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I. Introduction
This is a request for one year of continuation funding (April 1, 19941995) of the research grant from the Department
87ER40347,

March 31,

of Energy, contract number DE-FG03-

as the third year since the last renewal approval.

This also constitutes

a

technical progress report (a performance report) for the second year period (April 1, 1993
- March 31, 1994). The renewal of this grant has been approved for the three year period
from April 1, 1992 through March 31, 1995.
The project is carried out at California State University,
at the W. K. Kellogg Radiation
(Caltech).

Northridge (CSUN)

and

Laboratory of the California Institute

of Technology

The principal investigator has a part time faculty appointment

without salary

as a Visiting Associate at Caltech and conducts research at Kellogg using its facilities and
personnel. At Caltech, he continues to supervise a graduate student, Tim Shoppa, jointly
with Professor Steven Koonin, and requests continuation of about half support for the
student.

The financial aspect of this arrangement remains the same as in the previous

years and is briefly explained in Section IV.
In Section II we describe the progress that has been made in the second contract
year and the investigation

that is planned for the third year.

contract personnel, publications,

and conferences participated.

the budget requested for the third year period.

Section III includes lists of
In Section IV we describe

O
II. Progress

Report

for the Current

Year and Plan for the Next

Year

Progress has been made on the following seven problems:
1) (e, elp) at high momentum transfer_
2) postacceleration

effects in two-nucleon interferometry of heavy-ion collisions,

3) pion-nucleus interactions above 0.5 GeV,
4) chiral symmetry breaking in nuclei and pionic atom anomaly,
5) atomic screening on nuclear astronomical reactions,
6) QCD

related

work

(coherent

pion

production

from

skyrmion-antiskyrmion

annihilation,
QCD in 1 -k 1 dimensions, and correlation functions in the QCD vacuum),

and

7) kaonic hydrogen atom experiment.
The problems deal with various topics mostly in intermediate-energy

nuclear physics. We

place priority on 1) and 2), and describe them somewhat in detail below. Other problems
are our on-going projects, but we are placing lower priority on them in the second and
third year. The investigations

are carried out in collaboration with other colleagues, listed

under the heading of each problem.

II.1 (e,e'p)

at high momentum

Collaborators:

transfer.

T. Shoppa (Graduate student, Caltech)
A. Kohama (Postdoc,

U. Tokyo)

K. Yazaki (Professor,

U. Tokyo)

We continue the investigation

of the high-energy (e,e_p) reaction with the University

of Tokyo group to extend the previous collaboration

on the high-energy

The objective of this problem is to establish a reliable nuclear-physics
color-transparency

result, so that QCD

effects could be identified by experiment.

We are applying the Glauber multiple-scattering
eikonal approximation.

theory, instead of the commonly used

In the theory, the final-state interaction

is expressed as a multiple-scattering
dimensional

(p, 2p) reaction.

of the knocked-out

expansion in terms of Glauber profile functions

Fourier transform of the scattering

amplitudes),

proton
(two-

which in turn can be written

in the form of a cluster expansion.

We used the leading term in the duster expansion

that involved off-diagonal

nuclear densities.

two-body

Two-nucleon

correlation

effects

calculated from this were found to be smaller than those reported by O. Benhar et al.
[Phys. Rev. Lett. 69, 881 (1992)]. The difference stems from different formulations
2

of the

correlation effects, but unfortunately
Our approach was subsequently
93/48/Jun-PH]

Benhar et al. did not elaborate

on their derivation.

confirmed by A. Rinat and B. Jennings

[a preprint,

WIS-

_nd by N. N. Nikolaev et al. [Phys. Lett. 31_', 981 (1993)]. The latter

includes the subleading

order in our cluster expansion,

has been shown to further

reduce the correlation

which, named as spectator

effects,

effects. A full account of this portion of

our work has been published in Nucl. Phys. A551, 687 (1993).
Evaluation

of the final-state

interaction

in the (e,e'p) reaction amounts to calculation

of structure function for the reaction, and the problem becomes how to treat (the imaginary
part of) many-body
have reformulated

Green's function appearing in the structure

function.

Accordingly,

the problem as follows: First, Green's function is divided into two parts,

the inclusive and exclusive (e, e'p) parts, by the use of an ope':_tor identity.
between

we

the two parts are, for example, with and without

Second, each part is expressed analytically

(The difference

pion emission,

respectively.)

by the use of the Glauber proton propagator,

which is on-shell and forward without explicit medium corrections. The use of the Glauber
propagator is expected to be reasonable in the energy region of our interest, several GeV
and up. Third, the structure function is then expressed in the form of an integral (over
A-nucleon

coordinates)

of Green's function with one-body off-diagonal

A-body

density

matrix.
This formulation

is more general and lucid than our previous one.

previous formulation by the cluster expansion,
inclusive and exclusive (e, elp)reactions
by construction,
expected

It yields our

and provides expressions for both of the

on the same footing. Furthermore, it also includes,

an effect due to the N N interaction

being finite-ranged.

The effect is

to reduce the correlation effect, but we consider the recent estimate by N. N.

Nikolaev et al. (cited above) to be too large. At any rate, this effect should be evaluated
explicitly.
Our expression of the structure function is now in a form similar to a path integral,
and allows us to perform a Monte Carlo integration, thereby including all many-body and
finite-range effects numerically.
160, 5SFe, and 2°°Au

We have done a preliminary Monte Carlo calculation

for

with a schematic short-range correlation function and a finite-range

!

N N interaction.

We have found that the correlation effect is indeed small, but is larger

than Nikolaev et al.'s calculation.
We plan a more realistic calculation, using (a) density-dependent
by R. Wiringa (a variational

Monte

Carlo calculation
3

correlations obtained

in nuclear matter)

and (b)

antisymmetrized

Hartree-Fock

wave-functions
matter

(so-called

densities

calculation

a large parallel

densities

densities.

and correlation

densities

from R. Wiringa,

(especially

Grafting

f_)

single-particle

because

computer
the

and

for nuclear

correlation

expect

After

dynamics
GeV/c

Though

in short ranges

(at Perugia)

the momenta

we complete

and various

not pose any problem.

(e, Cp)

reaction.

f2

single-particle

nuclear

[Phys.

C 44, 2328 (1991)],

computation

(without

antisymmetrization),
is reasonable.

a preliminary

in the experiment

is perhaps

region

in the experiment

also yields

differs from the that
and we expect

too low to

where

the NN

in the 1 - 5

Here, the energy dependence

to additional

formulation

result

nuclear-physics

we plan to carry out a calculation

imposed

of g's for

and is in the process of completing

We also plan to carry out the inclusive

Our formalism

the

in the 5 - I0 GeV/c

This amounts

function

calculation.
Rev.

The

involving

effect, the data deserve careful

cuts and resolutions

and should

Green's

nuclear-

this year.

and thus the procedure

with the NEI8 data.

into our calculation.

The present

pair-

perhaps

group has announced

involved

the calculation

incorporated

on

this summer,

energy-dependence,

region for compariosn

interaction

densities

NE18 (SLAC experiment)

has a little

for 6 months

be extensive,

from a schematic

a clear sign of the color transparency

treatment.

g) for various

We have done a Monte-Carlo

matter

XIII Conference

the data analysis.

tabulated

such as the Delta at Caltech.

and have found that g's are similar

at the PANIC

visitor

of antisymmetrization)will

nuclear-matter

The Caltech-MIT

(so-called

who was a Kellogg

is an ad hoe procedure.

finite-nuclei

We have received

of the NN

must be carefully

integration

in our formalism

an expression

for the inclusive

calculation

of O. Benhar's

the correlation

after the 1 - 5 GeV
group

effects

in this

reaction

to be small here as

well, even at a small energy loss.

II.2

Postacceleration

effects

Collaborators:

T. Shoppa

in two-nucleon

interferometry

of heavy-ion

collisions
(Graduate

S. E. Koonin
Two-nucleon
extent
(1993);
Heavy

of heavy
D.

Boal,

interferometry
ion collisions
C. Gelbke,

ion collisions

student,

(Professor,

Caltech)

is often used to obtain
[W. Bauer,

Progress

and B. Jennings,

at intermediate

energies
4

Caltech)

information

in Particle

Rev.

Mod.

about the space-time

and Nuclear
Physics

can be used to obtain

62,

Physics
553

information

30

(1990)].
on the

•

•
nuclear matter phase diagram and the behavior of nuclear matter during
compression.

In particular, two-particle

about the nuclear compressibility
this quantity

constant,

is capable of providing information

while single particle spectra lack sensitivity

to

[W. Cassing, Phys. Rep. 188, 363 (1990)].

One of the basic assumptions
interact

interferometry

heating and

used in interferometry

is that the two detected

nuclei

only with each other, and not with the emitting region or other emitted particles.

While this assumption

appears to be valid when the emitted

high energies (as in two-pion interferometry
been questioned

of ultrarelativistic

particles

at

heavy-ion coUisions), it has

recently in lower energy collisions (< 30 MeV/amu).

Phys. Rev. C 45, 387 (1992); B. Erazmus,

are produced

[Y. D. Kim et al.,

N Carjan, and D. Ardouin, Phys. Rev. C 44,

2663 (1991)1.
One

case where

intefferometry
B317,

postacceleration

of 30 MeV/amu

505 (1993)].

effects

argon+gold

In this experiment,

are

clearly

seen is in neutron-proton

collisions [CHIC Collaboration,
measured

neutron-neutron

Phys.

lett.

and proton-proton

corrdation

functions behave roughly as predicted by theory IS. Pratt and M. B. Tsang,

Phys. l_v.

C36, 2360 (1987)], while the neutron-prot0n

correlations show substantially

less strength than predicted by theories which ignore the effect of the emitting source. It
has been proposed [G. Bertsch, P. Danielewicz,
817 (1993)] that the differing accelerations
highly charged (Z

and H. Schulz, Europhysics

Letters 21,

of the neutron and proton, as they leave the

.._ 100) emitting region destroys the expected

correlations.

We are

verifying this proposal by the use of classical trajectory methods by giving considerations
to the limitation of the methods at a low relative momentum between nuclei [W. G. Gong,
Y. D. Kim, and C. K. Gelbke, Phys. Rev. C 45, 863 (1992)].
We plan to go beyond classical trajectory methods and treat the interactions
the emitted

pair and the source region quantum-mechanically.

function can be calculated

using integral equation techniques.

between

The three-body

wave

While the postacceleration

effect is most obvious in the neutron-proton

correlations,

it may reduce the expected

strength in proton-proton

correlations.

It is important to understand

and neutron-neutron

the effects in order to extract the desired information
matter.

about the compressibility

of nuclear

II.3 Pion-Nucleus

Interactions

Collaborators:

Above

0.5 GeV/c

M. Arima (Professor, Osaka City University)
K. Masutani (Professor, Yamanashi University)

Pion-nucleus

interaction

unexplored subject.
only systematic

above

the existing

meson facility energies is a largely

There has been a puzzling observation at these energies that the

elastic data are larger than all theoretical calculations

[D. Marlow et al.,

Phys. Rev. C30, 1662 (1984)]. A similar observation has been made with K + scattering
at the same momentum of 800 MeV/c and has been attributed to either swelling nucleons
or lighter vector meson masses. The pion case is more complicated owing to lrN resonance
formation.
Following our investigation
potential

by the use of multiple-scattering

and Glauber theory) [Phys.

Rev.

formalisms

(optical

C 44, 415 (1991)], we have examined the

medium corrections to the _rN amplitudes that we did not include previously.

We used

the A - hole model together with a quark-bag model to describe dynamical mixing of two
Sl_ resonances, N(1535)

and _¢(1650).

A significant feature of the lrN interaction in this energy region, the pion production,
_rN --, N_r_r, is found to induce formation of the 3-3 resonance (A(1232))
nucleons in nuclei and to suppress the pion propagation in nuclei.
amplitude in nuclei is thus altered to reduce the N(1520)
also found that the same occurs with N(1535)
suppression by Pauli blocking.

with other

The elementary

_rN

(Dis resonance) width.

We

(SI_ resonance) because of r/production

A manuscript describing a full account of this work has

been submitted to Physical Review C.
The medium corrections to the _rN amplitude are quite appreciable in nuclear matter,
but they become small in finite nuclei after Fermi-averaging.
between theory and the data thus remains unexplained.

The puzzling discrepancy

We are reexamining

the pion

absorption effects in light of a new experiment on 4He at 1 GeV/c IT. Nagae et al., PANIC
XIII Book of AbJtract 2,608

(1993)], which we considered to be the least reliable aspect of

our investigation so far. We are in contact with the Japanese group that has carried out a
new elastic scattering experiment up to 1 GeV at KEK, so as to compare our calculation
with their new data.
The suppression

of the pion production

or the reduction of the resonance widths

in nuclei may appear more significantly in various inelatic reactions, which are relevant
to heavy-ion collisions

and some future CEBAF experiments.

examine photo-pion production processes.

As a start, we plan to

Our finding may be relevant to suppression of
6

photoabsorption

cross sections at this resonance region, which have been observed

by a

Frascati group [M. Anghinolfi et al., Phys. Rev. C47, R922 (1993); and B. Bianchi et al.,
to appear in Phys. Lett. B]. We are communicating

II.4 Chiral

symmetry

Collaborators:

breaking

in nuclei

with the group on this.

and pionic

atom

H. Toki (Professor, Tokyo Metropolitan

anomaly

University)

K. Masutani (Professor, Yamanashi University)
1) The degree of chiral symmetry breaking in nuclei, or the effective pion mass in
nuclei is a long-standing

unsolved problem: While effective Lagrangean approaches

based on Gell-Mann-Oakes-Renner
data suggest the opposite.

(say,

relation) give rather small pion masses, pionic atom

It does not even fit in the hadron-rnass scaling proposal by G.

Brown and M. Rho [most recently reviewed in C. Adami and G. Brown, Phys. Rep. 234,
1 (1993)].
.]. Delorme, M. Ericson, and T.E.O. Ericson have pointed out [Phys. Left.
379 (1992)] that because of appreciable energy-dependence

in the _rN amplitude,

location of the pion propagator in nuclei at the zero momentum
mass) actually changes by only a small amount.

B291,
the pole

(i.e., the effective pion

Thus the problem has been clarified

somewhat, but is still unresolved.
Delorme et al.'s argument is based on the pion self-energy, a product of the free-space
lrN amplitude and the nuclear density.

The chiral symmetry breaking in nuclei would,

however, also affect the lrN amplitude itself beyond the many-body argument.
to incorporate this effect systematically

We wish

into Delorme et al.'s approach, thereby obtaining

a description consistent with current algebra and PCAC, and thus with QCD.
To achieve this objective,
linear sigma model.

we need a dynamical model.

As a start, we choose the

The model satisfies the current algebra and describes

all soft-pion

predictions involving the strong interaction, and also, we find, yields a reasonably realistic
_rN amplitude (including the energy-dependence)
amplitude [Landolt-Boernstein,
examining

in comparison to G. Hoehler's empirical

vol. 9-b, part 2, (Springer-Verlag, Berlin, 1983)]. We are

at the one-loop level how the vacuum and the 7rN amplitude

external scalar and vector potentials in quantum hadrodynamics.

change under

Note that in this model

the vacuum is determined by tadpole diagrams, which in turn affect the pion decay constant
and the nucleon mass. Our work is similar to that of Matsui and Serot [Ann. Phys. 144,
107 (1982)], but is different in that we have to evaluate the pion dispersion relation selfconsistently

with the sigma-model amplitude in the new vacuum.
7

®
This calculation

is meant to be semi-quantitative.

the chiral perturbation
perturbation

technique

We are planning next to examine

approach in place of the sigma model.

Note that

has been used recently to calculate the 7rN sigma term IV. Bernard,

N. Kaiser, and UIf-G. Meissner, a preprint (BUTP-93/05
2) Though low in priority, we continue
problem

in pionic atoms,

standing

problem.

and CRN-93-06,

to seek a resolution

1993)].

of the puzzUng anomaly

especially because 1) above may provide a clue to this long

At the same time, we wish to clarify the issue involving in relativistic
of the optical potential
was debated

the chiral

under the impulse approximation.

construction

In the last few years, the issue

lB. L. Birbrair et al., Nucl. Phys. A 528, 647 (1991); 547, 645 (1992); and

V. Koch and E. Oset, Nucl.

Phys.

A 541, 578 (1992)] and remains as imprusse, even

after work by A. Gal eta[.

[Phys.

Letters B 281,

11 (1992)].

We are following the

careful treatment of Wallace et al. on relativistic proton-scattering

problem [J. Tjon and

S. Wallace, Phys. Key. C36, 1085 (1085)]. So far, we obtain a potential similar to that of
of B. Birbrair and A. Gridnev [NucL Phys. A528, 647 (1991)], but different from that in
spin-flip contributions.

II.5 Atomic

screening

Collaborators:

in nuclear

astronomical

reactions

T. Shoppa (Graduate student, Caltech)
K. Langanke (Senior Research Associate,

Caltech)

S. Koonin (Professor, Caltech)
Astronomical

low-energy

while in laboratory

( < 10 keV) reactions involve nuclei in an ionized state,

experiments

the target nucleus is usually in an atomic or molecular

state and the projectile nucleus is often only partially ionized. Since the bound electrons
in the atomic and molecular states modify the Coulomb repulsion between tl_.e nuclei and
the cross section, this atomic screening effect must be properly removed so as to extract
the true nuclear cross sections needed in nuclear astrophysics

and future fusion-reactor

designs.
We performed

a time-dependent

Hartree-Fock

(TDHF)

calculation

evolving the electron clouds of the target and projectile nuclei.

for d-SHe by

The forces exerted on

the nuclei by the electron clouds (on a cylindrical grid) are then used to construct
effective screening potential.
approximations

at the limits.

an

The TDHF results agree well with the sudden and adiabatic
The results have been published in Phys.

(1993).
8

Rev. C48, 837

i

i

We also continue to examine the problem of the (very narrow, about 10 eV) 4He-4He
resonance
treating
helium

at a center-of-mass

energy of 94 keV. We are applying

the nuclei semi-classically.

Calculations

target and the fully ionized projectile.

handle three electrons for the singly-ionized

II.6 QCD

related

the TDHF

method

by

have been made so far for the atomic
We are currently

modifying

the code to

helium projectile.

work

As in past, we continue to examine nuclear problems which are related to quantum
chromodynamics

(QCD).

Since this general field is progressing

quite rapidly, we plan

to examine problems that we find to be suitable for our essentially
Particularly

one-man operation.

because of the (e, elp) problem, we place a low priority on the following:

(a) Coherent pion production from skyrmion-antiskyrmion
Collaborator:

annihilation

S. Kazadi (Undergrad student, Caltech)
S. Koonin (Professor, Caltech)
R. Amado (Professor, Univ. of Pennsylvania)

In

our

previous

Sommermann,

numerical

work on

skyrmion-antiskyrmion

a_anihilation

[H.

R. Seki, S. Larson, and S. Koonin, Phys. Rev. D45, 4303 (1993)], we found

that the baryon number disappears extremely rapidly and a subsequent dispersion of the
energy takes place. We also estimated the number of pions emitted after the annihilation
using a semiclassical

method.

Recently, Amado et al. [a preprint (1993)] quantized the emitted pion wave using
the method
conservation.

of coherent states with the constraints

of energy-momentum

and isospin

The pion number distribution and charge ratios are found to be in good

agreement with observation.
Encouraged by this, we plan to perform a more realistic coherent calculation
the pion emission source generated by our numerical work. For this calculation,
update our code following a more efficient algorithm

using
we will

created by a Livermore group [W.

Crutchfield and J. Bell, to appear in J. Comp. Phys.]. We will also improve the treatment
of pion waves arriving at the computational
the annihilation.

walls and of computational

instability

during

i

i

w

(b) QCD in 1 + 1 dimensions
Collaborator:

K. Takayama (Grad student, Tokyo Institute

of Technology)

M. Oka (Professor, Tokyo Institute of Technology)
S. Saito (Professor, Nagoya University)
Because of the small dimensions, the QCD2 involves physics somewhat different from
the QCD in 1 + 3 dimensions (the QCD4), but simplification in the low dimensions is
attractive, particularly because the solution of the QCD2 is expected to help understanding
of the QCD4, for which no other solvable example is available.

The QCD in 1 + 1

dimensions (the QCD2) has been studied at the limits of large Nc and of the weak coupling.
Recently,

the QCD2 has been solved using n0n-Abelian

algebraic structure of U(N!
[J. Ellis et aL, Nucl.

for a special

x Arc) in which the Wes-Zumino term becomes manageable

Phys. B382,

Rep. 223, 309 (1993)].

bosonization

189 (1992); Y. Frishman and J. Sonnenschein,

Phys.

The solution is interesting, for example, by yielding constituent

quarks to be solitons of the bare quark fields. Some consequences of this QCDi solution
were examined by Ellis et aL only in the classical limit. We are examining quantization
of the solution using a WKB scheme.

Bound states of the solitons are obtained

by a

relaxation technique [W. Crutchfield, N. Snyderman, and V. Brown, Phys. Rev. Lett., 68,
1660 (1992)], and the bound-state
bound-state

motion.

poles are determined wi<ththe periods of the oscillatory

We will calculate the form factor of mesons for various coupling

strengths, and compare them with other QCD2 calculations

[F. Lenz et al., Ann. Phys.

208, 1 (1991); L. Salcedo, S. Levit, and J. Negele, Nucl. Phys. B361,
Jaffe and P. Mende, Nucl. Phys. B369,

585 (1991); and R.

189 (1992)]. We plan to examine how different

descriptions of a hadron, which are based on the current quarks and the constituent quarks,
emerge in this model.
(c) Correlation functions in the QCD vacuum
CoUaborator:
Current-current

S. Schramm (Postdoc, Indiana University)

correlation functions in the QCD vacuum describe propagation

of the

quarks and gluons at short and long distances. The importance of studying the correlation
functions to understand the structure of the QCD vacuum has been emphasized by Shuryak
[Rev. Mod. Phys. 65, 1 (1993); and references therein], who also calculated the correlation
functions phenomenologically
interpreted

and discussed how their small-distance

in terms of instanton liquid.

between the pseudoscalar

behavior can be

The behavior was found to be quite different

channel and other channels, which has been confirmed by a
10

lattice QCD calculation by M.-C. Chu (a member of the Kellogg group) and J. Negele's
MIT group [Phys. Rev. D48, 3340 (1993)].
We are making
compliment

a model

calculation

these two studies.

of the correlation

We use the Nambu-Jona-Lasinio

a flavor-mixing term to account for the UA(1)-symmetry
Klevansky, Rev.

Mod. Phys.

64, 649 (1992)].

functions,

which would

model for SU(3) with

break'ng [a recent review, S. P.

The model has the spontaneous

chiral-

symmetry breaking built in, but it has features of neither the asymptotic freedom nor the
color confinement (as in Shuryak's instanton calculations).

The model has an advantage,

however, of our being able to examine the role of the flavor-mixing term that represents a
part of the instanton effects.
We find that the model successfully describes the difference between the pseudoscalar
and other channels, and that little change occurs when we switch off the flavor-mixing term
in the model. Our finding implies that the instanton, which is crucial to UA(1)-symmetry
breaking, has a little role in generating the different behaviors of the correlation functions
in different channels.
Our calculation

requires a further rcfmement for properly treating the end-point

singularities that arise because of the cut off in the model. The presence of the cut off also
requires us to ensure that our preceding finding is cut-off independent.

The problem is

non-trivial because the procedure involves Fourier transforms between the momentum and
coordinate representations, in principle, requiring the information for the entire ranges.

II.7 Kaonie

Hydrogen

Collaborators:

atom

University of Tokyo and TRIUMF Groups

The previous three measurements
Lett.

experiment

cf the 18-2p transition X-ray [J. Davies et al., Phys.

83B, 55 (1979); M. Izycki et al., Z. Phys.

A297,

11 (1980); and P. Bird et al.,

Nucl. Phys. 482 (1983)] contradict the long-standing K-matrix analyses of various K-Nscattering data. The sign of the strong-interaction

shift extracted from the measurements

is opposite from the sign of the K-matrix analyses. Kecent phenomenological
R. Landau and his collaborators

[Phys. Rev. C42,232

analyses by

(1990) and references therein] and

by a Japanese group [K. Tanaka and A. Suzuki, Phys. Rev. C45, 2068 (1992)] seem to find
consistent fits to both the scattering and X-ray data, but the fits either behave strangely
below the threshold or have some difficulty in finding A(1405) (or, Y0"(1405)) resonance
with the correct mass.
11

•

A(1405) is a puzzling baryon:
seriously

debated

as a Elf or K-N

still a puzzle in QCD motivated
Callan-Klebanov
Establishing

Before the introduction

quantization)

bound
models.

state, a COD pole, or their mixture.
For example,

the Skyrme

It is quite important

interaction

is unclear whether the previous identification
is desired,

It is

SU(3) model (in

are vital to, for example, the

to obtain reliable atomic data.

Actually, the X-ray spectra obtained by the previous experiments

experiment

was

can predict its mass well, but bag models generally fail.

A(1405) and the low-energy K-N

issue of kaon condensate.

of QCD, its structure

are so poor that it

of the ls-2p X-ray peak is justified.

but such an experiment

is quite difficult

because Stark

A better
mixing

appreciably reduced the X-ray intensities.
We are participating in an experiment

with an experimental

group at University of

Tokyo [M. Iwasaki (p.i.) with R. Hayano and T. Yamazaki et al.] and with a TRIUMF
group [D. Gill et al.] that will yield the reliable Is-2p X-ray peak.

The experiment at KEK-

PS in Japan uses about 60 Si/Li detectors in the hydrogen gas target without Be windows,
which are being purchased by KEK for about $1 M. Our participation is not limited to
theoretical

aspects of the experiment,

such as cascade calculations

for determination

of

the density of the hydrogen gas target, but also includes preparing experiments and taking
shifts.

The principal investigator has participated

in two runs in 1992-93 and plans to

continue his participation as his time permits.
His participation

began when he was taking a sabbatical leave at the Institute

Nuclear Study, University of Tokyo, in the fall of 1992.
collaboration

for

Since then, his travel for the

has been supported under a NSF US-Japan travel grant (p.i., R. Redwine of

MIT). After April 1, 1994, his travel will be supported by the Japanese group. No cost
to DOE has been or will be involved with these experimental
investigator.
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activities by the principal

A

III. Contract

Personnel

and Dissemination

of Research

Results

1) Contract Personnel
Principal investigator: Ryoichi Seki
Caltech graduate student (40% support):

Tim Shoppa

2) Visitors (no cost to DOE):
Koichi Takayama (Grad. student,
R. Amado (University

Tokyo Institute

of Technology)

of Pennsylvania)

T. Humanic (Ohio State University)
3) Publications

and preprints

1. "Nuclear Transparency in Electron-Nucleus

Scattering,"

Nucl. Phys. A551,

687

(1993) (with A. Kohama and K. Yazald).
2. "One- and Two-Electron Atomic Screening in Fusion Reactions,"

Phys. Rev. C48,

837 (1993) (with T. D. Shoppa, S. E. Koonin, and K. Langanke).
3. "Pion Nucleon Interaction in Nuclear Matter Above the A Resonance Energy,"
submitted to Phys. Rev. C (with M. Arima and K. Masutani).
4. "Quasi-elastic Electron Scattering from Nuclei at High Momentum Transfers," in
preparation

(with A. Allder and S. Koonin).

4) Conferences and wcrkshops
1. Particles

and Nuclei, XIII Int.

paper presented, "Pion-Nucleon

Conf., June 28-

July 2, Perugia, Italy.

A

Interaction in Nuclear Matter above the Delta

Resonance Energy."
2. Workshop on Exclusive Reactions at High Momentum
Elba, Italy. Chaired a session.
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Transfer, June 24 - 26,

