall.
A systematic study of the physical characteristics of the AWCD generated in a LART
when kinetic effects are considered is carried out. The analysis covers a wide range of
values of antenna parameters which, for the prescribed (START-like) equilibrium profiles,
enable conversion of fast magnetosonic waves into Alfven waves, leading, subsequently,
to generation of AWCD.

169

IL9706289
Plasma and Space Physics

Poster

Laser Imprint and Resulting Rayleigh-Taylor Growth in Planar Foil Experiments.
Results of Simulations and Theory.
D. Ofer, S. Skupsky, C.P. Verdon, D. Shvarts
Department of Physics
Nuclear Research Center Negev, P.O.B. 9001, Beer-Sheva, Israel
In direct drive Inertial Confinement Fusion (ICF), the growth of nonuniformities due
to the Rayleigh-Taylor (RT) Instability is a major source of concern. One of the important
sources of nonuniformities is the driving laser radiation. In this work we attempt to characterize the laser nonuniformities, and study the growth of their resulting perturbations in
the planar foil direct drive experiments. The benefits of smoothing the laser beam by one
dimensional and two dimensional SSD are also studied. It is shown that this smoothing is
not enough to ensure foil integrity throughout planned experiments, due to the very high
growth rates of the relatively short wavelength modes. We also explore some possibilities of lessening adverse effects of laser nonuniformities, either by reducing their imprint
amplitudes or by reducing the growth rates of the resulting modes by varying the foil
structure and composition.
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Calculation of Dielectronic Recombination Rate Coefficient for Ar-Like Tungsten
A. Peleg, E. Behar, R. Doron, P. Mandelbaum and J.L. Schwob
Racah Institute of Physics, Hebrew University of Jerusalem
Ab initio calculations of dielectronic recombination (DR) rate coefficient for Ar-like
W (W +56 ) were performed using the HULLAC code package. The present level-bylevel calculations include the contributions of the following Ar-like autionizing inner-shell
excited configuration complexes : 3p541n'l' (4 < ri < 17), 3s3p641nT (4 < ri < 12),
3p53dnT (8 < ri < 18), 3s3p63dn'l' (7 < ri < 18), 2s 2 2p 5 3j 2 3p 6 3dnT (ri < 5)
and 2s2p63s23p63dnT (ri < 5). Electron collisions after the initial capture have been
neglected. Altough the dominant contributions come from 3p541nT and 3p53dnT the
contributions of the other complexes cannot be neglected.
Extrapolation methods have been used for high values of n1 (ri —• oo). For the
complexes 3p541nT, 3s3p641nT and 3s3p63dnT the rate coefficients start to scale like
n'~3 from relatively low n1 values (10 < ri < 20) and the usual complex-by-complex
extrapolation procedure can be used. For these complexes the contributions of high 1values are negligible. In contrast, for the complexes 3p53dn' I1 the n'" 3 behaviour strats
at very high n' values (ri ~ 40), and therefore a level-by-level extrapolation metod is
needed. In addition, in these complexes configurations with high 1 contribute significantly
to the rate coefficients. In the few previous works on Ar-like ions these contributions were
neglected.
Finally, a comparison with the Burgess-Merts semi-empirical formula is given. At
low electron temperatures it greatly underestimates the rate coefficients. At high temperatures there is quite a good agreement with the detailed computations for the complexes
with a hole in the n-3 shell. For the other complexes the Burgess-Merts formula greatly
overestimates the rate coefficients at high temperatures.
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Experiments on the Richtmyer-Meshkof Instability
O. Sadot1, L. Erez1, G. Erez1, G. Ben-Dor1, L.A. Levin2, D. Shvarts2, U. Alon2 and D.
Oron2
x

Ben Gurion University, Beer Sheva
Nuclear Research Center - Negev, Beer Sheva

2

Experiments have been performed measuring the time development of shock-wave
induced turbulent mixing between two gases initially separated by a thin membrane. The
membrane was shaped so that the initial boundary was approximately sinusoidal. Experiments were performed for different wavelengths and amplitudes of the initial sine wave.
The experiments were repeated for different pairs of gases. Experiments were also performed with air on both sides of the membrane in order to determine the effect of the
membrane on the results. It was found that growth due to the Richtmyer-Meshkov effect
can be separated from membrane effects when the initial amplitude of the perturbation is
sufficiently large.
Bubbles and spikes were measured separately in both the linear and non-linear growth
regimes. The experimental results were compared with no adjustable parameters with
calculations based on a potential flow model [1] which describes the linear, early nonlinear and late asymptotic behavior of the bubbles. The spike behavior was deduced by
considering a simplified drag term [2]. Good agreement was found between experiment
and theory.In addition the experimental results of Aleshin et al. [3] were compared to the
theory. Here, too, good agreement was achieved.
In addition to the single-sinusoidal-mode experiments, two-mode experiments were
performed and analyzed. Bubble competition was identified for the first time in shocktube experiments. A comparison has been made between the experimental results of the
bubble competition, which determines the front evolution, and theoretical calculations.
[1] J. Hecht, U. Alon and D. Shvarts, Phys. Fluids 6,4019 (1994)
[2] U. Alon, J. Hecht, D. Ofer and D. Shvarts, Phys. Rev. Lett. 47,534 (1995)
[3] A.N.Aleshin, E.V. Lazereva, S.G. Zaitsev, V.B. Rozanov, E.G. Gamalii and I.G.
Lebo, Sov. Phys. Dokl. 53, 159 (1990)
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Latitude Survey of the Cosmic Ray Nucleonic Component During 1996-1997 From
Italy to Antarctica
G. Villoresi1, L.I. Dorman2, N. Iucci3. N. Zangrilli1, F. Signoretti1, F. Re1, M.I. Tyasto4,
O.A. Danilova4, M. Parisi3, N.G. Ptitsyna4, C. Signorini1
l

IFSIICNR-Frascati. Italy
Physical Dep. ofTechnion, Haifa 32000, Israel
3
Universita' degli Studi "Roma Tre". Dipartimento di Fisica "E. Amaldi", Via della
Vasca Navale 84, 00146 Rome, Italy
A
SPBfIZMIRAN, Muchnoy St. 2. Box 188,191023 St. Petersburg, Russia
2

During the 1996-97 australian summer, we operated a neutron monitor on board the
ship "Italica" of the Italian Antarctic Programme to record cosmic ray neutron intensities
in seas from Italy to Antarctica and back. The main purpose of the survey is to obtain
a reliable latitude curve of the nucleonic cosmic ray intensity to be utilized for studying
cosmic ray spectral changes over different time scales, from day to day till the solar cycle
time span. This survey provided a full coverage of cut-off rigidities and the possibility of
repeating the measurements at least twice at the same cut-off rigidities. We show a preliminary latitude curve of the cosmic ray nucleonic intensity. The data have been corrected
for atmospheric pressure variations by using the well known dependence of pressure coefficients with cut-off rigidity. Cut-off rigidities of vertically incident cosmic ray particles
have been calculated for every daily geographic location of the ship. These computations
have been done in two ways (see review in [ 1 ], [2]): (i) by using only internal sources and
(ii) by using also external sources. The main geomagnetic field from internal sources is
represented by Gaussian series with the IAGA90 coefficients up to n-10 extrapolated to
the epoch 1996. The magnetic field from external sources is represented by the magnetospheric magnetic field model developed by Tsyganenko [3]. It is still necessary to correct
the data for cosmic ray intensity changes occurred during the survey period, by the use of
the data of the neutron monitor station network.
[1] Dorman L.I., Tyasto M.I. and Smirnov V.I. "Cosmic Rays in the Magnetic Field of
the Earth", Fizmatgiz, Moscow (1971).
[2] Dorman L.I., "Cosmic Rays: Variations and Space exploration", North Holland
Publ. Co., Amsterdam (1974).
[3] Tsyganenko N.A., Planet, and Space Sci., 37,5(1989)
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Measurements of Plasma Density, Magnetic Field and Electric fields in a Plasma
Opening Switch
A. Weingarten, Ya. E. Krasik, and Y. Maron
Weizmann Institute of Science
We investigate a coaxial Plasma Opening Switch (POS) conducting 170 kA for 70 ns
and opening into an inductive load in 20 ns. The POS is pre-filled with plasma produced
by a Flashboard array before a negative current pulse (300 kV, 200 kA, 90 ns quarterperiod) is applied to the POS inner electrode.
The pre-frilled plasma was characterized using spectroscopy and electrical probes.
The plasma density determined from hydrogen line Stark broadening is 2 x 1014cm~3, an
order of magnitude higher than the value obtained by Faraday Cups and Langmuir probes.
Thus it is possible that the density in other POS experiments was higher than inferred from
electrical measurements. It was also observed that for various Flashboard configurations
a similar POS operation is obtained when the same density is reached, regardless of the
injection velocity. Thus, previously made scaling considerations, which claimed that th
plasma flux controls the threshold current, may have to be re-examined.
In order to obtain good 3D spatial resolution observe the line emission of various elements doped in the plasma using laser evaporation of material deposited on the electrodes.
All emission lines show fast decrease in the excited level population that is time-correlated
with the POS opening. Comparisons of various line intensities and atomic physics calculations show that this sharp decrease results from local drop in the electron density. The
drop in density propagates from the generator towards the load, and from the cathode to
the middle of the POS gap. Local Zeeman splitting measurements of Pbll lines are used
to determine the magnetic field and current distributions in the plasma. The mechanism
responsible for the POS opening is studied by correlating the time dependence of the
magnetic field and the local density.
Collective electric fields are investigated spectroscopically, using a recently developed
method [1] for analysis of Stark broadened line profiles. The electric field amplitude is
determined independent of the field frequency and the amplitude distribution function.
We also perform calculation of the line profile influenced by the non-thermal electric
fields in order to estimate the field amplitude and frequency from the line widths.
[1] S. Alexiou, A. Weingarten, Y. Maron, M. Sarfaty and Ya. E. Krasik, Phys. Rev. Lett.
75 (17), p.3126 (1995)
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Intermittency and Anomalous Scalings of Passive Fields Advected by Ibrbulent
Flow
T. Elperin, N. Kleeorin and I. Rogachevskii
Department of Mechanical Engineering, Ben-Gurion University of the Negev
One of the key problems of turbulent transport of passive scalar (e.g., concentration
and temperature field) is intermittency and anomalous scalings. These problems for scalar
and vector (magnetic) fields convected by a 3-D isotropic turbulent fluid flow were studied quite intensively in recent years. The anomalous scaling means the deviation of the
scaling exponents of the correlation function of a passive scalar from their values obtained by the dimensional analysis. For incompressible and isotropic 3-D turbulent flow
the anomalous scalings for scalar field can occur only for a forth-order correlation function. However the experiments demonstrate more stronger and pronounced intermittency
of passive scalar.
We have shown that a 3-D isotropic incompressible turbulence can be regarded as degenerate with respect to anomalous scalings of passive scalar [1]. We have demonstrated
that even in a weakly anisotropic 3-D turbulence the second moment of passive scalar
has anomalous scalings. The latter implies much stronger intermittency in passive scalar
spatial distribution then in the case of ideal isotropic 3-D turbulence. We have shown
also that the anomalous scalings for passive scalar advected by a 2-D isotropic turbulent
fluid flow appear already in the second moment. Unlike isotropic 3-D case the two-point
correlation functions of conserved properties of scalar and vector fields in 2-D turbulence
have anomalous scaling.
We discuss also a new mechanism for intermittency in spatial distribution of small
inertial particles advected by a turbulent incompressible fluid flow [2]. The mechanism is
related with self-excitation of fluctuations of concentration of small particles in a turbulent
fluid flow. The effect is caused by inertia of particles which results in divergent velocity
field of particles. We showed that the growth rates of the higher moments of particles
concentration is higher than those of the lower moments, i.e., particles spatial distribution
is intermittent. Similar phenomena occur for non-inertial admixtures advected by divergent turbulent velocity of fluid. Inertia of particles causes also formation of large-scale
inhomogeneous structures in a particles distribution advected by turbulent fluid flow with
a mean temperature gradient [3].
[1] T. Elperin, N. Kleeorin and I. Rogachevskii, Phys. Rev. Lett., submitted.
[2] T. Elperin, N. Kleeorin and I. Rogachevskii, Phys. Rev. Lett., 77, 5373 (1996).
[3] T. Elperin, N. Kleeorin and I. Rogachevskii, Phys. Rev. Lett., 76, 224 (1996).
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Absence of Self-Averaging and Universal Fluctuations in Critical Random Systems
A. Aharony and A.B. Harris
School of Physics and Astronomy, Tel Aviv University, Tel Aviv 69978
The distributions P(X) of singular thermodynamic quantities (e. g. the susceptibility
X). on an ensemble of d-dimensional quenched random samples of linear size L near
a critical point, are analyzed using the renormalization group [1]. For L much larger
than the correlation length f, we recover strong self-averaging (SA): P(X) approaches
a Gaussian distribution with relative squared width Rx = < (AX) 2 > / < X > 2 ~
(L/£)~d. For L «C £ we show weak SA (Rx decays with a smaller power of L) or no SA
(P(X) approaches a non-Gaussian, with universal L-independent relative cumulants),
when the randomness is irrelevant or relevant, respectively. Our results generalize the
Harris criterion [2], and explain recent numerical results by Wiseman and Domany [3].
Our results also confirm some heuristic arguments given by these authors. The above
results apply to many types of randomness, including random exchange, random fields
and random anisotropies.
[1] A. Aharony and A. B. Harris, Phys. Rev. Lett. 77, 3700 (1996).
[2] A. B. Harris, J. Phys. C7, 1671 (1974).
[3] S. Wiseman and E. Domany, Phys. Rev. E52,3469 (1995).
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Charged Polymers, Necklaces, and Loops in Random Walks
Y. Kantor1. M. Kardar2 and D. Ertas3
1

School of Physics and Astronomy, Tel Aviv University, 69978 Tel Aviv, Israel
Dept. of Physics, Massachusetts Inst. of Technology, Cambridge MA02139, USA
3
Physics Department, Harvard University, Cambridge MA02138, USA

2

Spatial conformations of randomly charged polymers (polyampholytes (PAs)) strongly
depend on their total (excess) charge Q. For Q = 0, PA assumes a dense (globular) conformation, which can be approximately described using Debey-Hiickel-type theory[l].
This description remains valid for charges smaller than QR = qo\^N, where q0 is the
elementary charge and N is the number of monomers in the polymer. As Q exceeds QR,
PA expands. The transition between the collapsed and the expanded states is reminiscent
of the Rayley shape instability of a charged drop [2,3].
The expanded states can be approximately described using necklace model[2], as a
chain of interconnected compact globules ("beads"). In its simple form, necklace model
is suitable to describe homogeneously charged polymers in a bad solvent[4], where the
necklace has a regular shape, i.e. all the "beads" have the same size. Randomness of the
charge sequence along the chain modifies the simple model creating wide distribution of
the sizes of the "beads", and, possibly, multiple low-temperature spatial conformations[5].
In a slightly oversimplified form the necklace model of a random PA can be formulated
as a mathematical problem of finding of a large neutral segment in a random sequence of
charges[6].
[1] P.G. Higgs and J.-F. Joanny, J. Chem. Phys. 94, 1543 (1991); J. Wittmer, A. Johner
and J.F. Joanny, Europhys. Lett. 24, 263 (1993).
[2] Y. Kantor and M. Kardar, Europhys. Lett. 27, 643 (1994); Y. Kantor and M. Kardar,
Phys. Rev. E51,1299 (1995); Y. Kantor and M. Kardar, Phys. Rev. E52,835 (1995).
[3] Y. Kantor, H. Li, and M. Kardar, Phys. Rev. Lett. 69, 61 (1992); Y. Kantor, M.
Kardar, and H. Li, Phys. Rev. E49, 1383 (1994).
[4] A. V. Dobrynin and M. Rubinshtein, J. Phys. II5, 677 (1995).
[5] N. Lee and S. Obukhov, preprint (1996).
[6] Y. Kantor and D. Ertas, J. Phys. A27, L907 (1994) and Phys. Rev. E52, 835 (1995).
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Cross- Link Induced Autophobicity in Polymer Melts: A re-Entrant Wetting
Transition
R. Yerushalmi-Rozen. T. Kerle, J. Klein
Dept. of Chemical Engineering, Ben-Gurion University, 84105 Beer-Sheva, Israel
Dept. of Materials and Interfaces, Weizmann Institute of Science, Rehovot, Israel
The wetting behavior of a thin film of a polymer melt on top of a cross-linked network
of itself was investigated. When the substrate is a non-crosslinked film made of the melt,
we observe complete wetting,as expected. A transition to partial wetting is observed at
intermediate cross-linking densities and higher cross-linking densities induce again complete wetting. We suggest that the first transition is due to the brush-like interactions between the surface of the net-work and the thin melt film, while the second transition results
from the roughening of the cross-linked surface. The phenomena were investigated using
Nuclear Reaction Analysis which provides information about the composition-depth of
the thin films, Optical Microscopy and Atomic Force Microscopy.
[1] A Recent review by Leger, L.; Joanny, J.F.Rep.Prog.Phys. 1992, 431.
[2] K. R. Shull, Faraday Discussions 98, 203 (1994).
[3] T. Kerle R. Yerushalmi-Rozen J. Klein Europhysics Letters, submitted for publication.
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Stresses in Amorphous Materials and Structural Buckling
Shlomo Alexander
Department of Chemical Physics
Weizmann Institute of Science 76100
The arrangement of the atoms in a solid amorphous material is rigid. As in crystals
the relative positions of the atoms are fixed for relatively long times and fluctuations in
these positions are small. Like the reference state for the lattice dynamics of crystals the
reference state of an amorphous process must therefore also obey the standard equilibrium
and stability conditions - no forces on the atoms and no instable vibrations.
The processes which create amorphous materials are however very different from the
nucleation and growth processes which produce crystals and for this reason the route to
stability and equilibrium must also be different. For crystals equilibrium and stability are
produced more or less automatically by the single-particle diffusional processes which
are responsible for the rearrangement of the atoms. In cointrast amorphous solids are produced by rapid quenching processes which suppress this rearrangement dynamics. This
tends to freeze-in the atomic configurations because the atoms are not allowed to reach
their preferred, energetically favored arrangements. The fact that this is the case is demonstrated by the Giauque "missing entropy" observed in thermodynamic measurements on
such materials.
We will argue that under these conditions the dominant process for reaching a stable
configuration must be structural buckling driven by stresses. Most of the - "initial" or
"possible" - atomic arrangements are not rigid. They describe stressed states with soft
internal shear modes. Structural buckling appears because the soft modes become unstable when compressional stresses act on them. The physics state in which the amorphous
material appears is the outcome of this internal structural buckling process.
Using a formalism which is sutable for the description of the lattice dynamics of amorphous materials we will show that this simple picture has many consequences and seems
to explain some of the most puzzling peculiarities of glasses.
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A Brief Overview of Sand Physics
Dov Levine
Department of Physics, Technion
The physics of granular materials, for which sand is the prototype, remains elusive
despite the ubiquity and the utility of these materials. One of the most intriguing issues is
the interplay between the static and the dynamic, which is peculiar to granular materials.
Granular materials exhibit shear rigidity, like a solid, but under sufficient applied stress,
may flow like a liquid. Unlike standard fluids, for which there exists a differential equation
for the velocity (the Navier Stokes equation for Newtonian fluids), for granular materials
the solid-like aspects must be taken into account, preliminary to a discussion of the flow.
Even these static properties present a serious challenge for physicists. The question
of closing the Newtonain equations of motion, which are otherwise indeterminate, is perhaps the central problem in the statics of granular materials. The traditional methods of
elasticity theory are not applicable, and must be replaced by constitutive equations. I will
discuss several proposals for constitutive relations and address the question of whether a
single constitutive equation is capable of describing the varied behavior of sand.

181

Statistical Physics and Nonlinear Dynamics

Invited

Shape of a Sandpile and Free-Surface Segregation: Model and Experiment
L. Prigozhin1 and H. Kalman2
1

Department of Applied Mathematics
Weizmann Institute of Science, Rehovot 76100, Israel
2
Department of Mechanical Engineering
Ben Gurion Universitw Beer-Sheva 84105, Israel
Let cohesionless granular material be poured out of a given source, which may be
distributed, onto an arbitrary surface below. We consider the following problems [1,2]:
I. Shape of a growing pile - A continuous quasistationary model of pile growth is
presented. The model is shown to be equivalent to an evolutionary variational inequality.
We find analytical solutions of this inequality describing real piles on flat open supports
and give examples of numerical simulation of pile growth. The model is able to account
for the multiplicity of metastable states and long-range interactions, typical of sandpiles
and some other spatially extended open dissipative systems. We discuss the generalization
of this model allowing for sudden collapses, such as sandpile avalanches.
II. Distribution of polydisperse material in a pile - The problem is of interest also in
case of fillings in silos and other industrial devices. Material distribution inside granular
bodies formed under various conditions can be predicted by means of a model in which
the material-independent transport equations account for all "external" conditions, such
as the problem's geometry and material source distribution. The segregation properties
of the material in the model can be characterized by a constitutive relation (operator of
segregation) which does not depend on these external conditions and can be determined
experimentally. Following this approach, we identified the operator governing size surface segregation of binary mixtures using the known experimental data on segregation in
a 2d pile growing under a point source. We used then the same constitutive relation to
predict radial size segregation of binary mixture in a rotating drum. Although the material of particles and problem1 s geometry are changed, a good agreement of theoretical
distributions with the obtained experimental data has been achieved without any fitting of
model parameters.
[1] L. Prigozhin, Phys. Rev. E49, 1161 (1994); Euro. J. Appl. Math. 7, 225 (1996).
[2] L. Prigozhin, Chem. Engng Sci. 48,3647 (1993); L. Prigozhin and H. Kalman, Phys.
Rev. E, submitted.
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Planform Selection in Non-Equilibrium Patterns
L.M. Pismen and B.Y. Rubinstein
Department of Chemical Engineering and
Minerva Center for Nonlinear Physics of Complex Systems,
Technion - Israel Institute of Technology, Haifa 32000, Israel
In many cases of interest, nonlinear problems of fluid mechanics, transport phenomena, elasticity theory, electrodynamics of continua, nonlinear optics in material media can
be reduced to representative equations belonging to one of universal classes. The reduction can be carried out either by exploiting the disparity of scaling in different directions,
or in the vicinity of critical values of parameters that mark a point of qualitative change
in behavior, e.g. transition from a quiescent state to convection, or from a homogeneous
to patterned state of a material medium.
The general structure of these equations can be often predicted by symmetry considerations. Rational derivation required for establishing quantitative relations between
their coefficients and parameters of underlying physical systems is repetitive and timeconsuming. It has been carried out in scientific literature on a case-to-case basis for a
limited number of systems.
We present Mathematica-based symbolic tools for nonlinear analysis of distributed
systems and their application to the problem of pattern selection in two representative
cases: a reaction-diffusion system and a nonlinear optical cavity. A variety of stationary
and wave patterns that show a complicated spatial structure but are ordered in the Fourier
space can be constructed by considering interaction of non-collinear modes near a symmetry breaking bifurcation point. The planform selection is particularly rich in the presence of resonant (phase-dependent) interactions among degenerate modes. This can be
realized in nonlinear optical cavities with a far greater ease than in conventional reactiondiffusion or convective systems. A specially designed symbolic computation package is
used to compute mode interaction coefficients and to construct amplitude equations that
determine the pattern selection.
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Vorticity Generation in Slow Cooling Flows: a New Paradigm for Turbulence?
B. Meerson. A. Glasner and E. Livne
Racah Institute of Physics, Hebrew University of Jerusalem, Jerusalem 91904
The most general mechanism of the vorticity production in nonadiabatic flows of ideal
compressible fluids relies on the misalignment of pressure and density gradients. Contrary
to common wisdom, this mechanism (which is called baroclinic) is operational not only
for transonic or supersonic flows, but also for slow flows. We show that vorticity production represents a generic and significant property of any slow nonadiabatic gas flow
[1]. As an example, we consider an initially irrotational conductive cooling flow (CF). A
perturbation theory for the vorticity generation is developed that employs, as a zero order
solution, a novel two-dimensional similarity solution. Full 2D-gasdynamic simulations
of this CF clearly demonstrate the vorticity generation and support the theory. The relevance of this problem to experiments with "hot channels" is discussed. These experiments
show a strong vorticity and turbulence in cylindrical CFs produced in the air by lasers or
electric discharges. In summary, CFs provide a new paradigm of turbulence which is
characterized by nonadiabaticity, strong compressibility and low Mach numbers.
f 1 ] A. Glasner, E. Livne and B. Meerson, Phys. Rev. Lett, (to appear).
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Deterministic Transport in Biased Maps: Crossover From Sub to Regular
Transport.
E. Barkai1 and J. Klafter2
1

School of Physics and Astronomy
2
School of Chemistry
Beverly and Raymond Sackler Faculty of Exact Sciences
Tel Aviv University, Tel Aviv 69978, Israel
Simple deterministic maps give a useful description and understanding of complex
motion with trajectories that resemble those observed in experiments (see [1] and refs.
therein). We investigate the influence of a weak uniform field e on chaotic diffusion
generated by iterating maps, which for the unperturbed case, produce anomalous diffusion
[2].
Trajectories which originate in the vicinity of the fixed points of the map are of special interest since they are responsible for the trapping which is the reason for the slow
dynamics that leads to subdiffusion. When e = 0 the probability density function if>(t) of
escape times from the vicinity of the fixed points of the map decays like a power law. We
prove analytically and observe numerically that when a field is switched, ij;(t) for long
times decays exponentially with a rate with a power dependence on the weak bias e. Thus
ip(t) is very sensitive to the external bias, when e = 0 some moments of t/>(i) do not exist
while when e ^ 0 all moments of ip(t) exist.
From the theory of random walks we know that when all moments of i/>(t) are finite
diffusion and transport for long times becomes normal. Indeed we observe numerically
that for a finite field, the mean displacement and mean squared displacement show a transition from anomalous type of motion valid for short times, to a normal behavior for long
times. We investigate the relation between drift in the presence of the bias and diffusion
in the absence of the bias and show that the generalized Einstein relation approach [3]
cannot be used to give the relation between fluctuations and the nonlinear response to the
field.
[1] J. Klafter, M. F. Shlesinger and G. Zumofen Physics Today 33 (1996).
[2] T. Geisel and S. Thomae Phys.Rev.Let., 52, 1936 (1984).
[3] J. P. Bouchaud and A. Georges, Physics Report 195, 127 (1990)
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Adsorption of Polyelectrolytes and Inter-Colloidal Forces
I. Borukhov1, D. Andelman1, H. Orland2
1

School of Physics and Astronomy
Raymond and Beverly Sackler Faculty of Exact Science,
Tel-Aviv University. Ramat-Aviv 69978. Tel-Aviv, Israel
2
Service de Physique Theorique. CE-Saclay, 91191 Gif-sur-Yvette Cedex, France
The effect of charged polymers on the interactions between charged surfaces in solution is investigated theoretically. We use mean field theory to derive a self consistent field
equation for the polymer order parameter, and a modified Poisson Boltzmann equation
for the electrostatic potential. The two differential equations together with the appropriate
boundary conditions are solved numerically. We use simple scaling arguments to investigate the adsorption characteristics to a single surface in the strong electrostatic regime.
We obtain simple expressions for the dependence of the adsorbed amount T on the charge
fraction p and the salt concentration C&, in good agreement with experiments. The forces
between two charged surfaces in the presence of polyelectrolytes are calculated using a
generalized contact theorem. We obtain repulsion as well as attraction between equally
charged surfaces.

186

Statistical Physics and Nonlinear Dynamics

Poster

Interferometric Measurement of the Temperature Field in The Vicinity of Ice
Crystals Growing From Supercooled Water
I. Braslavsky and S. G. Lipson
Department of Physics
Technion- Israel Institute of Technology, 32000 Haifa, Israel
The shape of a crystal growing from a supercooled pure melt is influenced by the
temperature-dependent kinetics of the nucleation on the interface! 1]. The temperature
field is also determined by the latent heat which is released from the interface during the
growth process[2]. So the growth process is an intrinsically nonlinear problem in which
the temperature field is one of its vital dynamic parameters. But, being a dynamic field, it
is not easy to measure. The temperature field of a transparent fluid can be measured with
the aid of multi directional interferometry[3], using the temperature-dependence of the
refractive index of the water. If the regime of growth is situated in the path of one of the
beams of a Mach-Zhender interferometer, a phase shift of the fringes, proportional to the
integrated refractive index change, will be induced. To measure the three-dimensional refractive index field (i.e.temperature field) requires one to observe it simultaneously from
several directions and to use some form of tomographic reconstruction^]. We built an
apparatus which includes a growing cell which is viewed by four Mach-Zhender interferometers. The initial temperature of the water in the cell is controlled and set to be
supercooled i.e. below the temperature of melting. Nucleation is induced by an electric
pulse[5] and the interferograms are recorded for further analysis. The growth habit of ice
from supercooled water changes with temperature from a quasi-two-dimensional hexagonal plate[6] to a double pyramid structure[7]. Crystal morphologies of dendritic ice
growing at different supercoolings will be presented as well as projections of temperature
fields around them.
[1]
[2]
[3]
[4]
[5]
[6]
[7]

A.A. Chernov, S.R. Coriell. B.T. Murray, J. Crystal Growth 149, 120(1995).
E. Brener, H. Muller-Krumbhaar, D. Temtin. Phys. Rev. E 54, 2714(1996).
D. W. Sweeney and C. M. Vest. App. Opt. 12, 2649(1973).
D. Verhoeven, Appl. Opt. 32, 3736(1993).
H. R. Pruppacher, Pure and Appl. Geoph. 104, 623(1973).
K. K. Koo, R. Ananth, W. N. Gill Phys. Rev. A 44, 3782(1991).
W. C. Macklin and B. F. Ryan J. atmos. Sci. 22 452 (1965).
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The Collapse of Wave Packets
R. Englman1 and A. Yahalom2
1

Soreq NRC. Yavne
Racah Institute of Physics. Hebrew University of Jerusalem

2

Traditional Quantum Mechanics - "the most successful of all physical theories" suffers from its inability to describe the process of "collapse" or reduction of the wave
function superposition. The collapse finalizes the observation of a physical event via a
(macroscopic) measuring apparatus (e.g., the emission of a photon by an atom using a
photomultiplier or the eye). The process is neither deterministic (except on the average),
nor subject to the superposition process - so it is clearly outside the scope of the (time
dependent) Schroedinger equation. (This equation determines the evolution of the state
function *.) Are we then left without a description of individual processes?
We propose a description of the collapse process through a second order differential
equation in time for $.
The solution of this equation requires, as boundary conditions, the knowledge of \P
just before and just after the collapse process. This contains the essence of the measurement process, namely that its outcome is not predetermined.
The preservation of the norm of ty is ensured by a Lagrange multiplier, which works
out to be the Lagrangian. This introduces into the Collapse Equation a non-linear feature,
which is at it should be since the breakdown of the Superposition Principle calls for a
non-linear equation.
The collapse described through this formalism is a continuous (not instantaneous)
process. Its duration is fixed by the requirement that the "action" is minimal. (This also
constrains the evolution of \P to follow a unique, optimal path). Outside "the collapse
duration" the equation for $ is, of course, the Schroedinger equation. However, it turns
out that, when the coefficient of the second order differential term is small (and this happens when the measuring apparatus is micro - or mesoscopic) the least action path is the
Schroedinger - evolution. We thus see (quantitatively!) the role of macroscopic measuring
device.
In a specially simple (two component) case the Collapse Equation can be formulated
as a sine-Gordon equation. The combination of non-linear dynamics with the Least Action principle rejects and selects solutions.
[1] Y. Aharonov, J. Anandan and L. Vaidman, Phys. Rev. A 47 616 (1993).
[2] P. Busch et al. The Quantum Theory of Measurement McGraw-Hill, New-York
(1991).
[3] M. Gell-Mann The Quark and the Jaguar Hebrew: Keter press, Jerusalem, pp. 159162(1995).
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Directed Chaotic Motion
O, Farago and Y. Kantor
School of Physics and Astronomy
Tel Aviv University, Tel Aviv 69 978, Israel
Particle currents may be induced by periodic forcing, non-random noises or due to an
oscillatory change in the potential profile, provided that a periodic, locally asymmetric,
potential is applied in the system [1]. In this context, we study a model [2], describing the
motion of a classical particle in an infinite set of equally spaced potential barriers, whose
position and height oscillate periodically [2]. At each collision, the particle either crosses
or is reflected from the barrier, depending whether or not its kinetic energy is larger than
the potential height. The special feature of this system (unlike these in Refs. [1]) is its
chaotic deterministic nature.
A 2-dimensional discontinuous area-preserving map describes the dynamics. We
study this map using the Poincare sections method. The amplitude of the barrier's height
is chosen to be the control parameter of the problem. Two types of motion are revealed
in the phase space, depending on the initial conditions: A stochastic motion which covers
ergodically a "stochastic sea", and a regular motion over closed curves, located inside
chains of islands which are embedded in the stochastic sea. The asymmetry of the dynamics is expressed in two ways- A difference between the maximal speeds which the
particle can gain in both directions and the existence of asymmetrical chains of islands in
the phase space which correspond to a highly efficient regular motion.
While studying the map we observed pseudo-boundaries whose effect on the motion in phase space resembles what happens in continuous maps near cantori (destroyed
Kolmogorov-Arnold-Moser tori). Their origin are groups of chains of islands which separate parts of the phase space and need to be crossed in order to move between the different
sub-spaces. Trajectories, however, do not easily cross these chains, but tend to propagate
along them.
[1] see e.g., M. O. Magnasco, Phys. Rev. Lett. 71,1477 (1993); A. Ajdari, D. Mukamel,
L. Peliti and J. Prost, J. Phys. 1 (France) 4, 1551 (1994); R. D. Astumian and M.
Bier, Phys. Rev. Lett. 72, 1766 (1994).
[2] M. V. Jaric and B. Sundaram, Bull. Am. Phys. Soc. 39, No. 1 , 538 (1994).
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Novel Universal Correlations in Invariant Ensembles
of Large Random Matrices
E. Kanzieper and V. Freilikher
The Jack and Pearl Resnick Institute of Advanced Technology
Department of Physics. Bar-llan University. 52900 Ramat-Gan. Israel
We present a general formalism for the treatment of eigenlevel correlations in U (N)
invariant ensembles of large random matrices [ 1 ] whose spectrum is supported on a single
interval {-DN, +DU). An important ingredient of our analysis [2] is the derivation of a
second-order differential equation for a fictitious "wavefunction" ip^ (N ^> 1) which is
needed for calculations of eigenvalue correlations
Rn (fi,..., en) = det f 52%=o ^a (£«) Va ( £ J ) I
within the framework of the orthogonal polynomial technique. The equation reads:

H

) ] }

(

N = 0,

2

Here VQ IS the Dyson's density computed for a strong potential V (e) of level confinement and analytically continued onto the whole real axis. Our consideration is relevant to
arbitrary energy range reproducing, for instance, the universal sine kernel in the bulk scaling limit. We have applied this formalism to examine the eigenlevel correlations near the
endpoint of single spectrum support where the Dyson's density exhibits (1 — e2/D2N)m+*
singularity. It has been shown that in the soft-edge scaling limit there are novel universal
eigenlevel correlations which only depend on the even multicritical index m of a matrix model. In a particular case of m = 0, corresponding to monotonous confinement
potentials V (e), supposed universal Airy correlations are recovered.
[1] M. L. Mehta, Random matrices (Academic, Boston, 1991): E. Brdzin and A. Zee,
Nucl. Phys. B 402,613 (1993); G. Hackenbroich and H. A. Weidenmuller, Phys. Rev.
Lett. 74, 4118 (1995); V. Freilikher. E. Kanzieper, and I. Yurkevich, Phys. Rev. E 54,
210(1996).
[2] E. Kanzieper and V. Freilikher, preprint chao-dyn/9701006.
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Asymptotic Properties of the A + B —> 0 Reaction-Diffusion Front
Zbigniew Koza
Department of Physics, Bar-Han University, Ramat-Gan 52900, Israel
Institute of Theoretical Physics. University ofWrodaw. 50204 Wroclaw. Poland
The presence of a reaction front formed between two initially separated diffusing
reagents is a characteristic phenomenon observed in many physical, chemical and biological processes [1]. If the reaction product is chemically inert, the evolution of such a
system can be described with a help of the partial differential equations [2]
dPA

dt

_

d2pA

dps _

dx2

dt

d2PB

dx2

with the initial state given by p A (x,0) = a0H(—x) and p B (x,0) = b0H{x), where
pA(x,t) and pn(x,t) are the mean local concentrations of A's and B's, R is the macroscopic reaction rate whose exact form is known only above the critical dimension dc = 2,
H(x) denotes the Heavyside step function, and a0, b0. DA and DB denote the initial concentrations of species A and B and their diffusion coefficients, respectively.
The problem of solving (6) significantly simplifies if DA = D&, as in this case
u(x,t) = DApA - DBPB obeys the readily solvable diffusion equation dtu = D^dlu
irrespective of R We show [3] that the asymptotic form of u can be derived analytically
for arbitrary values of DA, D&, a0 and 60, and for any R that leads to the width of the interfacial layer growing slower than t1''2, a property observed in all such systems so far. In
this way we were able to calculate, as functions of D\. D%, a0 and b0 only, the asymptotic
values of the position of the reaction front, the total reaction rate and the concentration
profiles of the reactants outside the reaction zone. In particular, we derived the condition
for the reaction zone to be asymptotically stationary.
Taking the limit DB —* 0 we also investigated [4] the crossover to the case where one
of the species is immobile, which constitutes a different universality class. We study the
similarities and differences between the two universality classes using the so called quasistationary and mean-field approximations as well as the scaling ansatz [2] and numerical
simulations.
[1] S. Havlin, M. Araujo, Y. Lereah, H. Larralde, A. Shehter, H. E. Stanley. P. Trunfio
and B. Vilensky, Physica A 221:1 (1995).
[2] L. Galfi and Z. Racz, Phys. Rev. A 38. 3151 (1988).
[3] Z. Koza, J. Stat. Phys. 85, 179 (1996).
[4] Z. Koza, to appear in Physica A (1997).
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Motion of the Reaction Front in A + B —• C Reaction-Diffusion System
Z. Koza1-2 and H. Taitelbaum1
^Department of Physics, Bar-Ilan University, Ramat-Gan 52900, Israel
Institute of Theoretical Physics, University ofWrodaw, 50204 Wroclaw, Poland

2

The kinetic behavior of the reaction front formed between two initially separated
species in reaction-diffusion systems of the type A + B —* C has recently attracted much
interest. This is mainly owing to two facts. First, unlike other initial conditions, the initial
separation of the reactants can be achieved experimentally. Second, despite their simplicity, such systems exhibit many unexpected, anomalous properties. In particular, several
studies examined the nontrivial motion of the reaction front center :cf(i) defined as the
point where the reaction rate is maximal. It was found that, depending on the values of
the initial concentrations a 0 and 6o, and diffusion coefficients DA and Z>B of A's and B's,
respectively, such reaction-diffusion systems can be divided into four universality classes
in the short-time regime [1], and two in the long-time limit [2]. It was also found, both
theoretically and experimentally [1], that in the intermediate time the reaction front can
change its direction of motion.
In our recent study [3] we make an attempt to determine what happens to the four
short-time universality classes when the system enters into its asymptotic time phase,
and what happens at the crossover time. We do so by examining the conditions which
govern the direction of motion of xf(t), finding that it is determined by three different
parameters in different time regimes. These are D = y/DA/D* in the short-time limit,
r = y/ao/bo at the crossover time, and P = Dr2 in the long-time limit. We also predict
the surprising possibility of two switches in the direction of motion of the front, as well
as one switch followed by an asymptotic convergence to a constant value, arguing that
the latter situation occurs if and only if P = 1. It remains an experimental challenge to
confirm these predictions.
[1] H. Taitelbaum, Y-E. L. Koo, S. Havlin, R. Kopelman and G. H. Weiss, Phys. Rev. A
46,2151(1992).
[2] Z. Koza, J. Stat. Phys. 85,179 (1996).
[3] Z. Koza and H. Taitelbaum, Phys. Rev. E 54, R1040 (1996).
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Nonlinear Second Sound Interactions
M. Kroyter, I. M. Khalatnikov
School of Physics and Astronomy
Raymond and Beverly Sackler Faculty of Exact Sciences
Tel Aviv University, 69978 Tel Aviv, Israel
Experiments performed by Olsen, Egolf, et al., have shown that a second sound standing wave in a resonator of superfluid 4Helium generates a stationary surface pattern [1].
Above a critical input power value, the stationary pattern breaks, and an instability occurs.
A turbulent motion is apparent on the surface for an input power that exceeds the critical
one [2].
We suggest that the instability is a second sound phenomenon. The surface merely
traces the changes of second sound. A model of two nonlinearly coupled oscillators is
introduced, in which one of the modes is driven by an external force. We interpret these
oscillators as a fundamental second sound mode and its second harmonic. The stationary
solutions of the model are calculated.
To account for the loss of stability the equations are linearized around the stationary
solutions. The 4-dimensional Hurwitz-Routh condition is used to look for the stability
loss. It is found that for any value of the parameters there exists a critical driving force,
above which the system is unstable. Due to the very general nature of the model, this
result is important not only in the immediate context of the Olsen experiment. The known
dependence of second sound anharmonics on physical parameters [3] then gives a prediction concerning dependence of the critical input power on wave number and temperature.
There is a very good agreement between theory and experimental data.
The global properties of the system of equations are then analyzed analytically and
numerically. The co-existence of the fixed point with another attractor below the critical
point is established. We illustrate the consistency of this result with the previous findings.
[1] J. L. Olsen, J. Low Temperature 61, 17(1985).
[2] P. W. Egolf et al. .Physica B169,217(1991).
[3] I. M. Khalatnikov et al., JETP 107,1563(1995).
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Analytic Calculation of Critical Amplitudes for Power Law Oscillations
Z. Lev and A. Aharony
School of Physics and Astronomy, Tel Aviv University
We present a novel successive-approximation technique which yields controlled estimates of the critical amplitudes for physical quantities defined through Real Space
Renormalization Group relations of the form F(x) = h(x) + fiF(T(x)), with T(x) a
general, nonlinear transformation. It is well known [1] that in the vicinity of a fixed
point xc, T(xc) = x c the function F(x) may be expressed as an infinite sum F(x) ss
Y^i^i Ai{x — xc)Vi, with the determination of the critical exponents V{ requiring only simple algebra, and most of them being complex numbers, leading to log periodic oscillations. When the amplitudes Ai of the complex exponents are nonnegligible this leads to
observable power law oscillations, which have been predicted and observed in theoretical analysis, experiments and computer models [2,3, 4]. A previous analytic method [5]
yields orders of magnitude errors for the critical amplitudes due to a required approximate
linearization of T(z). We introduce a new variable y = c\X + cjx 2 -I-... for which the
transformation becomes exactly linear, and employ the Mellin transform to get expressions for the critical amplitudes as functions of the coefficients c,. Our formalism yields
the amplitude ratios with arbitrary precision, and enables the derivation of error bounds.
We also expose the strong relation between these amplitudes and the finite size scaling of
the physical model. We present detailed analysis for two examples: the free energy for
the Ising model on the diamond hierarchical lattice, and the site-averaged single particle
Green's function for the Sierpinski Gasket. We also show how apparently similar transformations, arising through choosing different sized cells in the renormalization procedure,
can yield very different log periodic corrections.
[1]
[2]
[3]
[4]
[5]

D. Bessis, J. S. Geronimo and P. Moussa, J. Phys. Lett. 44,L977(1983).
A. Aharony, Phys. Rev. B 12 1049(1975).
D. Sornette et al., Phys. Rev. Lett. 76,251(1996).
D. Sornette et al., J. Phys. 16,327(1996); and refs. therein.
B. Derrida, C. Itzykson, and J. M. Luck, Comm. Math. Phys. 94,115(1984).
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The pp -> ppn° Solitary States Collisions in Highly Dissipative Driven Fluids.
O. Lioubashevski and J. Fineberg
Racah Institute of Physics
Hebrew University of Jerusalem, Jerusalem 91904, Israel
A highly localized solitary states (LSS), driven by means of the spatially uniform,
vertical acceleration of a thin fluid layer, are observed to propagate along the surface of a
fluid in a 2D highly dissipative regime [1]. Unlike classical solitons, which interact via a
phase shift, a LSS can interact in a number of ways, depending on relative phase of driving
in time of collision. LSS growth and huge amplitudes are explained by Rayleigh-Taylor
instability acting when the plate upwardly accelerates over half of a driving cycle [2]. The
interaction potential between them appears to be short-ranged as no perceptible change in
form occurs until two states are within a wavelength of each other. A collision can result
in either the two states passing through each other with a small change in amplitude,
mutual annihilation, or "billiard ball" type collisions in which the resulting LSS leaves
the collision region at a large angle relative to the axis described by the two initial states.
An interesting feature of collisions resulting in the formation of a new states is that, as
in interacting elementary particles, an intermediate "metastable" state is formed which
then decays into the final interaction products. This metastable state is non-propagating
and exists for times longer than the time needed for a propagating state to traverse the
interaction region. Bound solitary states can also be formed by either collisions or initial
conditions of the system and propagate with the same velocity as single solitary states.
These states are weakly bound and can either spontaneously break up into a pair of single
states or exist until perturbed by collision.
[1] Lioubashevski O., Arbell H. and Fineberg J., Phys. Rev.Lett. 76,3958(1996).
[2] T. -S. H. Lee and D. O. Riska, to appear in Physical Review. E55(4), 2237(1996).
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Interfacial Friction: Simple Models with Complicated Dynamics
M. G. Rozman', M. Urbakh and J. Klafter
School of Chemistry, Tel Aviv University, Tel Aviv 69978, Israel
A nonlinear model has been proposed [1,2] which displays dynamical features resembling experimental and simulation results obtained for nanoscale molecular films under
shear. A model system consists of a chain of particles that interact with two periodic potentials representing two confining plates, one of which is externally driven. The model
leads to a spectrum of rich behaviors in the motion of the top driven plate, amenable to
experimental verification: a stick-slip, intermittent kinetic regime, characterized by force
fluctuations, and two types of sliding above a critical driving velocity vc. An analysis of
the different regimes displays u/~2 power spectra of the force over a wide range of velocities below vc, and a decrease of the force fluctuations that follows (ve — v)1/2 for v < ve.
The velocity dependent Liapunov exponents demonstrate that stick-slip dynamics is characterized by chaotic behavior of the top plate and the embedded particle. The relaxation
of the "slip" part between two "stick" events in the stick-slip time series may display more
than one characteristic time scale. The different relaxation times are shown to be related
to a velocity-dependent effective frictional force felt by the driven plate, and their actual
observation is dictated by the experimental conditions. A coarse-grained description for
the top plate motion is proposed.
[1] Rozman M. G., Urbakh M. and Klafter J., Phys. Rev. Lett., 77 (1996) 683.
[2] Rozman M. G., Urbakh M. and Klafter J., Phys. Rev. E, 54 (1996) 6485.
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Dynamics of a "Chirped" Van der Pol Oscillator
G.I. Shinar and B. Meerson
Racah Institute of Physics, Hebrew University of Jerusalem, Jerusalem
The Van der Pol (VdP) oscillator represents a standard textbook model of a periodic
self-oscillating (limit-cycle) behavior [1]. In some applications, the parameters of the
VdP oscillator can vary in time. If the oscillator frequency u is "chirped", one has the
following modified VdP equation:

x + e(x2 - I)x + w2(t)x

= 0,

where e > 0 is the nonlinearity degree. How will the frequency chirp affect the dynamics?
In particular, what are the criteria for the preservation of the limit cycle despite the chirp?
We found such criteria analytically and verified them numerically, separately in the cases
of a weak and strong nonlinearity [2]. In the former case, the (sufficient) criterion requires
not too high a chirp rate. In the latter case, the (necessary and sufficient) criterion requires
divergence of the integral /0°° w2(t) dt.
[1] H.D.I. Abarbanel, M.I. Rabinovich and M.M. Sushchik, Introduction to Nonlinear
Dynamics for Physicists (World Scientific, Singapure, 1993).
[2] B. Meerson and G.I. Shinar, Phys. Rev. E (submitted).

197

Statistical Physics and Nonlinear Dynamics

Poster

On the Theory of a Two-Dimensional Ballast Resistor
Y. Tsori and B. Meerson
Racah Institute of Physics, Hebrew University of Jerusalem, Jerusalem
The ballast resistor (BR) is a current-carrying iron wire put in a gas-filled cylinder
[1-3]. The BR is a simple physical system that exhibits spatial pattern formation. The
temperature dynamics along the wire is described by a reaction-diffusion equation, where
the "reaction" function is the difference between the Joule heating and Newton cooling
rates. Because of the S-shaped temperature dependence of the wire resistivity, the BR
exhibits thermal bistability. In the constant-current regime either hot, or cold "domain"
expands until it dominates all the system. On the contrary, in the constant-voltage regime,
domains of the two "phases" coexist [1-3]. The theory of the one-dimensional BR (and
of other related systems) has been completed only recently [4].
In this work we develop a theory of a simple two-dimensional BR: a current-carrying
planar annulus under a constant potential difference between the circumferences. In this
geometry, the current density is non-uniform which leads to new effects, such as translational symmetry breaking of the equilibrium positions of "domain walls". Also, the
hot and cold domains are now non-uniform and located, in the single-interface regime,
on the inner and outer side of the annulus, respectively. We approximate the S-shaped
temperature-dependence of the resistivity by a step function. (The limiting case when
the cold "phase" has a zero resisitivity describes the coexistence of superconducting and
normal domains.) The equilibrium position of the (azimuthally-symmetric) domain wall
is found to be uniquely determined by the parameters of the problem and independent,
within wide limits, of the initial temperature profile. We studied analytically the relaxation of the system to this equilibrium by matching the large-scale time-dependent solutions in the hot and cold phases with a traveling-wave solution for the transition region.
Finally, we performed detailed numerical simulations of the system dynamics and verified
our analytical model.
[1] V.V. Barelko, V.M. Beibutyan, Yu.E. Volodin and Ya.B. Zeldovich, Sov. Phys. Dokl.
26,335(1981).
[2] N. Bujanos, J. Pearson, W.D. McCormick and W. Horsthemke, Phys. Lett. A 127,
138(1988).
[3] A.V1. Gurevich and R.G. Mints, Rev. Mod. Phys. 59, 941 (1987).
[4] B. Meerson and P.V. Sasorov, Phys. Rev. E 53, 3491 (1996).
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