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PREFACE

The year of 1990, the last year of the 7th Five-Year Plan of China, is a bumper har-
vest year for IHEP, within which the BEPC Project and some other scientific facilities
undertaken by IHEP achieved remarkable success in the fields of high energy physics
research, technological development, application of synchrotron radiation and nuclear
technology. The Beijing Electron Positron Collider Project and the Beijing Spectrome-
ter passed the acceptance and won the Supreme Award for Progress of National Science
and Technology in 1990. Beijing 35 MeV Proton Linear Accelerator won thejirst_award
for Progress of Science and Technology issued by the Chinese Academy of Sciences, and
two second awards n n p third_awjxd^one second award and one third award were won
for Natural Science. Academic exchanges and international collaboration have been
vigorously carried out, scientific R &: D work has been deepened further and the work
in management sector has been also improved gradually.

1. Progress of BEPC Project

The BEPC has been running stably since its first successful collision on October
16, 1988, to ensure the BES experiments and the initial commissioning of synchrotron
radiation.

The energy of the linac has been kept at 1.1 GeV,with electron beam intensity of 1
A and positron intensity of 5 mA.The average power of the klystrons is 17 MW, most
of them have worked for 18,000 hours. The linac was running for about 266 days(6000
hours) last year.

The peak luminosity of the storage ring has reached 2.63 X 1030cm~2s~1 at 1.55
GeV, its average luminosity has been OJ-O.SxlO^cm"2 s"1; the energy spread was
0.64 to 0.8 MeV, the lifetime of the colliding beams was 8-10 hours. It was running for
239 days ( 5400 hours ) last year, among which 145 days ( 3500 hours ) for BES and
synchrotron radiation.

Initial neutral triggering of BES was realized and 3 million 2ftp events were accu-
mi'lated in the first half of the year. After summer maintenance, the performance of
BES has further improved that it could run stably at high luminosity, 2xl030cm~2s~1.
The dead time of data acquisition system has reduced, counting rate and number of
good events have increased. Till the end of the year, another 3 million J/ip events have
been obtained. Sorting and track re-establishment of about half of ihe collected data
have been finished. The research on physics topics has thus entered into the stage of
quantitative analysis.

Beijing Synchrotron Radiation Facility (BSRF) was in the stage of all-round com-
missioning and testing. Erection of five beamlines and the related experimental stations
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were completed with initial application research being carried out while the integrated
commissioning was going on.

On July 21, 1990, under the auspices of the State Planning Commission, an accep-
tance meeting composed of more than 200 experts and scholars from the State Planning
Commission, the State Science and Technology Commission and the Chinese Academy
of Sciences was held. These delegates spoke highly of the BEPC Project which passed
the formal National Appraisal.

At the 25th International Conference on High Energy Physics held in Singapore
from August 2 to 8, 1990, IHEP reported at the plenary session as well as in the
parallel sessions on the data information obtained by BES in the first year and on the
status of BEPC respectively. The progress of BEPC and BES was highly appraised
by the physicists present at the conference. It was the first time in history that the
Chinese physicists reported their own physics results with their own machine at the
International Conference on High Energy Physics. The Chinese scientists on both sides
of the Taiwan Straits took pride in this. China has finally got her commensurate place
in the field of high energy physics research.

From December 25 to 27, 1990, the Users' Meeting of the Beijing Synchrotron
Radiation Facility was convened by the Chinese Academy of Sciences. More than 120
delegates from more than 40 institutions attended the meeting which further enhanced
openness to domestic users for the research of synchrotron radiation application.

The Test Beam successfully tested the photon-produced 7r mesons of 150 - 600
MeV/c. In June it successfully passed the technical appraisal of the Chinese Academy
of Sciences and catered for detector calibration and applications.

The construction of the computing center was busily carried out while it had to
support the BES off-line data analysis. The CPU capability was updated to 20 MIPS
with VAX 6330 being put into operation. The VAX computer network extended to
nearly 30 nodes and formally connected with the international computer network. Thus
the quality of communication has been greatly improved, the computing and computer
network environments have also been improved.

2. Basic and Applied Basic Research

Basic research and applied basic research have been carried out around particle
physics, cosmic ray physics and nuclear technology. And we have practiced tracking
management over 101 scientific projects.

In the field of theoretical physics, much work has been done on charm physics in
collaboration with experimentalists. Some of high level research work in such important
frontier fields as standard model test and inner quark freedom has also been done. In
the field of cosmic ray and high energy astrophysics, the Sino-Japan cooperated air
shower array in Yangbajing Tibet was put into operation in the second half of June to
drift-scan the possible super high energy cosmic 7 ray sources. The air shower array
in Huirou station passed the acceptance test by the Chinese Academy of Sciences in
June ani was put into operation in the same month. The Cherenkov telescope in



Xinglong was put into operation in March after improvement, now initial results have
been achieved. On the other hand, our institute also carried out long-time balloon
flying experiments in collaboration with the Soviet Academy of Sciences.

For years, we have participated in the collaboration with CERN L3 and ALEPH
groups; the data acquisition and data analysis of the above two groups have made some
progress. In addition, R& D on new detectors was also carried on.

In the field of nuclear analysis and the application of nuclear technology, the five
national key projects of the 7th Five Year Plan undertaken by IHEP all were finished
and passed the national appraisals. The status of subjects supported by National
Natural Science Foundation of China (NSFC) and the subjects entrusted by other
institutions is pretty good.

The proton linac run for 4000 hours last year. The large dose thallium-201 has
been successfully produced and tested by the Institute for Pharmaceutical Control
under the Ministry of Health. The test proved that the medicine reached the American
Pharmacopoeia standard with 30 clinical experiments. In the field of neutron therapy
for cancer, we finished experiments for neutron radiation physics and in collaboration
with other units we has carried out neutron cell radiation test in neutron radiation
biology with good results.

3. Scientific and Technological R & D
In 1990 by the principle of " adjustment, perfection, support and pioneering ", IHEP

made headway in R & D work both in management and economic results. In accordance
with the actual conditions of the institute, the R & D in the form of companies made
good progress.

The international R & D work managed directly by the institute leading group has
went on pretty well through the efforts of the Machine Shop and the research divisions
related. In addition to the fabrication of accelerating components for USA and Italy,
most of the components for South Korea has been finished; the first batch has been
delivered.

In line with the requirements "to decrease quantity and to improve quality" of the
Chinese Academy of Sciences, we made further rectification of the companies of IHEP.
Tong Li Company was rescinded. Four companies, San Gao Company, Gao Neng
Company, Si Da Company and Zhong Yuan Company, which integrated technology,
industry and trade had boosted their economical profits and benefited to the society.

The radiation accelerator made by IHEP for the Science Radiation Company has
been transported to Yan Tai, the site for installation, erection and commission had
started. The machine have all met the design specifications.

4. Academic Exchanges and International
Cooperation

To carry out academic exchanges is beneficial to the animation of academic thoughts,
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excitation of creativity, inter-infiltration between different disciplines and promotion of
the exchanges of different scientific research work and the cultivation of talented people.
Better results have been achieved by organizing academic exchanges and conferences at
various levels . We organized the Workshop on Charm Physics and the Users' Meeting
for Synchrotron Radiation in 1991. And we sent 23 persons to attend 14 international
conferences such as the 25th International Conference on High Energy Physics etc..
In theoretical physics, there were 25 conferences which we attended last year and 84
articles were published, among which haif was published abroad, and we printed 41
preprints. Altogether there were more than 300 articles from our institute published
at home and abroad.

To encourage the initiative of the young, in 1990 we elected five persons for the
"Award of Young. Scientists" and 10 "Excellent Articles" by young scientists.

The journals of IHEP, " High Energy Physics and Nuclear Physics" won a second
Award for Excellent Natural Science Magazine, and "Knowledge for Modern Physics"
won Award of Excellent Science Popularity Magazine. During the year we published 6
issues of "BEPC News" in English and Chinese. We also published the Selected Works
of Zhang Wenyu and edited the Selected Works of Chao Zhongyao. Internally we edited
BEPC Photo Album, Selected Treatises of Graduates from IHEP, Proceedings for the
Fifth Conference on Cosmic Ray, and the Selected Speeches at the Academic Report
Meeting on the Review of the Development of Particle Accelerator in the past 40 years.

In last year we had received 200 visiting scientists from abroad and sent 156 abroad,
among which 125 people were sent antfinvited in line with our agreements with those
major world high energy physics labs in USA, Western Europe, Japan, Italy and Soviet
Union.

In October 1990, at the 11th Joint Committee Meeting the US side proposed a
collaborative physirs experiment program on BEPC with BES. In December the same
year, Prof. Burton Richier, Director of SLAC came to visit IHEP to sign the Memoran-
dum of Understanding governing this collaboration. At the same time we sent people
to SSC, L* and SDC to participate in collaborations. In addition, we also discussed
and signed an Agreement of Intent on further collaboration with POSTECH, South
Korea.

Fang Shouxian
Director of IHEP
February 22,1991
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I. THEORETICAL PHYSICS

1 Particle Theory

In addition to our previous research works, the theory group of particle physics
devoted to the works on the theory of particle physics, gravity theory, cosmology and
mathematical physics. Altogether, 58 papers were published and 17 contributions were
presented in hemstitch and international conference in 1990.

1.1 Particle Physics and Field Theory

1.1.1 Phenomenology of weak interactions, heavy flavor
physics and CP violation

All the Ds decay measurements are normalized to the branching fraction Br(Da —>•
4>x). In addition, the extraction of the branching ratio of Br(B —* Ds Xi) from a
measurement of the bottom decay of B -* D, Xj —* <f>irXi for a final state X( needs
to know the absolute branching fraction Br(Da —> <j>ir). We estimated this absolute
branching fraction with use of D° —• K*K data. The result is Br(D+ —* 4>ir+) ~
2.4% - 6.5%.

We also investigated the CP-violating effects in the two-body baryonic decays of
Bd,Bs systems. The CP asymmetry parameters were estimated, the number of bb
pairs needed for testing these asymmetries were presented, and the promising channels
were found.

We further investigated the influence of the final state interaction phases to the
CP violation in the decays of B® -* D+D~,K+D~,K+K~ etc., and found that this
influence is quite large.

In addition, we proposed several models which can accommodate spontaneous CP
violation and natural flavor conservation. One has multi-Higgs doublets and four gen-
eration of light quarks and leptons, the other has three families of quarks and leptons.
We also discussed the relation between KM matrix elements and quark masses and give
some constrains to the top-quark mass.



1.1.2 About the Theoretical Explanation of the Protons Missing Spin

It is shown that the observed small value of the integrated spin structure function for
protons could be naturally understood within the naive quark model by considering the
effect from Melish rotation. The key to this problem lies in the facts that deep inelastic
process probes the light-cone quarks other than the instant-form quarks, and that the
spin of the proton is the sum of the Melish rotated light-cone spin of the individual
quarks other than simply the sum of the light-cone spin of the quarks directly.

1.1.3 QCD theory and its application:

We proposed three methods for the determination of a, by measuring some special
cross-section differences in hadronic collisions:

(i) to measure the ratio

da(pp -» 7 + jet + X) - da{pp - 7 + jet + X)
da(pp -> 27 + X) - da{pp -> 27 + X)

(ii) to measure the ratio

da(K~p -> 7 + jet + X) - do(K+p -> 7 + jet + X)
da{K-p -> 27 + X) - da(K+p -> 27 + X)

(iii) to measure the difference

da(pp -> 2jet + X) da(pp -* 2 jet + X)
d pjj T d cos 6^ d cos 8j2 d pj} j d cos 6j1 d cos 9j2

In these methods, the computed ratios as/a depend on neither gluon and sea quark
distribution functions nor any other pardon fragmentation functions. So we can deter-
mine as more precisely.

We also proposed a kind of meson wavefunctions and discussed their properties.
We calculated systematically D and B meson decays using these wavefunctions. The
results relevant to D meson can be tested on BEPC. W analyzed all the present pionic
wavefunctions in detail and discussed the extent to which these 7/avefunctions fit the
physical processes. In addition, we calculated light D~ meson mass spectrum and decay
constants where we considered the effects of non-perturbative one-gluon- exchange po-
tential. Furthermore, we put forward a semi- phenomenological determination of quark
condensate using the consistent equation for quark condensate and obtained reason-
able results. Finally, we discussed the modifications of composite model to Z hadronic
decays. The deviation from the standard model can be tested on LEP due to the large
statistics of Z boson.



1.1.4 Supersymmetry

We investigated the general conditions for the existence of N = 1 supersymmetric
Yang-Mills theories finite to all orders. The method we used is to redefine the coupling
constants such that both the gauge coupling /^-function and the anomalous dimensions
of the gauge superfields and chiral superfields vanish. The explicit expressions for
these general condition involve solutions of an infinite number of equations. We gave a
criterion for the existence of the solutions of these equations.

1.1.5 Standard model and beyond

We suggest two models of Skyrmions. In one of them the vector mesons Z° and
W^ may stabilize the Skyrmion formed by Higgs bosons. In the other Skyrmion is
composed of three preons via the interaction with the Higgs bosons.

We calculated the width of Z° —• /x+/i~,gg, and compared with EQ, LR model in
another model in order to identify the origin of an Extra Z° boson.

We find that the light neutral Higgs boson in the mass range below 2 GeV can be
determined clearly by Z-line shapes provided the event number of Z —» hadrons or
charged leptons is enhanced to 106 or more.

1.1.6 J/ip Physics

For BEPC physics we investigated the new hadron states which are produced in
J/V7 radiative and hadronic decays. The generalized moment analysis (GMA) has been
provided; we have given the helicity formalism of the angular distribution for each cases
in which e+e~ —> J/TA —» 7(V) + X and V, X in turn decay into 2 or 3 pseudoscalar
mesons and used the GMA to these processes; some relations which are helpful in
determining the spin-parity and polarization parameters of the boson resonance X have
been derived; we have also given an effective method to search for the 1~+ exotic state.

For the complicated structure of the resonance peak produced in the J/T/> radiative
decay and the interference effect between various states in the peak we have made
some considerations and got some new results. As a main point we have discussed how
to observe the 0//2(172O) and G(1590) which may be in the wide resonance peak at
about 1.7 GeV and given a possible and direct check for G(1590) as the O++ glueball
candidate.

For the glueball theory of the £(2230) we have discussed two possibilities with mas-
sive and massless constituent gluons on the basis of its polarization structure.

The mixing mechanism of three axial vector mesons /i(1285), /i(1530) and E/fi(1420)
has been discussed. The results show that the E/fi(1420) has a main component of
the glueball. At the same time we have calculated the polarization parameter of the
E/fi(1420) produced in the J/ip radiative decay.



For BES experiments at BEPC our proposals have been accepted and some prelim-
inary results have been obtained.

1.1.7 Lattice gauge theory

Using variational-cumulant expansion, we calculated the phase structure, critical
behaviors and effective potential for one- component and four-components lattice <f>4

theories respectively. Our results obtained from this analytical approach are consistent
with present MC numerical results quite well. The critical behaviors of < <f> > and WIR
derived show that the lattice <j>4 dimension is trivial. It is important for understanding
and developing weak-electromagnetic unified theory. We also calculated the internal
energy, specific heat and spin averaged value for 3 dimensional, 3-states Potts model.
These analytical results are also consistent with the present relevant MC numerical
results. We found that there does exist a weak first order phase transition. It clarifies
the discussion about the order of phase transition in Potts model and STJ(3) gauge
model.

1.1.8 The Relativistic Two Level Convolution Model of the EMC Effect

A relativistic two level convolution model for deep inelastic lepton nucleus scattering
is developed in which the target nucleus is considered as a composite system of baryon-
mesons which are also composite systems of quark-gluons supplying each level based on
the light-cone quantum field theory respectively. This model has the advantages that
the impulse approximation is justified, the baryon number conservation is naturnaly
guaranteed and the oiT-shell ambiguities in the conventional nucleonic approach are
avoided. The scaling variable for bound nucleons is derived in a realistic way from
the constraint of overall "energy" conservation, and a reliable two le^el convolution
formula for nuclear structure function is given, indicating that the European Mown
Collaboration effect seems to be unambiguously a signature for non-nucleonic degrees
of freedom in nuclei.

1.2 Mathematical Physics

Solutions to the Yang-Baxter Equation and An XXZ Spin Chain Model

Based on Jirnbo's theorem, we developed a systematical method for construct-
ing the spectrum-dependent solutions to the Yang-Baxter equation, and computed
the qua,ntum representation matrices, quantum Clebsch-Gordan coefficients, spectrum-
dependent solutions to the Yang-Baxter equation and link polynomials related to the
following representations of the quantum universal enveloping algebras: the general
representations of q — s£(2), 6- and 8- dimensional representations of q — s^(3), spinior
representations of q - B(, minimal representations of q - G2, q — E4, q — EQ and q — E7.
Especially, this method is suitable to the lessdiscussed cases where the Clebsch-Gordan



series is not multiplicity free (e.g. the case of the octet representation of q — sf,(3)).
Recently, we discussed an XXZ spin chain model with the symmetry of the quantum
group. We reduced the Hamiltonian equation to be a set of coupled linear algebraic
equations. When q is a root of unity, we discussed the conditions of the appearance of
the reducible but indecomposable representations and their properties.

1.3 Gravity theory and cosmology

We studied the equilibrium system consisting of a Schwarzschild black hole and
radiation and proved that the equilibrium will be stable only when both Erad < M/4
and Teq < Tviarij, are satisfied at the same time. In addition, we investigated the
relation between black hole thermodynamics and back-radiation of Hawking radiation
on space-time further.

1.4 Others

1.4.1 The Hadron's Properties in Events e+e~ —> hadrons

The total energy in 91.20 GeV, we measured the Sphericity Oblateness. Thrust,
Pin, Pont, Rapidity and Multiplicity of hadron events. The results have been corrected
bin by bin using Monte- Carlo simulation and compared with the theory. We find that
the results is in agreement with parton shower model and not with ME model.

1.4.2 The Study About Triple Gluon Vertex

QCD is a non-abalone theory. One of its property is that there is self-interaction
vertex of three gluons in it and it gives different results from abalone theory. We
measured the angular distribution between two planes in 4 jets events. One of these
planes is formed by two quark jets and the other one is formed by two gluon jets. If
there are no triple gluon vertex, then the distribution of this angle is in preference to
90%, otherwise is isotropical. The problem is how to determine which are quark jets
and which are gluon jets. Using Monte-Carlo simulation, we find that if we take the
two jets, which have large transverse momentum relative to the axis of jet, as gluon
jets and two other jets as quark jets, then about 90% of events are correct. With this
assignment, we find that the angular distribution mentioned above is isotropical. That
is to say there do exist three gluon vertex.

2 Intermediate and High Energy Nuclear Theory

In 1990, 41 pr.pers have been completed, 30 papers published, 18 invited talks pre-
sented in different conferences. The main results are in the following 6 subsections:



1. Quarks in nuclei

2. Meson-nucleus interactions

3. EMC effect and other problems

4. High energy nuclear collisions

5. Nuclear cluster structure

6. Nuclear Double /J-decay

2.1 Quarks in nuclei

In the field of "Quarks in Nuclei", following three aspects are intensively studied:

1) The equivalent si; rle meson exchange potential, including n—,r)-,T/-,p—,u>—,
and yj-meson exchange0 and equivalent 27r-exchange potential are derived in the quark-
antiquark pair creation model. By employing these potentials, the mediumrange at-
traction of the Nucleon-Nucleon interaction can be partly given. But the s-wave phase
shifts still cannot be satisfactorily explained due to the weakness of these potentials.

2) The hyperon-nucleon interaction is intensively investigated. In the hybrid model,
this interaction is derived and the experimental data can be reproduced. In order to
understand thoroughly this interaction in the quark degree of freedom, the phase shift
equivalent potential between the hyperon and nucleon is further calculated. With these
potentials, dihyperon-nucleon interaction is being studied.

3) The color screening effect of the confinement potential is investigated. By using
the confinement potential in the error function form, the hadronic spectrum is re-
examined. It is shown that the energy level of N=2 is evidently improved.

2.2 Meson-Nucleus interactions

In the framework of the DWIA, a systematic analysis is performed for pion double
charge exchange to the double isobaric analog states in the energy region between a few
tens of MeV to 300 MeV. Many physics factors which may affect the DCX scatterings
are investigated.

By using the many-body field theory and the N* (1535) model, a microscopic 77-
nucleus optical potential is constructed. From this potential, we find that the separa-
tions between the binding energies of the »7-nucleus bound states are smaller than the
decay widths of the levels, which makes the experiment of searching for the 77-nucleus
bound states impossible.

/<"-captures in nuclei are studied in more detail. Precise measurements for different
isotopes make it possible to learn the neutron distributions in nuclei. r~-capture in
nuclei is also explored.



2.3 The EMC Effect and Other Problems

1) By using the extended x-rescaling model proposed by us, the EMC effect, together
with the nuclear shadowing and antishadowing effects, are well described and the ratios
of Fe to D Drell-Yan cross section are calculated. It is shown that the prediction of
this model for the nuclear Drell-Y'an Process is in good agreement with the latest
experimental data.

2) The possibility of the formation of 7?-mesic nucleus is discussed by using a standard
Green's function method in many- body theory. It is shown that the formation of the
77-mesic nucleus ^6O bound state is possible due to the i]NN*(^, | ) interaction being
attractive. However, the width of this bound state is larger than its binding energy,
which would make the observation of .such a state difficult.

3) An ij — N interaction potential via the channel: TV* -* 777V are derived. By using
this potential, the ?/- Ar s-wave scattering length ao and the potential well depth Dv of
;(-meson in nuclear matter are calculated. It is shown that the theoretical value of ao is
in good agreement with that obtained by analysing the n - N scattering experimental
data and the calculated value of Dv is about the same as other theoretical predictions
for finite nuclei.

4) The receiit progress in the experimental and theoretical aspects of hypernuclear
physics is reviewed.

2.4 High Energy Nuclear Collisions

1) in the investigation of relativistic heavy ion collisions (R.HIC), the geometrical
participant-model is improved by including the influence of non-geometrical effects. On
the other hand, considering the energy loss in each N-N collision the behavior of the
leading particles in N-A processes is analyzed for extending to A-A processes. On the
other hand, by introducing a phcnomenological parameter the contribution of secondary
collisions to the transverse energy (Ex) and the multiplicity (11) is described and the
rapidity distributions of E± and 11 at CERN are analyzed.

2) Based on the work in 1980 the increase of the K+/K+ ratio in R.HIC is further
investigated by improving the geometrical model involving secondary collisions. Special
attention is paid to the systematic analysis of the cross sections of different reaction
channels.

3) Detailed review talks of the general phenomena, the reaction mechanisms and
various signatures of QGP formation in R.HIC are presented at several conferences and
symposiums (both national and international).

4) The importance of the virtual excitation of low-lying vibrational states is discussed
in calculating the differential cross section of hadron-nucleus or a-nucleus collisions at
180-340 MeV/N.



2.5 Nuclear Cluster Structure

The study of the cc-particle structure of light nuclei has made new progress.

1) The point of view of the nuclear a:particle structure has been examined by means
of the proton-nucleus elastic scattering. The complete amplitudes for p-4He scattering
at various energies are obtained by fitting the data. Based on the a model, the cross
sections and polarizations for the P - 1 2 C,160 scattering h-ve been calculated in the
whole intermediate energy region. In the same frame, a similar calculation based on
the nucleon-model has also been carried out. The results show that the a-model gives
a better agreement with the data than the nucleon-model does.

2) The large-angle excitation functions for the pion-nucleus scattering have been
calculated using a theoretical optical potential constructed by the a-particle model.
The results show considerably improved agreement with the data over the Kisslinger-
type potential.

These studies provide the additional supports to the point of view of the a-particle
structure for light nuclei.

2.6 Nuclear Double /?-decay

A new type of nuclear core polarization in neutrinoless double beta decay is pro-
posed. The numerical calculation for 48Ca ov0/3 decay indicates that the nuclear matrix
element of this nuclear core polarization should be considered.

The nuclear OI/0/3 decay with emission of a Majoron is discussed by means of a
diagrammatic effective operator approach. The effective Majoron Coupling to neutrino
is obtained.

The some mechanism of double Mta decay has been analysed further.



II. EXPERIMENTAL PHYSICS

1 Cosmic Ray Physics

1.1 High Mountain Emulsion Chamber Experiment

New Emulsion Chambers were not constructed in 1990. K9 chambers were main-
tained. Lead plates were transported to Yangbajin for the sake of preparation for joint
experiment with EAS. K9 X-ray films were processed, 5 events with J2 Er > 500 Tev,
and a clear circle event have been obtained. K6, K7 X-ray films have been checked
up and measured. Various simulation distributions from HDSQI model were compared
with the experimental results. Following the result that the intensity of high energy
gamma-rays varies with altitude, the hadronic intensity at 6500 meter above the sea
level were obtained, so the variation of hadronic intensity with altitude can be showed.

1.2 EAS Research

Huairou EAS Observatory have passed through the formal appraisal organized by
the Academia Sinica at early May. Now, the observation data are accumulated for
physical subjects such as EAS size spectrum, primary energy spectrum of UHE cosmic
ray in the energy region surrounding the 'Knee'. Meanwhile, a 20m2 underground muon
detector consisded of 20 pieces of lm2 acrylic scintiliators are under test.

After tentative running, Yangbajing EAS Array (4310m above sea level, 90Km
northwest from Lasa, Tibet, cooperating with Japanese) have been enlarged with 16
surrounding detectors and completed the optical fiber cable putting, the whole system
including laser calibration system and 2G Bytes video tape recording system started
running since the end of June. From August to September some high voltage power
supplies and modules had been repaired, the array was operated for formal observation
on UHE gamma-ray point sources steadily with 20HZ high trigger rate. The threshold
energy is 4xl013eV, therefore, the array has the capability to observe the 7-ray point
sources between the energy region covered by the mirror experiment and the array
experiment on ground level.



1.3 Physics Study of Ground-based Cosmic Ray Experiment

In order to study the phenomena of rapid energy attenuation and large transverse
momentum production in ultrahigh energy cosmic ray cascades, an approach in which
the jet multiple production(or parton multiple scattering) is described by QCD has
been proposed. In SppS energy y^=546 GeV the Monte Carlo code is completed.

To improve the model of superhigh energy nucleus-nucleus and hadron-nucleus in-
teractions some investigation has been started.

1.4 Very High Energy Gamma Ray Astronomy (VHEGRA)

The first VHEGRA telescope, called as ACT-1 and located at Xing Long Station
(Longitude 117.585°E, Latitude 40.393°N, Altitude 940m), has been operated at all
moonless and cloudless night in 1990 by drift scan mode. Therefore we got lots of
data about VHEGR flux at different galactic latitude and some experiences to improve
the accuracy of observed data. We have shielded photomultipb'ers of ACT-1 from
geomagnetic field and added a servo system which pads the brightness of the region of
sky being observed and hence keeps the gain of photomultipliers being constant.

The second VHEGRA telescope ACT-2 was mounted at Xing Long station in the
end of 1990 in cooperation with Beijing Observatory. It can track celestial object under
the control of microprocessor and also has all functions which ACT-1 has. Its probe,
fast electronics and data acquisition system has been adjusted, and its tracking system
is going to be adjusted and calibrated. The ACT-2 telescope is going to operate in
1991.

2 High Energy Astrophysics

2.1 Detector Development

2.1.1 Phoswith Detector for HAPI-4 Telescope

All structures of the detector have been manufactured and the methods to seal
crystals are studied and decided. Design of high voltage supply with high stability of
0.03% for photomultipliers and prototype had been done. Designed and manufactured
amplifier with adjustable gain up to 30 times and with four input signals has a time
delay less than 50 ns. The follower, high voltage monitor and other electronics for the
detector also have been made.

In order to improve the performances of the detector, a new method was studied
and get positive results by means of optical compensation on the interface between
CsI(Na) crystals and photomultiplier surface to improve the energy resolution. Also, a
number of experiments have been done to compare the efficiency of light collection with
different reflectors and optical silicon gels in the crystal case as well as to measure the
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relationship between focus voltage and uniformity of the cathode of photomultipliers.
The parameters of photomultipliers also was decided.

2.1.2 High Pressure Xe MWPC and Hard X-Ray Space Telescope

All components of high pressure Xe multiwire propotional Chamber (HPX MWPC)
with thin window on both sides have been fabricated. The construction of the HPXMWPC
was completed. The sensitive area of this chamber is 2500cm2. It consists of 65 single
anode cells divided into 5 layers. The sensitive volume of each cell is 3x3x65cm3. The
chamber is filled with Xe(98%)-CH4(2%) mixture to 3 atm. It will be employed in
balloon borne hard X-ray telescope HAPI-4 in the energy range of 15-150KeV.

The anode wires were replaced and their stringing and soldering of STAR-1 MWPC
with 500cm2 sensitive area have been done. The improvement in the data acquisi-
tion system and reconstruction of the gondola for STAR-1 hard X-ray telescope have
been finished. On 12th June, 1990, solar flares were observed by using balloon borne
telescope STAR-1 at altitude of 37km. Solar X-ray spectrum at quiet sun has been
measured. But we haven't observed the solar X-ray bursts associated with solar flares
during this flight.

2.1.3 Study of Space Observation Data Acquisition System

The fror.t-end signal acquisition electronics for the Hard X-Ray astronomy telescope
HAPI-4 have been completed. As well as the synchronous digital sequences demod-
ulator; the attitude control system; the making of intelligent data acquisition circuit;
CMOS STD BUS microcomputer system manufacturing and its engineering test by the
balloon; 16-channcl temperature sensor signal measurement circuits and programming
of House Keeping software.

One of the previous terms, the front-end signal acquisition electronics system is
designed to use in the HAPI-4 telescope which is a kind of large Hard X-Ray detection
equipment carried by balloon. The system consists of pulse shape discriminator; peak
detectors; single channel analyzers; discriminators; sample and hold units; trigger, ADC
and other circuits.

Moreover, the attitude control system, which is the directing constituent for the
II API-4 telescope, has been made included geomagnetic sensor; Sun sensor with circuits;
control unit and power amplifiers for step motors and torque motors.
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2.2 Data Analysis and Theoretical Research of
High-Energy Astrophysics

2.2.1 Theoretical Research

The direct method for image restoration and spectral deconvolution is developed.
We gave the positions and fluxes of seven strong gamma-ray sources in the Galaxy for
the measured energy range 40 50 MeV by analysing the gamma-ray satellite COS-B
data. A new 7-ray image of the Cygnus region is derived. We analyzed the X-ray
spectra and XUE excess of some AGN's. The X-ray Spectra and evidence of a line
feature at about 13 KeV are obtained for AGN ZWII.

Other topics, such as the large scale structure of the Universe, universe resolution
of the Einstein equations and dark matter, properties of high energy nuclei-nuclei in-
teractions were studied and obtained new results.

2.2.2 Data Processing System for High Energy Astrophysics

A local computer cluster consisting of VAX-11/750, VAX3800 and VAX3100 station
has been established and network connected with the computer center of IHEP. The
software system of the Image Reduction and Analysis Facility(IRAF) for astronomy
data treatment and the Einstein database of IPC and HRI FITS images are installed
in this computer system.

2.3 Scientific Balloon

2.3.1 New Balloon Film

A new type of balloon film named CBF-C1 was developed in 1990. The new material
is mixed by LLDPE and LDPE. It makes a great progress in the properties of the film.

Specifications of CBF-C1
Width

(m)

1.4

Thickness
(/im)

20

Thickness
Error(90%)

17-23

Ultimate
Strength kg/cm2

MD
347.5
761.5

TD
360

565.4

Ultimate
Elongaltion (%)
MD
553
325

TD
663
269

Test
tem.

18
-80

Cold
brittleness

-90
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2.3.2 Balloon Flight

Balloon
No:

QJ-50-07
QJ-50-08

QJ-50-09

QJ-50-10

QJ10-02

QJ50-11
QJ120-05

QJ30-07

QJ30-08

QTl-20

Experiment
item

New film test
Old film
(for contrast)

Old film
(for contrast)
Telemetry/tele-
command & CMOS
computer test
Atmospheric
experiment
Microgravity test
Hard X-ray obser-
vation to the Sun
Far infrared astro-
nomical observation
Atmospheric
experiment
O3 and wind
field measurement

Fli.
date

5.11.
5.15

5.17

5.21

6.1

6.8
6.13

6.18

6.22

6.23

Balloon
Volume
(m3)
50000
50000

50000

50000

10000

50000
120000

30000

30000

10000

Pay-
load
(kg)
202
231

233.5

198.0

263.6

309.6
324.5

240.0

270.0

3

Flight
Alt.
(km)
34.6

34.2

35.0

10.5

37.6

32.8

32.5

33.4

Flight
dura,
(hrs)
4.5

3.0

6.0

2.0

3.5
7.0

5.5

3.5

3.5

Recovery

succes.

succes.

succes.
gondola
broken
succes.

succes.

Remark

successful
Broken
when
inflation
successful

succes.

unsufficient
lift force
succes.
succes.

succes.

succes.

succes.

2.3.3 Sino-Soviet Long Duration Balloon Flight

The first long duration balloon flight from China to USSR was carried out success-
fully under the collaboration between IHEP and the Lebedev Physics Institute of Soviet
Academy of Sciences. The balloon with volume of 180,000 cubic meters was launched
at 7:30pm, August 5 from Xianghe, Hebei province. After flying 4200km, the gondola
landed near Tashkent of USSR. The total duration was about 70 hours. The payload
was 1000kg, including two emulsion chambers(total 0.5m2), a CR-39 plastic track de-
tector set, some samples of plant seeds and microbe, and the telemetry, telecommand
tracking and ballast control devices. The COSPAS satellite nevigation system was used
to get the data of latitude and longitude of the balloon position. Information exchange
between two sides was through AFTN network of Air Traffic Control Service of two
countries. It announced that the longest international air line for balloon flight on
north hemisphere has been opened.

3 International Collaboration
3.1 ALEPH Collaboration

62 muon chambers with dimensions of 4x4.2 to 4x7m2 have been assembled and
tested partly for the muon detector of ALEPH Set-Up. Some of them have been
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installed at the point 4 of LEP and are running at present.

The facilities for the measurement of the spatial resolution of staggered-located dou-
ble layer of streamer tubes have been finished, which simulates the geometry arrange-
ment of double layer of the muon detector of ALEPH Set-Up. The inductive readout
system of the strips attached to the double layer of streamer tubes, the data acquisition
system, and the analysis software have been completed. It is ready for operation.

We take part in the running of ALEPH Set-Up and some software and physics
analysis work have been done. In Beijing the works which we have been done are
briefly as follows:

(1) Updated the data analysis software packages, such as the new version of Monte
Carlo software package GALEPH the event reconstruction program JULIA and the
physics analysis program ALPHA have been mounted and tested on VAX of the com-
puter center of IHEP.

(2) The data of ALEPH experiment have been loaded into our computer VAX net-
work and read out.

(3) Some topics in respect of hadronic inclusive and semi-inclusive parameters and
characteristics, i.e.the study of intermittence ê Fect, hadronic inclusive and semi-inclusive
distribution characteristics and rapidity correlation of forward- backward multiplicities,
have been calculated and obtained some preliminary results.

3.2 L3 International Collaboration

We are engaging in data analysis of L3 experiment and R & D of thin gap chambers
at IHEP, Beijing and made good progress in both of the two tasks.

(1) Software: The data of L3 experiment have been sent back from CERN and
analyzed the at IHEP, Beijing. Mainly we have studied and analyzed the e+e~ —• T+T~
process.

1) e+e~ —> T+T~ event selection has been studied carefully. We've developed two
kinds of r selection: Inclusive and Exclusive criterion.

2) Analyzing of the Monte Carlo data of e+e~ -* T+T~, qq,e+e~ ,fi+fi~ and two
photon process, we calculated the acceptance for e+e~ —> T+T~ and estimated the
backgrounds. The result shows that the backgrounds from two photon process are
negligible.

3) Particle identification of decay products of r has been studied carefully. At
present e, fi and hadron are identified well. Analyzing in detail the data of beam test
for L3 Calorimeter in 1987, we have developed the ukey" cut and the "A" cut. The
identification of e/7r reached 93% in the energy region between 4 to 20 GeV and 97%
at 20 GeV.

4) The selected data of e+e~ —• T+T~ were analysed for several subjects. The
radiation correction has been included in the fits. We got the preliminary results about
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the 7J° lineshape, .\fz.V:. the forward-backward asymmetry, topological branch ratios
and polarization asymmetry of c+c~ —• T+T~ and so on.

5) The light collection in liquid Xenon has been studied with Monte Carlo simulation.
This is the task of R&D for L* experiment. The distributions of light collection effect
at different points in the detector were obtained.

Two physicists have been sent to CERN and participated in data analysis of 1,3
experiment at CERN.

(2) Hardware: We are continuing the R. & D of the sampling calorimeter with thin
gap gas chambers. Such kind of calorimeter is hopeful to be used in experiments at
next generation acce)erator(for example, SSC or LUC).

1) We tested the performance of thin gap gas chamber and got experimental data
and preliminary results.

2) Twenty four thin gap gas chambers were produced. The geometry parameters
of the chambers are: the distance between anode and cathode plane is 1.5 mm, the
sensitive volume of the chamber is 12 x 12 x 0.3cm3, the diameter of the anode is 50
fim, CO2 + N-pentane gas is used as working gas. High tension test for the chambers
has been done, the performance of the chambers was measured with l06Ru source.

3) Copper and Aluminum absorber plates with total thickness 2 Xo and 15 Xo were
designed and machined. A calorimeter module with twenty chambers and absorbers
was assembled.

4) An on-line system for electronic measurement of calorimeter with IBM-PC com-
puter has been established. This system was designed for cosmic ray and beam testing
of the module.

The module test with cosmic ray has been done. The energy resolution for minimum
ionizing particle with cosmic ray test can compare with one of the calorimeter with other
gas Chambers.

5) The module has been tested with testing beams at BEPC. The beams with the
momentum between 50 MeV/C to 350 MeV/C were used for the testing.

3.3 LVD International Cooperation Experiment

These works have been done for LVD experiment in 1990.

(1) There are six scientists and technicians of IHEP effectively worked on LVD
experiment in Gran Sasso Lab. Italy.

(2) A calculation of rigidity of the whole world have been done for the calculation
of atmospheric neutrino spectrum.

(3) Some software have been made prepared to analyze LVD data.

(4) In order to improve the solar neutrino detection of LVD, some scintillation,
cherenkov experiments and calculations have been done.
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4 Other Physics

4.1 Test Beam

The main work clone by Test Beam Croup (TBG) in 1990 include.) the following:

(1) Hadrons had been detected in the secondary beam

With the TBG members' great efforts and meticulous maintenance, all the basic
equipments, such as power supplies, magnets, vacuum system, beam transmission sys-
tem , control system , generating target, shielding walls, detectors and data acquisition
system had been installed and kept in good status. The operation and data acquisition
was began in March of 1990, and kept being normal since then. In April, 1990, the
secondary e+ , pion and P were successfully identified, their momenta from 120 MeV/C
upto 500 MeV/C, with ±1.7% of selected momentum error. Till the end of this experi-
ment, over 200 original data files had been acquired. The data processing software also
had been formed.

(2) Test Beam got through the technique appraisal

After a period of normal operation, the facilities were proved to be qualified to get
through the technique appraisal. So much preparation had been made for it, such as
compiling a report "The Study and Construction of Test Beam of BEPC", filing and
video recording. The parameter test v/as made before the appraisal. On June 18, 1990,
Test Beam passed through the appraisal sponsored by Academia Sinica. The Appraisal
Committee affirmed the several years' work of TBG, held that the first goal of TBG had
been achieved, and commended the hardworking and thrifty spirit of TBG members.
The Committee hoped the Test Beam being applied as soon as possible.

(3) The Applification was in progress

After the appraisal, there were many foreign and domestic parties asked to use the
Test Beam of BEPC or cooperate with TBG. Two items of cooperation were choosed
and started rapidly. One was the energy calibration for the calorimeter using thin
chambers, in which the pious and positrons from the secondary beam were used. This
item was cooperated with 14th Division, IHEP. The other one is with Solenoid Detector
Cooperation (SDC) which is the most prospective candidate for the spectrometers at
Superconducting Super Collider (SSC). This cooperation is for the purpose of finding
a most suitable type of scintillation calorimeter to be used at SSC with a high level
radiation envionment. The primary high current e~ beam will be used to do radiation
damage and the secondary single e~ beam will be utilized to do experiments on energy
resolution degeneration of various calorimeters via irradiation. The preparation for this
work was started near the end of 1990 and made good progress since then.

The Test Beam Facilities is facing a bright future. There are many significant jobs
could be done if TBG still gets support from the leading organizations at all levels.
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4.2 A Search for Neutrinoless Double Beta Decay of 48Ca

The nuclear double beta decay without emission of neutrino has attracted since a
long time considerable attention as a test of the Lepton number conservation and a
crucial experiment for the study of neutrino properties. Recently there are several
groups carrying out double beta decay experiments on neuclei '6Ge, 82Se, 100Mo, 136Xe
and I50Nd. But the decay energy of 48Ca -» 48Ti + 2e is 4.27 MeV, much higher than
that of other potential double beta decay neuclei. It will help to avoid low energy
background. In 1966, Mateosian and Goldhaber used 48Ca enriched CaF2(Eu) crystal
as Scintillators which contained 11.4 g of 48Ca. The crystals were grown by the Harsh aw
Chemical Company and tne reported energy resolution of the crystal was rather poor.

We have used four cylindrical CaF2 crystals which was grown by the Institute of
Optics and Fine Mechanics (Changchun). The CaF2 crystals are surrounded by plastic
Scintillators as the anti-coincidence veto. Steel plates 2.0 cm thick and lead bricks
8-10cm thick are used as the hard shielding material. A LED light source is used for
the routine calibration of the detectors. CAMAC electronics are used in our On-line
data taking system, IBM PC/XT computer is used for making data registered on disk.

Result obtained after a total of 7588.5 hours of data taking gives 1.4x 1022 years
(%% confidence level) as the lower limit of the half-life of the neutrinoless double beta
decay.

All the experimental results so far obtained concerning the 48Ca 2/301/ decay are
summarized.

Authors
4 8Ca
data taking
detector
Ti/2(yrs)

Goldhaber
11.4g
689hrs
CaF2(Eu)
2xlO20

C.S.Wu
10.6g
1150hrs
Streamer Chamber
2xlO21

Ours
43.0g
7588.5hrs
CaF2

1.4xlO22

4.3 Research of Magnetically Confined Electron Cloud

The research of magnetically confined electron clouds has been developed continu-
ously. For the electron clouds sustained by the Penning discharges, the following aspects
are being studied experimentally in a small confinement device: (1) The conditions for
the formation of stable electron clouds. (2) The relations between the parameters of
electron clouds and the externd conditions, such as the confining voltage, confining
magnetic field and pressure. (3) The plasma waves and diocotron waves in the electron
clouds. (4) Determination of the total charges of electron clouds. (5) Determination of
the energy spectra of ions generated with the electrons simultaneously. (6) Determi-
nation of distributions of the electric fields in the electron clouds. Many experimental
results agree with the fluid theory, but a few results cannot be explained and remain
to be investigated.
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Moreover, we study the theory on the electron clouds sustained by the thermionic
emission or the ionization effect of intense ion beams and improve the simulation pro-
gram of electron clouds.

On the basis of these researches we design and test a new type of ion optical lens-the
self-sustaining space-charge lens. This type of lens is axisymmetrical and its focusing
power is as strong as the quadrupole lens. A model lens will be used in an ion implanter.

4.4 Preparatory Works for Detect ing Particles
with Superconductive Films

When YBaCuO films were irradiated by the ^Sr- -^Y /? particles, one of the films
I-V patterns has turned into a better shape, the real reason does not find out yet.

The I-V characteristic of a high Tc superconducting film contains thallium element
is better than a film contains ytterbium element was observed. We plan to detect
particles using such films, and two mask plates were finished. The films in accordance
with the size of mask plates are in preparation.

One preamplifier and two constant current power supply d.c. with different output
were assembled, and the performance test was ready.

4.5 Gravitational Physics

(1) Test for isotropy of the velocity of light in the gravitational field of the earth

The results of the experiments obtained by the end of this year show that at the
precision of 10~10 there is no difference between the vertical velocity and the horizontal
velocity of light. We expect to finish the experiment with the precision of 10"11 in the
short run.

(2) Experiment for testing the interaction between gravitation and electric field with
an electric torsion pendulum.

The experiment has been finished. The results verify the phenomena observed by
E.J.Saxl. A same AT-V curve is obtained. Our experiments discover the mechanism
which produces above effect and negate the conjecture that there is a kind of coupling
between mass and electric field.

(3) Experiment for testing the fifth force

The main measurements, the measurements of gravitation along the vertical direc-
tion of a tower of 320 meters high, have been finished with the precision of several
micro-Gal. Now the measurements of a lattice of the gravitation of the ground are
being performed.

(4) Test of the gravitational inverse square law in nr>illimeter scale

In this year the performance of the torsion balance is improved greatly. The suspen-
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sion is changed from a two-wire four- point pattern to a one-wire two-point pattern.
This change reduces the dispersion of the rotation energy due to some nodes and so
increases the sensitivity. The precision of the balance has attained 10~2 as designed.

4.6 Silicon Microstrip Detector

A silicon microstrip detector of test type has been manufactured.

At present, silicon microstrip detectors are the most precise electronic tracking de-
tectors used in high energy physics experiment.

A new method of manufacturing silicon microstrip detector based on a planar pro-
cess, which combines ion implantation, oxide passivation and photoengraving technique
has been used. In our case, a high-ohmic (~3Kftcm) n-doped silicon crystal, oriented
in the 1.1.1-direction is used as base material. The sensitive area of the detector is a
rectangle of 18nimx20mm, 300 strips of 20/zm width 20fim pitch and 400//m thickness.

For fanning out the signal, the detector is fixed to a printed circuit board. Ultrasonic
bonding is used to connect the detector to the fan-out board using 25/im Si-Al wire.

The detector has been tested using a 8mm diameter, 13/xCi, 241Am a-particle source
(EQ=5.5 MeV). The signal from read-out strip was amplified by a charge sensitive
FET pie-amplifier and a shaping amplifier. Signal pulses were clearly visible. The
preliminary result shows the stability of the detector and distribution of each strip are
well.

4.7 Radiative Decays of Hyperons

Nine Chinese physicists have been working at experiment E761, Fermilab, U.S.A,
Since 1987, researching weak radiative decays of hyperons S + —> Pj and E~ —> £~7-
The international collaboration between IHEP Academia Sinica and Fermilab has been
established. The works we have done in Beijing are follows:

(1) The physics analysis software packages for.fixed target experiment have been
mounted at the computer center of IHEP . At present the Monte Carlo Simulation
package is available.

(2) We have applied for the fund for the radiative decays of hyperon international
collaboration, and it has been approved by the National Nature Science Foundation of
China.

(3) A proposal for improving the experiment E761 on S + —* Pj CP violation lias
been submitted to Fermilab and adopted.

(4) we took part in the installation of E761 spectrometer, the noise study of Si-strip
vertex detector and the energy calibration of Pb-Glass calorimeter.

(5) We took part in the data acquisition of E761, obtained 28000 events of E+ —> P7,
2000 E~ -»• P-y and hundreds of S + -> P-y.
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(6) A proposal E781 for searching charmed baryon has been submitted and approved.

4.8 Investigation of Multipararneter Detection System for
Products of Cold Fusion

In order to detect. p,T,n, 3He and possible 7 rays, the detection system includes solid
track detector CR-39 for charged particles, BGO crystal matrix detectors for 7 rays,
and a neutron detector.

Neutrons with energy En=2.45 MeV come from fusion . Fast neutrons are slowed
down in a 5 cm thick plastic scintillators, then the slowed neutrons are absorbed by
6Li glass behind the plastic scintillators, and the 6Li(n, a)T reactions take place. The
resulted a and T produce light in 6Li glass. The measured result of 6Li glass for slow
neutron is shown is fig 2.1. The FWHM resolution is 25%.

count

•"'"'" --V. c h a n n e l

Fig. 2.1 The measured result of 6Li glass for slow neutron
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III.BEIJING ELECTRON-POSITRON COLLIDER
PROJECT

1 Electron Linac

1.1 Operation

The injector of the HEPC, the 1.1/1.1 GcV positron/electron linac, operated for
281 days in 1990. It provided beam to the storage ring for 239 days, and for 121 hours
provided electron beam to the Test Beam Group. The linac application efficiency has
increased.

Table 1 shows the linac status.

Table 1 The linac status

Electron energy (max.) 1.55GeV
Positron energy (max.) 1.30GeV
Electron beam intensity 2.0A
Positron beam intensity (max.) 9.5mA
Positron beam intensity (normal) 5mA
Klystron output power (normal) 17MW
Klystron output power (max.) 22MVV
Klystron life (llsets, still in operation) 18000hours
Klystron life (5 sets, changed) IGOOOhours

There were some problems in the linac operation. The linac is still manual coatroled
in the local station and should be put in to computer control at the Control Center. The
phase adjustment as well as the automatic phase lock systems have to be upgraded.
The cooling water temperature control has malfunctioned, it should be checked and
upgraded its reliability. In order to reduce the failure of pulsed modulators, some of
the electric components, such as the power adapter, high voltage resistances and etc.
need to be replaced with high quality components.

1.2 Maintenance and Improvements

Any failure of linac in the daily operation was repaired at once and during the
shutdown periods, winter and summer, the machine will undergo a thorough overhaul.
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The improvement of the linac includes following items:

1) 8 sets of triplet magnets with large aperture and their power supplies have been
installed to increase the positron beam intensity from about 7.7mA maximum to 9.5mA
maximum, the positron intensity increased about 25%.

2) Design and manufacturing a new high current electron gun to provide about
7A electron beam striking on the positron target. A set of pulse trigger for the new
cathode-grid assembly was done; The 100 kV high voltage d.c. power supply and a set
of high current cathode-grid assembly were imported from U.S.A. ; The body of the
gun was manufacturing.

3) To improve the phase control system to increase the linac stability. Formerly,
the operating phase of 16 Klystron was not phase-locked, it could not ensure the phase
accuracy, hence the linac energy and energy spectrum have low stability. Reterring to
the new phase control system adopted in MK (Modulator Klystron) system of SLAC
the 16 sets of klystron will be equipped with phase-lock loops. It would keep the phase
free of drift. 20 sets of PAD (Phase Amplitude Detector) and 20 sets of control block
were made. A control microcomputer and software were provided too. This system
will be installed in next Feb., and will be finished in next Sept..

4) 16 sets of microwave power measuring device were improved. The detector and
amplifier were redesigned, klystron output power could read out directly both in the
local stations and the control center.

5} To improve the positron target system. The capture coil outside the target
chamber was in trialmanufacturing, it could avoid the risk of cooling water leaking into
the accelerating tubes. The feasibility of replacement of coolant from water to gas is
under consideration.

2 Storage Ring

2.1 Commissioning

During the year of 1990. The storage ring had been successfully operated 5736 hrs in
total, in which there were 3,478hrs to be used for experimental physics & synchrotron
radiation and about 1, 684hrs for machine studies, beams of injection and special visitor
abroad.

The latest status of the Storage Ring in the 3/ip energy region was following:

The Energy of each collision beam 1.5486GeV
Peak luminosity 2.6xlO30 cm^s" 1

Average luminosity (0.7-0.8) xlO30 c n r V 1

Beam lifetime 3-10hours
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2.2 Measures for Improving the Machine Performance

1) Two pairs of skew Q magnets, installing in nearby the symmetrically points, were
used for compensating of the coupling effects caused by BES solenoid magnetic field
on the luminosity. The luminosity had been enhanced to the higher level 2.6X1030

cm~2s -1 .

2) A dedicated SR operation mode was well studied and tested successfully. The
beam emittance as low as 7.6xlO~8m-rad had been reached.

3) The wiggler magnets ECW for improving injection rate and increasing beam
current for ^" experiments were installed in BEPC.

2.3 Progress of the Subsystems

2.3.1 Magnet system

1) Monitoring the beam energy of BEPC

1. The bending magnets field Bo is measured by NMR. Using the result of the
measurement in the reference dipole beam momentum had thus be determined
to an accuracy of better than 0.02% based on the method of the integral of the
bending field around the closed orbit.

2. The / Bdl for the reference dipole is measured by using the long rotating coil, an
accuracy of better than ±5xlO~5 is reached.

3. The Hall plate monitoring the value of Bo was calibrated by NMR.

2) 4 pieces of skew Q magnets were measured.

3) 6 pieces of B & 2 pieces of a magnets to be used in FEL were successfully
calibrated.

2.3.2 Magnet Power Supply & Injection System

1) During the operation of BEPC, all of the B & Q and correcting power supplies
of the ring worked stably.

2) Some minor trouble had been solved as the power supplies of TEB17 and TPB17
of the transfer line were unreliable in on-off switch.

3) Power supply of the kicker system

1. A good voltage-time regulator loop was used for improving drift. A drift time as
small as 5ns was obtained.
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2. By moans of optimization of the parameters of operation of the Deuterium-filled
high voltage thyratrons. the life time of the thy matrons have been increased to
one year compared with that half year of last.

3. The requirements of the central control of the kickers had been completed.

2.3.3 R F System

The performance of all of the RF system worked better than that of last year by the
correct approaches that the RF system was cleaned thoroughly and readjusted, and the
autotuning system of the cavity has been improved, tlte drift of the tune has shortened
by two-thirds. In order to eliminate the sticking of tuner a new type of non-contact
tuner is under machining, but the brokenness of ceramic window is still a tough problem
to be solved.

3 Mechanical and Vacuum System

The major work finished in 1990 about the mechanical and vacuum system of BEPC
is as follows:

1} The operation and maintenance of the linac and storage ring vacuum system.

The vacuum system ran steadily and safely for 283 days (6792 hrs) in 1990. The
dynamic pressure of the linac vacuum system reached 5xl0~8 Torr. The dynamic
pressure'of the storage ring vacuum system was in the UHV range (~10~10 Torr) with
the energy of 1.6 GeV and the beam intensity of 20-40mA.

The leaks of BEPC vacuum system had happened 8 times in last year, among them,
5 for the linac, 3 for the storage ring.. Leakage resulted from ceramic-welding breaking,
when it happcnd, we could find out its right position. After dealing with it the vacuum
could be restored very soon.

2) 132 pieces of vacuum instruments and devices were examined or repaired.

3) The surveying for horizontal network, magnets and BPMs was done. The standard
deviations were calculated and data were processed.

•1) The mechanical and vacuum system design for the Korean PLS project 80 MeV
injector was finished, and th? relevant equipments or devices were fabricated or ordered.

4 Instrumentation and Control

The systems of BEPC control and beam diagnostics have operated about 6,000 hours
during 1990 safely, the failure time affected BEPC operation was below 0.5%. At same
time, we also have some improvements to the system to enhance the control functions,
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precision of measurement and reliability of the system. We continue the works on the
I & C of 80 MeV injector for PLS project of Korea since 1989.

4.1 BEPC Control System

The RF system is connected to central control computer at the short shutdown of
the Spring Festival and controlled by it. We realized on-line Ramping operation of RF
system with Magnet B,Q power supplies synchronously. The control program can check
automatically the status of RF cavities once per 30 seconds, if a fatal failure occurred,
tlu? program will cut off immediately the high voltages of RF cavity, alarm and report
the messages on the screen.

The BEPC control computer VAX-11/750 was connected to UECnet in I1IEP at the
start of this year, now it gives the many convenience to communicate with BES and
BSRF and enhances the display of luminosity program.

We rechecked all status of the interlock system and corrected abnormal display status
during summer shutdown of the BEPC. We have completed the computerized work for
interlock system except graphic display.

We overhauled all the crates and CAMAC modules used for the power supply, vac-
uum and RF local stations.

The memory of VAX-11/750 is expanded from 6 MB to 8MB now.

BEPC timing system has been connected to VAX computer, operators can set di-
rectly the Bucket value on the console.

The current of corrector's power supply of BEPC can't, reverse its polarity directly
(needs the intervention of operators). To resolve this problem, we developed new trans-
fer software of the current polarity for corrector's power supplies.

We have improved further the software of power supply protection in case of emer-
gency, operator can treat the power supplies very quickly and conveniently.

To research the beam loss problem in Ramping we modified the ramp software for
delay ramp and completed the off-line debugging. The table ramping software is under
transplantation and will be used in March of 1991 or late*.

The key status and parameters of BEPC are sent to BES and BSRF through DECnet
in I HEP.

To reduce the load of VAX-11/750 computer, because there are about 17-19 control
jobs on it, and to speed up the control response and processing, we have analyzed the
status of BEPC control system in the fourth quarter of 1990 and are going to introduce
Micro VAXII computer dedicated to power supply control into BEPC control system,
then BEPC control system will become a distributed control system.
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4.2 Beam Diagnostic System

In order to highten the measurement precision of beam diagnostic system, we have
re-checked the position of scraper and its stepping precision.

We improved BPM software, which makes the comparison of data acquisited from
four or three buttons on the detector to confirm their correctness. We found some
errors through those data and we will try to determine the sources and reason brought
in these errors. We also transplanted BPMCHECK program to be used to check the
status of BPM equipments.

In addition, we improved some part of DCCT hardware to expand its measuring
range from the previous 200 mA to the current 300 mA. We removed the un-used
profile detectors and made one PR control board for the backup.

We improved the beam detector BCT1, BCT2 structure for LIN AC to enhance the
reliability.

5 BES

The first calibration and check-out of BES Detector have been done and the perfor-
mances of BES are gradually approaching the design values. The important progresses
of BES were that the success of the neutral trigger was obtained at April, 22 and BES
was able to acquire the data of J/ip decays at high peak luminosity(~ 2xl030cm~2s~1)
in the early November. So far 1.45xlO7 RAWDATA of J/ij) decays have been collected
by BES, 9x 106 of which have been filtered. 4.5 X106 of J/ip decay events were obtained,
two third of which (3 X 106) have been reconstructed and analyzed.

5.1 BES Detector System

5.1.1 The following improvements of BES have been done during
summer shut down of BEPC

The monitor system of working gas for main drift chamber was installed at the
entrances and exits of chamber in order to keep the stability of performance of MDC.

The coupling situation between the photomultipliers and theirs light guides of TOF
counter was getting deterioration so that the output amplitude of scintillators was
decreased. It was corrected unchanging the structure of coupling setup by some me-
chanical means the output amplitudes of scintillators were generally increased about
30% and some ones about 100%.

The 131 signal wires of barrel shower counter which have been broken down. 46
of them couldn't work due to the problems of electronics and were disconnected from
their high voltage power supply. The rest 85 signal wires are in good working status
again.

In order to improve the homogeneity of working gas in the entrance of BSC the

26



original gas distributor was replaced with new one. Ten flow-meters were setup between
the new distributor and the body of BSC. It keeps the working gas well- distributed at,
^-direction.

The mornitor system of ESC composed of the eight monitoring tubes and electronics
read-out system was installed. It is used to monitor the amplification factor of ESC.

Tiie situation of ground wire for Muon counter was improved.

As a compensation for the reduction of sensitivity of Luminosity monitor due to
the radiative damage to the scintitators heightening the high voltages of photomultiers
or lowering the thresholds of discriminators had to be done when the reduction of it's
sensitivity was so much.

The lab for analysis and the convention of working gas analysis have been setup.
The result obtained from data analysis during the later half year showed that the
concentrations of components for gas-mixed have been kept the consistence for CO2.
CH4 and for n-pentane in the ranges of error 0.5% and 3% respectively.

18 monitoring points and 3 alarming points of the temperature were mounted for
the protection system of BES circumstance. It is distributed mainly over the western
side of BSC, the entrance and exit of the water sleeve of the magnet and the room
of the magnet power supply so that it realized alarming and inter-locked water flow
control.

5.1.2 Trigger System

The central drift chamber have been used to attend the trigger decision system and
the success of the neutral trigger was obtained. More than 4 x 103 good neutral events
of J/ifi decays have been collected and reconstructed. In order to reduce the influence
of low voltage power supply for electronics on the trigger the veto between 2nd and
3rd levels of trigger decision was inserted to shorten the cycle of 3rd level. Moreover
the realization of energy balance in BSC was carried out in the logical-mixed modules
instead of the analogical- mixed modules.

5.1.3 On-line System

The monitor system of high voltage power supply went into operation in on-line
system and it has the functions resetting high voltage, monitoring at regular intervals,
modification parameters and recording the data on the tape. The program of on-line
data analysis was completed. It is able to do analyze 25% of the data acquired by BES,
identify the physical type of J/^> decay event, calculate the cross sections of B-B, fi —;:
and hadrons and monitor the histograms of physical events.

Due to the reduction of noise level the record length of event was cut down to 0.8
KLW from 2 KLW and the procedures of the Foreground were corrected so that the
dead time of BES was reduced to 25ms from 50ms at the early half year.



The on-line system of BES was gottei in the network with the VAX 750 computer
of BEPC/VGS and HANDYPAK were updated to the new versions and the function
of multihistogram output on one page was added.

5.1.4 Off-line Data Analysis System

1.45 X 10r rawdata of J/ip decays had been collected in this year and 4.5 X 106 Jjip
decay events were obtained from filtering 9 X 106 rawdata. 3 X 106 J/ifr decay events
have been reconstructed and DST Tapes were provided for the physical analysis.

The procedures for copying, checking out, filtering and monitoring of the rawdata
were updated. The two kinds of histograms monitoring data quality were being pro-
vided daily during the data taking.

Sober and Drunk were updated to fifth version including the caliblation and the
reconstruction. It's manage procedure was improved.

The realization of Monte Carlo for BES have been in progress and the generator of
all-channel models of J/r/j decay went into operation. The studies of means fitting the
Bieit-Wigner's mass spectrum and doing the helicity analysis and their softwares were
finished.

The drawing function of VAX station and it's CPU software have been developed.
4 stations have been provided physicist to scan J/ip decay events and check up the
rawdata. The study of compressing data have been completed and provided us with
use. It can save about 80% of the storage space. The library of BES's data which can
be used for examining and investigating have been built.

5.1.5 Off-line Calibration of BES

The first calibration and check-out of BES detector have been done. The main
performances of BES are listed as follows:

1) Main Drift Chamber

• Wire space resolution

<Tr,j, = 200 - 250/mt

cr, = 0.8c-m

o Track angle resolution

<T<j>(zhnuthal)=3.3mrad

Momentum resolution

avlp = l.9%y/TTp{P in GeV/C)
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• dE/dx resolution

a - 10% (Truncated mean)

2) Barrel Time of Flight counters

The time resolution of counters is crcounter=20Q ps which is tested by laser pulse,
while time uncertainty caused by beam bunch length «180 ps. The overall time res-
olution is at — 330 ps including the contributions from counters, beam bunch length,
electronics and tracking errors,

3) Barrel Shower Counters

• Energy resolution

<T2 = 3cm

a<p = 4.5m r ad

4) Muon Counters

• Space resolution

a: = hern

5.2 The Data Analysis

1) The J/il> resonance scannings have been done. A analytical approximative formula
of resonance cross section was used to fit the scanning data of J/ip resonance region
and the preliminary result was obtained.

2) According to the real parameters of luminosity monitor and BEPC a Monte Carlo
with precision of a3 which was used to compute the luminosity of BEPC on basis of
the reaction e+e~ —* e+e~{iy) was carried out. The result was consistent with the data
of luminosity monitor in the range of 3% error.

3) The following J/ij) decay channels have been analyzed:

<$>JJ, <J>7T7r, 4>KK, PP, A A ,

, 77777,

7^,7/(1270)
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and the signals of Tr°,p,u;,$,T),T)' i(1440), 0(1720), f2(1270) and £(2.2) et al. on the
invariant mass spectra of some interactions were observed. Some quantitative analysis
for instance the branching ratio of pn and the spin analysis of u>nn have been studied.

4) Some studies estimating the total number of J/ip production are in progress.

6 Sychrotron Radiation

The first phase construction of Beijing Synchrotron Radiation Facility(BSRF) went
into the last stage in the year of 1990. All of the three front ending ports worked nor-
mally, and construction of beam lines was just finished except for the newly designed
4W1C beam line. There were a batch of experiments completed in different experimen-
tal stations, which indicated the BSRF is able to go up to the new stage-opening to
users.

In 1990, the completed experiments are followings:

• White beam topography study of several crystals(KN, Si etc.) and high Tc
superconducting materials.

• In-situ observation of the phase transform of KN crystal with temperature.

• Obtaining of Au(llO) XPS.

• X-ray diffraction study of superlattice specimens,

• Low-angle diffraction with different X-ray wavelengths of periodic multilayers.

• First synchrotron radiation copying lithography in China.

• Scanning microprobe with X-ray excited fluorescence for several mineral samples
and human hairs.

• Observation of Photoacoustic effect in solids induced by synchrotron radiation
X-ray.

6.1 Front—Ends and Beam Lines

All of the three front-end ports worked well in routine operation and there were no
new front-end being constructed in this year.

4WlA(Topography) beam line, having passed the examination of The National Ap-
praisal Committee in 1989, worked steadily through this year.

The commissioning of the photon beam line 4W1B was completed in May 1, 1990.

4W1B is an EXAFS beam line extracted X-rays from the wiggler magnet with high
flux, wide spectrum and high energy resolution. The double crystal monochromator,
photon energy ranging from 3.5 to 22 keV with the energy resolution 2 eV at E=10keV,

30



was adjusted successfully on April 1 when the storage ring operated in the dedicated
mode. The overall operation test in union of beam line and station was finished at the
end of April.

The fixed exit double-crystal monochromator is an optical element of crucial impor-
tance where a special optical system was designed to maintain the fixed exit of photon
position and complex mechanical system was avoided. The optical system, precise
mechanical system, high vacuum system, electronic-control system, data acquisition
system, on-line processing and real time plotting system of the monochromator worked
satisfactorily.

EXAFS spectra of a series of samples (minerals, high temperature superconduct-
ing materials, etc.) have been obtained on this photon beam line. Those experiments
showed that the main technical specifications and the performance parameters of the
4W1B beam line and the EXAFS station have reached or surpassed the design require-
ments.

4W1C beam line, which will be used for diffuse scattering station, is a branch beam
line of 4W1E. A triangular bent crystal monochromator is employed to deflect and to
focus the SR lights into the hutch. The high brilliant monochromatic X-ray will be
extracted by this monochromator for X-ray diffuse scattering, powder diffraction and
other high resolution diffraction researches. Both the triangular bent crystal monochro-
mator and the super smooth focusing X-ray mirror on 4W1C line were first manufac-
tured in China which represented that the manufacture ability for high brilliant syn-
chrotron radiation facilities reached a higher level in our country. The 4W1C beam line
has been built up within 1990 and the installation has started at the end of this year.

The beam line 4B9A, which passed the examination of white radiation by an ap-
praisal committee in 1989, got its first focused monochromatic X-ray output to the
sample position of the diffraction experiment station located at a distance of 30m from
the source on March 12, 1990. Collaborated with the Institute of Physics, the absorp-
tion spectrum of gaseous alkyl iodide was acquired successfully first time in China.
Calibration of the T- structure double-crystal monochromator using Xenon L-edge ab-
sorption spectrum and measurement of energy resolution using EXAFS and NEXAFS
spectra of Titanium w^re completed. The test results showed that the T-structure
double-crystal monochromator system worked quite well. On March 31, the X-ray
diffractometer was aligned to beam line 4B9A successfully. On April 28, the first set
of small angle scattering experimental data was obtained using 4B9A monochromatic
X-ray. So far under dedicated and parasitic modes beam line 4B9A is able to provide
synchrotron radiation light for applied researches.

On April 4, 1990, the beam line 4B9B got its first focusing monochromatic scft
X-ray output to the sample position of the photoemission experiment station located
at a distance of 25m from the source.

A photon beam monitor which was designed and manufactured by our group was
exported to Brookhaven National Laboratory, USA for NSLS beam line.
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There were great progresses witli (he 3B1 X-ray lithography beam line in 1990.
In the first half of the year, installation and test of the ultrahigh vacuum and high
vacuum parts of this beam line have been finished, and a photocopy lithography has
been performed successfully by putting the mask into the pipeline, which was the first
SR lithography graph of 1 /im resolution in China. The branch 3B1B Biological spectral
beam line has been installed and collimated by cooperation with Shenyang Scientific
Instrument Factory. In addition a monitor system lor SR spot position following the
cylindrical mirror has been designed and installed this year.

6.2 Insertion Device

The wiggler system worked well under the dedicated SR operation mode.

Using a MCS-51 single chip computer 8031 and an external extended chip, instead
of the IBM-PC micro computer, a special wiggler controller was constructed and has
been built up in the BEPC control-center to improve the wiggler power supply system
as remote controlling.

In tin: study of insertion device with permanent magnets, a 25 poles undulator model
was assembled and the distributions of magnetic field has been measured and the results
were in good agreement, with the theoretical calculation. The physical and mechanical
designs of a 12 poles hybrid wiggler were under way.

Two new insertion devices will be installed on BEPC storage ring in the future five
years-it will be the preliminarily consideration of the next five-year project.

6.3 Topography Station

The topography station had passed the examination of an appraisal committee last
year and has been accepted by the state tins year. The white radiation camera and
multi-function environmental chamber has been put into routine operation.

The defects in KNbO,-}, Si, SiOa crystals and some superconductors have been ob-
served by the white radiation camera. In-situ observation of structural phase transfor-
mation in KNbC-3 crystal was carried out with the enviromental chamber.

The newly designed four-crystal monochromatic camera is being manufactured. The
conventional X-ray generator has worked well.

6.4 E X A F S Station

The gas system for the ionization chambers was rebuilt. A helium close circulating
eryostat-environ mental chamber was installed in the hutch. The computer programs
for on-line EXAFS experiments and lifting table control/driving were written and de-
bugged. The monochromator on 4W1B beam line was adjusted by collaboration, and
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the first. sc?t of EXAFS experiment data was taken. Througli two rounds of communi-
cation with the relevant units and a seminar hold at the end of (his year, tht? technical
indexes of the reaction chamber for EXAf S in situ study and the unit who designing
and making the chamber were finally confirmed.

The laboratory EXAFS spectrometer has been successfully tiJal-operated. A number
of auxiliary equipments were designed and made, including a glove-box for anaerobic
samples, a set of reference film samples of various metals, a specially designed stand
for the scintillation counters, an ionchamber for total electron yield EXAFS experi-
ments, and two screen boxes for the multiwire proportional chambers. In addition, the
construction of a laboratory for non-crystalline sample preparation is under way.

6.5 Photoemission Spectrometer Station

InstallatioT) and exainination of the photoelectron spectrometer have been finished
this year. The main functions, such as XPS, AES, LEED, Ar-ion sputtering, electron
bombardment and radiation heating, liquid nitrogen cooling, EBIC, Cleaver and QMA,
worked well and all functions except for UPS, heating and cooling reached indexes listed
in the contract.

An equipment has been designed and installed to adjust the position of experiment
platform and the related facilities such as water, power, gas and grounding have also
been ready. Preparations have been done to develop the data acquisition software for
synchrotron radiation photoelectron spectroscopy.

Collaborated with Department of Physics , Peking University, investigation of the
adsorption of CO on Cu{001}e(2X2)-Pd was carried out.

6.6 Diffraction Station

The first on-line test of the diffraction pystem with SR was performed in March,
1990 after the X-ray difTractometer equipped with a beam monitor had been aligned
to beam line 4B9A. The data acquisition and all movements of the diffract ometer
and the multi-dimension movable table were controlled by a PDP 11/53 computer.
The diffractometer was calibrated by X-ray diffraction peaks of GaAs crystal with
photons of energy 5.99 KeV and energy bandwidth about 4xl()~4 when the storage
ring operated in the dedicated mode and electron energy 2.2 GeV. Then samples of
In^Gai-jjAs/GaAs, Al^Gai-.^As/GaAs multiquanturn well semiconductor materials,
VV/Si multilayer, powders and some now optical crystals woro measured. Besides,the
diffraction o[ Mo/Si mull.iia.yers was carried out with X-rays of different wavelengths
which shown that ono can choose the wavelength between 0.207 inn and 0.2GG inn for
specific usages, e.g., anomalous x-ray scattering. All the beam line optical compvineuts,
data acquisition system, control and feedback systems and real time display system
worked stable and reliably dining a consecutive -18 hours operation.
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6.7 Small Angle Scattering Experiment Station

A small angle X-ray scattering (SAXS) camera was manufactured and installed.
Adjustment and measurement of the SAXS camera matching with the on-line control
and data acquisition system were performed. The SAXS signals of nickel powder were
measured on April 28th with the SAXS camera, from which the small angle resolution
of this camera with X-ray wavelength 1.5 Awas estimated to being about 1500 A.

An ion chamber for measuring photon intensity was designed and built. A 10x10
cm2 position sensitive multiwire proportional chamber was tested. A specimen chamber
for solution researches with controllable temperature was designed and manufactured.

6.8 Lithography Station

The 3B1A beam line for lithography has been checked preliminarily before accep-
tance in June. Patterns with 1/xm resolution have been etched using the soft X-ray
from 3B1A beam line, which was the first SR lithography in China. It shown that the
3B1A has been in a good state and our lithography station has the ability to carry out
researches on copying and resist.

The SR X-ray stepper has been checked and accepted preliminarily in October. It
is now installing and trimming in the worksite. The research of the X-ray mask has
made headway. Now we have the capacity to make X-ray masks for the experiment.

In addition the 100 grade and 1000 grade clean rooms and the auto fire-fighting
system have been checked item by item before acceptance under a condition without
equipments in the clean rooms.

6.9 Fluorescence Experiment Station

The main works at fluorescence experiment station in 1990 were concentrated on
setting up some equipments for SR X-ray fluorescence experiments and carrying out
experiments with SR and X-ray generator.

The 4 dimension sample moving stage was inspected and measured that X, Z axes
having repeatable accuracy ±l/xm and absolute accuracy ±20/xm. The thin ion cham-
ber operating system was set up and used in experiments. A new computer and rel-
ative software for System 5000 have been changed for reparations back from ORTEC
company and it worked well now. The program Axil which was developed by the coop-
eration of west European countries has installed and tested and used for thin specimen
analysis. The future developing plan of fluorescence experiment station, including items
of wavelength-energy dispersive spectrometer, total reflection fluorescence, 1/zm accu-
racy stage, sample chamber, detector and so on, was discussed with some companies,
users, and manufacturers.

Experiments performed in this year are the followings: Determination of elements
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distribution in several kinds of minerals by SR excited X-ray fluorescence microprobe.
The analysis of elements Fe and Zn content in hairs of sportsmen relating to sporting
strength. Composition distribution along hairs of hepatitis person and liver-cancerous
person and the liver of liver-cancerous person by X-ray microfiuorescence spectrometry
scanning. Measurement of the relationship between intensity of SR and the current of
e~ beam. The composition distribution analysis of aerolite, exhaust gas treater of cars,
and human hairs.

6.10 Soft X-Ray Group

The beam measurement system of 3B1 beam line has been finished and tested in Lab.
and will be installed on the 3B1. This system could monitor beam vertical position,
beam intensity and beam spot homogeneous on-line.

The ultra high vacuum magnetron-sputtering facility has been manufactured and
begun to be tested. The facility will be used to develop multilayers as soft X-ray
optical elements.

Photoacoustic(PA) effect induced in solids by X-ray absorption was first observed
at BSRF. PA signals were obtained on graphite and copper samples as functions of the
chopping frequency.

Soft X-ray contact microscopy(SXCM) has been used to observe tumor cells.

A contract for manufacturing a synchrotron radiation reflectometer was signed with
Changchun Institute of Optics and Fine Mechanics.

6oll Plans for the Future Five Years

A preliminary project for the future five years was discussed. The future plan
includes following items:

• Improvement and consummation of all the established front ends, beam lines and
experiment stations.

• Construction of three new beam lines with high brilliance: a wiggler beam line, an
undulator beam line, and a bending magnet beam line, and three correspondent
experimental stations: high pressure physics, atomic and molecular physics, and
biological spectrometer stations.
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IV. THE PROTON LINAC AND ITS
APPLICATIONS

1 Running and Improvement of the BPL

The BPL was operated normally for about 4000hrs in 1990. Theoretically the effects
of RF power in cavity and the energy of preinjector on the beam performances have
been calculated by multiparticle code. Some important parts, such as the accelerating
column of preinjector which had been operated for about 9 years, some vacuum pumps
etc. were replaced by a new one or repaired. Some security-interlock devices in water-
cooling system and vacuum system were installed. The reliability and efficiency of
operation of BPL are still needed to be further improved.

2 Research and Production of Radioisotope for
Medicine

(1) Thallium-201 The qualification of radiopharmaceutical (Tlcl) production has
passed in May 1990. The clinical test began in Oct. 1990. At the end of the year 12
samples on human body have been finished in hospital. The results showed the images
by means of our medicine are clear.

(2) Gallium-67 The preparation of carrier-free 67Ga citrate injection was successful.
Radiochemical separation of carrier-free Ga67 from zinc target was carried out by butyl
acetate extraction. The chemical process lasts for less than two and half hours. The
chemical yield was greater than 95%. The quality of product was checked and met the
requirements of Chinese Formulary.

3 Research on Neutron Therapy of Cancer

The neutron therapy facility and neutron dose monitoring system are further im-
proved, including : (1) The transmission ionization chambers and TE ionization cham-
ber are calibrated by a Co-60 beam, it had been shown that they can be used for
measurement of a pulsed neutron dose. (2) A digital thermometer and barometer are
installed for accurate correction of neutron dose. (3) The phantoms system has been
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finished. (<!) The on-line control and acquisition of neutron dose are completed. Various
dose distribution curves can be drawn automatically. (5) The X-ray imaging system
for radiotherapy simulation has been tested for some health and il! persons etc.

Some preliminary researches on neutron therapy are conducted, such as: (1) The
energy and flowing rate of neutron have been measured by threshold detector in the
energy range of 2~20MeV for neutron with different material . e.g. Cu,Ni,Zn,C.Al,Irt,S
etc. (2) The experiments on dose distribution, including the measurement of axial
distribution and the uniformity of equi- valued dose in air and in water, have been
made. (3) Some neutron radiation biological experiments are being conducted, such
as the biological effects of neutron on normal tissues, the survival curves of human
tumour cells, the neutron dose effects on tumours of animals, the chromosome damage
bv neutron radiation etc.

4 Other Basic and Application Research

Some basic and application research were completed successfully and have got many
interesting results by many institutes and universities, for example, the study of micro-
mechanism of superconductor with high critical temperature, the effects of proton ra-
diation on superconductor with high critical temperature, the relative biological effects
of proton beam, the effects of neutron radiation on materials, the production of new
nucleonium and their decay properties, the measurement of oxygen quantity in silicon
by proton beam etc.

37



V. NUCLEAR TECHNOLOGY AND ITS
APPLICATIONS

1 Application of Nuclear Physics

1.1 X-ray Fluorescence Analysis

The research on determination of trace elements in oil by XRF was completed.
The experimental results indicate that the trace elements in oil can be determined by
adsorption of the oil sample onto magnesium oxide followed by thermal degradation
of the organic material and that the trace elements standards in water solution can
be used for the analysis of the oil. This method is also suitable for analysis of the oil
with viscosity. The NBS oil standard material and the crude oil were analyzed by this
method. The result shows that the approach is valuable for the moniter of the engine
performance, appraise the crude oil and analysis of petroleum products.

1.2 Mossbauer Spectroscopy

1) The Mossbauer effect was used to study the complex of crystal violet and ferric
chloride. After complexing, the electronic configuration is changed. Combined the
measurements of the XPS, IR, and X-ray diffraction spectra, the lone pair electron of
nitrogen atom in the crystal violet molecule transfers into the outer orbit of Fe + + +

ion, formed a substance which is similar to donor-acceptor complex. Therefore, the
properties of crystal violet are varied.

2) The designs of printed boards of a multichannel sealer, a single channel analyzer
and an energy spectrum circuits were completed and assemblied.

3) The Mossbauer spectra, neutron diffraction, X-ray photoelectron spectra and
magnetic properties of pure and Co-coated hematite have been measured. It is found
that the Morin transition temperature of hematite is influenced obviously by a Co-
coating. From the fact that the thermal hysteresis becomes wider, the experimental
results have been explained. (Financial support from National Science Foundation of
China Young Foundation of Chinese Academy of Sciences)
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1.3 Positron Annihilation Technique(Physics)

Using the precise 7 energies 468071.47(0.27)eV, 484577.97(0.41)eV, 588584.46(0.72)eV,
604414.15(0.47)eV and 612465.04(0.78)eV from 192Ir decay as the monitor, the energy
of the 7 ray from para-positronium decay has been measured as 510997.42(0.85)eV
from which, the electron rest mass is deduced as 511000.82(0.85)eV, and then, the
mean energies of the annihilation radiation of e+ in PE, PET and CF4 are determined
as 510989.04(0.86)eV, 510983.2(1.2)eV and 510985.38(0.90)eV respectively.

The field strength of the magnet in the new design is improved to 3.2T, the mag-
netic quenching measurement of e+ in CF4 has been repeated with a higher precision,
showing that the medium component of the annihilation belongs to the pick-off of
ortho-positronium.

The scintillation property of the domestic BaF2(La) crystal has been investigated.
A good photon-electron yield(~400/MeV) for the fast component and a good radiation
resistance (to 106 rad.) suggest that the crystal is possible to be used as the high energy
detector for SSC in future.

1.4 Ions Beam Analysis

CaAs (100) crystal were implanted with lOOKeV S+ ions to doses 3xlO15 at./cm2.
R.BS and PIXE in combination with channeling were used to study the damage re-
mained and lattice site location of S atoms after rapid thermal annealing. The corre-
lation between the substitutionality and annealing conditions was given.

The preliminary study of the content of Boron in the plant samples has been pro-
ceeded by using 10B(P,a7) 7Be nuclear reaction.

XRF analysis of geological samples has been performed by PIXE-induced XRF and
synchrotron monochromatic light with selective energy. It is shown that it can be used
to eliminate spectral interferences from major matrix elements of sample.

1.5 Proton Induced X-Ray Emiss ion(PIXE) Analysis

The Applications of PIXE:

1) The role of trace elements in biological and medical fields

The metabolism of titanium-ascorbate(Ti-Vc), which is a kind of additive for animal
feed and plant fertilizer, in wister rats and its effects on other elements have been
studied. The results show that the effect of Ti-Vc on animal growth could be explained
by the fact that Ti-Vc supplementation could promote the absorption of calcium.

We have measured the contents of trace elements in about 200 samples of ery-
throcytes collected from four different populations including in Keshan disease area
in Sichuan province. The preliminary results show that the high rubidium level in

39



erythrocytes in Keshan disease area may indicate and other factor related to Keshan
disease beside the deficiency of selenium, which need further investigation.

Research of whole blood trace elements in patients with acute leukemia by PIXE was
completed. The contents of eleven elements in whole blood of 115 patients with 7 types
of acute leukemia and 38 well matched healthy controls were determined by PIXE. Dur-
ing measurement a Cr absorber was used, the number of determinated elements were
increased to 11. The concentrations of Cu, Ca, S, P, Si and Cu/Zn were significantly
higher in leukemia patients than in normal controls (P<0.01). The contents of Zn, K,
Fe, Al and Rb were significantly lower in patients than in controls (P<0.01). So the
content of Cu and Cu/Zn are useful in indications of the disease of acute leukemia. The
Al is an important element to leukemia, the content of which was increased according
to the number of WBC.

2) Study of trace elements in material

The trace element content of graphite phase extracted from cast iron has been
measured by means of PIXE technique. The result shows that the problem, which the
relationship between the trace elements in graphite phase and the nodulation rate as
well as the mechanical properties can not be measured with normal method, could been
solved.

Using both PIXE and GFASS, the impurity of the BaF2 crystal has been measured.
It showed that the impurity had hardly any effect on the initial light yield of the
fast component. The lower the impurity content is the easier the recovery of the fast
component.

The trace elements macro-distribution in graphite phase and BaF2 crystal has been
measured using SPM (Scanning Proton Microprobe). The space resolution of the SPM
is 2.5 fim, and detection limit is no less than 10 ppm. There exist some elements cores
in graphite phase and the distribution of these elements is inhomogeneous. Some exist
only in matrix instead of in graphite phase, and the nodulation effect of some elements
needs to be recognized.

2 Nuclear Chemistry and Its Applications

2.1 Neutron Activation Analysis

2.1.1 The Investigation of the Background Values of Rare Earth Elements
and Rare Elements in the Changjiang River System

The aquatic environment background values of rare earth elements and rare elements
in the Changjiang river system, and the distribution characters of La, Ce, Nd, Sm, Eu,
Tb, Yb, Lu, Rb, Cs, Sr, Ba, Sb, Sc, Th and U in water and sediment were investigated,
which will provide significant scientific basis for study of the water quality variation,
and migration and transfer of elements. As compared with the Changjiang River system
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and the main rivers in the earth, the results show that the background values of rare
earth elements and rare elements are quite similar. It indicates that the concentrations
of these elements in river water mainly depend on regional geological condition and
geochemical behaviors of elements.

2.1.2 Study of Trace Elements in Soil and Their Indicative Role
in Geological Exploration

The background values and anomalies of La, Ce, Nd, Sin, Eu, Tb, Yb, Lu, Y and
other 19 trace elements in red soil and the weathering crust of granite in south China
were studied by INAA and XRF.

From the differences of some geochemical characteristics between the soils of the
background region and the anomaly region, we found that some useful geochemical
criteria, e.g. the ratios of £ LREE/£^ HREE, La/Yb, Sc/Fe, £Eu(Eu negative anomaly
index) and the contents of Ta and Ba in top soil sample can be served as the indicators
for prospecting the rare earth deposition of ion-absorption type.

This study is one of the key projects listed in the 7th National Five-Year Plan. It
has been accomplished and passed through the appraisal by NBEP this year.

2.1.3 Atmospheric Chemistry

Two national key tasks on the sciences and technology for the seventh five-year plan
named "physico-chemical properties of sea surface layer aerosol over the western Pacific
Ocean" and "Distribution of trace elements in coal" have been performed and passed
through appraisal.

The main results were: (1) The concentrations of 30 elements in aerosol particles
collected over the western Pacific Ocean have been determined by INAA. These data
will provide the atmospheric background values of elemental concentrations. (2) Size
distributions of particles containing crustal elements over the remote ocean showed more
particles in the range of > 4/im. We suggest that the formation of coarse particles may
be related to cloud processes. (3) Over the ocean area close to Asia land, the crustal
element concentrations decreased with increasing distance from land. (4) We roughly
estimate the annual flux of gaseous iodine ($i.g) from oceans to atmosphere. It agrees
well with the 4x 10ng that was calculated to evolve from the oceans annually. (5) The
distribution characteristics of 32 trace elements in different coals has been discussed in
this work.

2.1.4 Study of Chemical Species and Enrichment Mechanism of Iridium

The results of NAA indicated that after removing the insoluble organic material,
iridium is more enriched in the HF- insoluble residue phase. The hypothesis that the
enriched iridium is of biogenic origin has therefore been denied.
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In addition, a noble metal spherule, which is often considered extraterrestrial origin,
has been found from K-T boundary sample by means of transmission electron micro-
scope, and the elements Bi, S, Zn and Pb, relating to volcano activation, have also
been detected. A new model combining the hypothesis of extraterrestrial impact with
that of volcano eruption has been proposed to interpret the anomalous iridium in K-T
boundary.

2.1.5 Study of Trace Elements Geochemistry in Lithosphere

The study of the geochemical characteristics of ultramafic and mafic rocks from the
Tangbale, Dalabete, Mayila and Konggeleng ophiolites in western Junggar, Xinjiang,
China was made. The abundances of several trace elements (REE, Rb, Sr, Ba, Cs, K,
U, Th, Ta, Hf, Zr, Sc, Fe, Cr, Co, Ni, Zn and Sb, etc.) cf 60 ultramafic rocks and 150
mafic, mediosilicic and acidic rocks have been determined by NAA and INAA, in order
to study the tectonic environment and origin of these rocks. Based on the features of
major and trace elements, and the relationship between these elements, the Tangbale
ophiolite can be considered an island-arc type one and was probably generated at fore-
arc or back arc tectonic settings of intraocean. The Dalabete ophiolite formed in a
setting of the initial back-arc basin. The Honggeleleng ophiolite belongs to the type
of mid-ocean ridge. The Mayila ophiolite was situated in a small basin ocean at that
time. The appraisal of this item has been passed by National Xinjiang 305 Institute.

2.1.6 Trace Elements and Health

(1) Determination of utratrace REE in biological samples by RNAA based on P507
extraction chromatography was carried out. About 8-10 rare earth elements in wheat
and rice samples which include their roots, stems, leaves and seeds as well as the host
soils have been, determined to study the distribution characteristics of REE in the cases
of applying the fertilizer of trace REE and the contrasts.

(2) Analytical techniques of neutron activation analysis, non-dispersive hydrogen
flame atomic fluorescence spectrometry and Mossbaure spectrometry were used for
studying about 30 element contents and chemical species of some of these elements in
environmental samples in the areas of Kechan disease, trichomadesis and nail-losing
disease and normal. Our results indicated that the causes of these diseases were not
only highly related to the abundance of special elements (such as Se), but also to the
other trace elements which are necessary for human beings and to their chemical species
in environment. The causes of these endemic diseases were further revealed.

(3) For studying the situation of the mercury pollution in the world, IAEA orga-
nized 12-15 institutes, mostly from developing countries, to analyze the mercury and
methylmercury contents in human hair. Our research group has participated In the
CRP(Co-ordinated Research Program) and has completed the preparation of mercury
standard and the determination of the dependence of the volatility of mercury on tem-
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perature. The further research is in progress.

2.1.7 Expert System for Neutron Activation Analysts

The first expert system for neutron activation analysis has been designed on personal
computer. The subsystem for gamma spectrum analysis with conventional and intel-
lectualized isotope identification has been preliminarily completed, and relative data
library and experience rule sets has also been established. It is the first to apply the
concepts of fuzzy mathematics to the isotope identification. The whole expert system
is expected to be finished next year.

2.2 Positron Annihilation Spectroscopy

We preliminarily measured the positronium formation and annihilation lifetimes
in the solutions of transition metals with abnormal valences (Ni+4 and Ag+3), and
observed the chemical reaction rate constants.

We also investigated the vacancies formation in GaAs single crystal by positron anni-
hilation, and observed the change and disappearance of these vacancies after annealing
on 303-800 *C.

2.3 Nuclear Track Technique

2.3.1 Standardization of Fission Track Dating Calibration

The neutron fluxes determined by four methods of Au and Co foils, fission products
and uranium standard glass were compared and calibrated. The neutron fluxes from
various methods are agreeable within tolerable error when the reasons of difference
between them were searched and corrected: the error source during the counting tracks
under different conditions was discussed and compared. The crucible for molten alkali
is a PTFE-pot instead of a platinum crucible. This pot is not only cheaper and firmer,
but also more convenient for use than the platinum crucible. A new etching procedure
of combing alkali with acid etching system for fission tracks in zircon was improved
and developed. The excellent results (etching efficiency, optical character of tracks,
measurable area and so on) were obtained using this procedure than using alkali or
acid etching system alone.

2.3.2 Studies of Essential Technique

(1) The TINT method has been developed to reveal confined fission tracks. Apatite
fission track lengths in samples from two exploration wells were measured. Apatite
fission track analysis based on both FT ages and length distribution was used for
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giving more quantitative information on thermal history. (2) A study on natural long-
term track annealing experiment for apatite was completed. The results show that
track fading occurs between 75-127°C, a much narrower temperature interval than
predicted from laboratory annealing studies, for a heating time of 10-30 Ma. (3) A
systematical calibration of fission track dating procedures is in progress. Three zircon,
two apatite and one sphene age standards were used for the calibration. Zeta constant
values determined against a dosemeter glass SRM 962a are 333.0±6.8 for zircon and
330.2±8.9 for apatite.

2.3.3 Clonidine Therapeutical Transdermal System(TTS)

(1) The reservoir of clonidine TTS and its determination method has been devel-
oped preliminarily. In vitro release experiment of clonidine in reservoir of TTS has
been carried out. The experiments demonstrated: the reservoir of clonidine TTS has
constant release rate during 3-7 days, and has come up to advanced home standards.
(2) A polycarbonate controlled release membrane made in our laboratory has been
completed. The experimental device was improved. (3) The controlled release mem-
brane of 0.1, 0.2 and o.3 mg/day clonidine TTS has been preliminarily selected. The
controlled release membrane from home and abroad has been collected and in vitro
contrasted experiments are in progress. The controlled release membrane of 0.2 mg
clonidine TTS has been settled.

3 Application of Low Energy Accelerator

3.1 Developments of Ion Implantation Systems for
Metal Surface Modification

The prototype machine (type M-l), which can be operated at 30-100KeV with non-
analyzed nitrogen ion beam currents up to 10mA, has been put into operation since
last year. Experiments have been done mainly in three aspects:

1. Industrial applications of N-implantation into cutting tools and drills were com-
pleted for first test run. The effects are being evaluated in factory.

2. Preliminary studies of the influences of dose rates and substrate temperatures
on surface hardness for N-implantation into 9Crl8 stainless steel and No.20 steel
samples were conducted. Keeping the total implantation dose of 7xlO17 N/cm2

constant, optimum results appear to be obtained at a dose of 80 fiA/cm2 with
substrate temperatures around 200°C for 9Crl8 samples. The microhardness Hv
with a load of 25g can be increased from 830 to 1600.

3. Basic mechanisms of ion beam mixing effects using 9Crl8 samples coated with 500
A i film and then irradiated with 80KeV N ion beams were investigated. The
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microhardness was improved only slightly, but the friction coefficients reduced
significantly, XPS analysis showed that there was a high concentration (>60 at.%)
of oxygen in the near-surface layer, so the results could be largely attributed to
the formation of T1O2 rather than TiN.

A second ion implanter (type M-2), basically a modified version of M-l machine but
with smaller beam current (5mA nitrogen ion beam ) for experimental research , is
being assembled.

3.2 Electron Linac for Industrial Radiation

After a maximum pulsed beam current of 80mA had been obtained at the first of
this year, the work has been at a standstill since the manufacturer has not got the
approval of being exempted from interest.

3.3 2.5MeV Accelerator(Dynamitron) for
Irradiation Processing

The pressure vessel was completed and tested. The high frequency and high voltage
silicon rectifier modules were assemblied and tested at high voltage in 6.5kg/cm2 SF6
gas.

The high voltage rectifier stack, rf electrodes, extraction system, heat exchanger,
vacuum system were assemblied in advance in IHEP. The control system and interlock
switch were adjusted separately. Each section of beam tube was glued and tested.
Power supplies of magnets were checked and accepted.

In the middle of September all equipments were transported to the user. At the end
of this year all above mentioned facilities were assembled and tuned. 2.5 MV rated
voltage of this accelerator has been achieved.
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VI. NUCLEAR ELECTRONICS

1 BES Electronics

The BES has stepped into stable operation stage to accumulate the Jjtp events since
the beginning of 1990. A group of personnel on duty, who are responsible for safety
operation of the BES electronics system, was organized. The measures for maintenance
of the electronics system and the methods for checking and debugging the system were
perfected further. Also sufficient spares were prepared for repair purpose.

As so far the channels in good condition can be often kept over 98% for the drift
chamber electronics and the shower counter electronics, at 100% for the Time Of Flight
(TOF) electronics and the Muon Identifier electronics.

In respect to the maintenance and improvement of the electronics system, a lots
of progress have been obtained in 1990. More than 7000 pieces of hybrid integrated
circuits, which are used for the shower counter electronics, were repaired with laser
etching technology, that made the channel's number in good condition to be increased
greatly. During the period of BES shut down in the summer of 1990, all the CAMAC
crates on the west end of BES and the connected cables were taken off and then rein-
stalled to cooperate with the repairing of some subdetectors. Meanwhile the electrical
power,and the cooling air and the cooling water system were overhauled. In addition
the influence from external interference on the central drift chamber was eliminated.
The test programs for each electronics subsystem were perfected further. A NIM mod-
ule, which is used for the TOF electronics and designed to possess all functions of five
related Lecroy modules, were designed and put into operation. A To discriminator for
TOF was designed and made available, thereby the time walk of the To signal was
reduced greatly.

2 Technical Support and Service

Based on our technical superiority in the field of nuclear electronics, a lots of high
technology support and service related to the nuclear electronics were offered to BEPC
and research topics of IHEP in 1990. A number of electronics engineers and senior
engineers took parts in the research project for reduction of dead time of BES, the
research program for improving the software operation environment of the computing
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center of IHEP, the modification topic for positron emission tomograph, the research
subject for the data processing system of pulsed star telescope and so on. A fast
current integrator and a precision charge generator were designed for the very high
energy gamma-ray telescope system. 40 sets of 400 V pulse trigger and D-Q trigger,
20 sets of small high voltage power supply were manufactured. 70 modules, which
are used for beam measurement, were completed for the Sino- South Korea contract
program undertaken by our institute.
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VII. THE COMPUTER CENTER (CC)

Remarkable achievements in developing CC were gotten this year. The total CPU
capacity of the host system has been upgraded to 20MIPS. Nearly 30 nodes have been
linking to the expanding LAN; CC was formally jointed into CNPAC, with far higher
quality and wide range of communication. Moreover, the department has made new
progress in enhancing the process capacities of the system, developing environments of
computing & computer networks, R & D, etc. CC strongly supported Data Analysis of
BES. Especially before the twenty-fifth international conference on HEP at Singapore
in August, the whole department had been working overtime for couples of months to
maintain the facilities(machines) run normally, and contributed for IHEP to take part
in the conference successfully.

1 The Development of Computing Environments in CC

1.1 Installing and Running of new VAX 6300 System

VAX 6300 system, which came in January this year, was installed and put into
operation with high working efficiency due to enough preparation and much experience
our engineers have obtained in system installation, meeting the emergent needs of Data
Analysis of BES.

1.2 Workstation System

Six VAXstation 3100 and one DECstation 3100 coming with VAX 6330 have been
linked into LAN. An extra VAXstation 3100, which dedicates for the Astronomy Lab,
has also been admitted to the networks of CC.

1.3 Development of LAN

• Four Remote Terminal Servers, which have communicated with the Center of
Synchrotron Radiation and High Energy Astrophysics Lab.

• Extension of Ethernet:

Host VAX750 in the Central Room of BEPC jointed into the networks.
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• VAX-11/750 in High Energy Astrophysics lab was jointed into the networks
through DDCMP.

1.4 WAN Linking

After it was linked into the national public-packet switching networks(X.25) in May,
VAX-11/785 could communicate with CERN site through new channels by PSI and
EAN facilities since late May and November, respectively.

System Usage between January and December in 1990

Type
Total operation time(hrs)
Operation efnciency(%)
CPU efficiency (%)
Terminal elapsed time(hrs)
Terminal efficiency {%)
Printout (pages)

VAX 6330
5476
69
38.2
23467
13.7
0

VAX 8550
5780
73
53.2
16152
9.4
70609

VAX 785
5594
71
18.6
675201
4.0
105201

VAX 780
5642
71
32.4
47761
19.7
47761

2 Join the Mainframe System of IHEP
Computer Center to CNPAC

One of the mainframes in IHEP computer center-VAX- 11/785, it is the node on the
Ethernet, has been connected to CNPAC (Chinese Public Packet Switching Network)
since April of this year.

CNPAC is the first public packet-switched data network(PSDN) in China. It has
been put into operation since the end of last year, and can offer multiple data commu-
nication business.

The telecommunication between VAX-11/785, as the DTE of CNPAC,and packet
switching machine which is installed in the Telegraph Building is offered by two pairs
of leased telephone lines. The data transmission rate is 4800 baud with full-duplex
on the leased lines. The packenet communication software is VAX P.S.I(Packenet Sys-
tem Interface) with "native mode" configuration which supports a standalone CPU to
connect directly to P3DN.

3 The Information Management and Database
System Environments

1) The works completed this year are as follows:

• Collected the information, opinion, problems and requirements concerning CD-
BASE/VMS and EDBASE/VMS V1.0, the products of this project, from users.
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• Made something about maintaining and modifying of the software products above.

• Extended the using scope these two products,such as:

1. Offered them to the Office of Motor Vehicles and Drivers of the Beijing
Public Security Bureau to develop database.

2. Transported the Payroll Management System of IHEP of CDBASE/VMS.

3. Promote the progress to use CDBASE/VME for the Personal Administration
Systems all of the Academia Sinica.

2) The objects this project got some changes:

• The other subtopics had given up because of no sufficient manpower as well as
the requirements reduced.

• The new version of CDBASE/VMS and EDBASE/VMS will be released the first
quarter next year, and since then be getting into regular maintaining period.
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VIII. RADIATION PROTECTION

In 1990, the radiation protection and dose monitoring system around BEPC and
BPL worked continuously and reliably, and a series of data were acquired. According
to be requests of some departments, detail monitoring measurements for some ̂ .
were taken.

1 Brief Introduction of the Radiation
Dose Monitoring System

1.1 Radiation Monitoring of the Working Area

There are more than 20 monitoring points forming four local monitoring stations
in the working area of BEPC. And different neutron and gamma monitors are set on
every point according to the necessity. There is one DDL. (Digital Data Logger) on
every local station for data acquiring and processing.

There are 14 monitoring points and one local station in the working area of BPL.

Portable 7 dosimeters are provided for the main operating departments of BEPC.
And neutron remmeter and movable monitoring system with neutron and gamma de-
tectors are provided in duty room so that the measurement can be made any time if
necessary.

After BEPC shut-down, the induced radioactivity of the main components was mea-
sured.

1.2 Environmental Monitoring

There are three fixed monitoring stations surrounding BEPC and BPL. The stray
radiation from the accelerators are monitored continuously with high sensitivity neutron
and gamma monitors. On some points accumulated dose measurements were made with
TLD.

Samples of environmental media were taken periodically for measurement of total /?
radioactivity and nuclides analysis. In 1990, the adjusting of low background 7 spec-
trometer was accomplished and the environmental samples and BEPC were measured
with the spectrometer.
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The main detector of the low background 7 spectrometer is p-type coaxial high
pure germanium detector. The resolution for 1.33 MeV peak of ̂ Co is 1.78KeV. Peak
to comp-ratio is 5.75. Relative efficiency is 24.2%. Peak-width ratio is 1.86. The
wall thickness of the lead chamber is 10cm lead with 2mm copper and 2mm cadmium
inside. The background of the lead chamber is 5cps. S-85 multi-channel pulse amplitude
analyzer and PDP/11 mini-computer are adopted as it's data processing. Environnental
soil samples are measured for the nuclides contents with this spectrometer for the first
time in this year, compared and corrected with standard sample. The total uncertainty
measured for the main nuclides is shown in table 8.1.

Tab. 8.1 Total uncertainty of the nuclides and
detectable low limit

nuclides
Energy(KeV)
Total uncertainty(%)
detectable low limit(Bq/kg)

238U
92.59
35.1
80

235U
185.7
21.6
4

2 2 6Ra
351.9
11.5
10

232T h

911.1
7.5
27

4 0 K

1461
7.5
110

137Cs
661.6
28.5
7

1.3 Personal Monitoring

Sealed-type personal dosimeters composed of LiF(Mg,Cu,P)TLD element are used
for personal monitoring. Generally it is measured once for three months. In special
cases it is measured daily or per week according to the necessity. The wearing mode
and the radiation field are checked and tested.

The 7 individual dose alarmers are provided for those persons who should work in
the high radiation field on necessity.

1.4 Discharged Substances Monitoring

Nal(Tl) scintillation counters are provided for the monitoring of the discharged
substances such as water or air during the operation irregularly.

2 Data of Radiation Dose Monitoring

2.1 Radiation Monitoring Data at the Working Area of BEPC

The data taken from the main monitoring points during operation of BEPC are
shown in table 8.2.
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Tab. 8.2 Doses measured on main monitoring points
during the operation of BEPC in 1990

Designation

LI
L4
L7
Rl
R5
R6
R7
R8
R9
19* big
20* big

Position of the
monitoring point

Klystron Oallery, North end
Klystron ti;Jlery, Middle
Klystron Gallery, South end
2nd Colliding pt.
Cross tunnel, West access
Cross tunnel, East access
Control room of BES
BES hall, West wall
BES haJl, East wall
East boundary of BEPC
West boundary of BEPC

Location

working
area

restricted
area

working area
restricted
area
Environment

7 annual
dose(msr)

1.78
13.7
6.06
4.94
3.96
1.77
0.780
6.78
2.65
0.761
0.761

n annual
dose(msr)

6.68xlO-'!

5.35x10 *
2.61x10-'
2.37
6.87
2.23
4.49xlO-2

2.13
0.291
0.220
2.61x10"^

Annual
tatal dose
(msr)
17.9
13.8
6.09
7.31
10.83
4.00
9.825
8.19
2.95
0.981
0.787

2.2 Data of Environmental Monitoring

Tab.8.3 Environment dose level measured with TLD in 1990

Position of the measuring point

*19 environment station
#20 environment station
#21 gas station
Computer center
402 hospital
Building #4-1-603
West road of BEPC
Building *11
Chemistry Building top

Neutron annual
dose(msr)
4.99xlO-2

2.64xlO~2

10.2xl0-2

3.40xl0~2

5.04 xl(T 2

3.56xlO"2

0.11
4.49xlO-2

3.37xlO"2

7 annual dose
(msr)
73.9X10"2

75.8xlO-2

77.4xlO-2

74.0xl0~2

66.2xlO-2

83.0xl0-2

82.6xlO-2

83.6xHT2

Tab. 8.4

Nuc.

*1
*2
* 3
# 4

* 5
* 6

Radioactive

238 JJ

Bq/g
(io-2)
2.64
2.59
2.55

2.98
2.05

PPM

2.14
2.10
2.07

2.42
1.66

Concentration of the Nuclides in

235 u

Bq/g
(io-<)
3.98
4.70
5.70
1.90
0.537
2.38

PPM

5.02
5.93
7.19
2.40
0.677
3.00

2 2 6Ra
Bq/g
(io-2)
3.87
3.81
3.83
4.20
3.45
3.81

PPM
(io-6)
1.035
1.043
1.049
1.150
0.9446
1.043

232 Th
Bq/g
(io-2)
4.80
4.88
4.62
4.72
4.54
4.24

PPM

11.83-
12.03
11.39
11.63
11.19
10.45

Soil Samples

Bq/g
( IO- 1 )
6.14
5.70
5.77
5.60
5.71
5.65

PPM

2.34
2.17
2.20
3.29
2.17
2.15

137Cs
Bq/g
(io-3)
2.22
0.967
0.658
1.25
4.31
2.38
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2.3 The Statistical Data of Personal Monitoring

Tab. 8.5 Dose

Working division

No.l
No.3
No.6
No.9
No.8
No. 10
No.ll
N0.2
No. 13
Operation department
Security
Mechan. ic Power
Hospital

distribution of persons working
department in 1990

Measured
persons
94
20
39
47
54
48
91
81
17
68
6
33
1

in different

Dose distribution(msr
<0.5
21
10
35
29
11
34
58
13
8
58
6
33

0.5-1
63
10
4
15
42
10
12
49
9
9

1-1.5
10

1
1
1
9
19

1

1.5-2

1

2

2-4

1
4

4-10

1

1
1

10-34

1
5

2.4 Monitoring Data of Discharged Substances

during the normal operation of BEPC the radioactivity concentration of the dis-
charged waier or air far below than the national limitation value. After the e+ target
worked for one hour the sample of the cooling water circulated in closed loop from
the target outlet was measured. The max. concentration of 15O is 3.26xlO4Bg/l, the
max.concentration of n C is l.llxlO3Bg/l. When the beam power operated at 20.7W
the max. concentration of 13N in air is 1.89Bg/l. So their effects on environment are
insignificant.

3 Research on the Radiation Field Surrounding BEPC

The radiation shielding of BEPC was designed according to the halfempirical formula
for underground and half-underground structure. The function of radiation protection
is safe and reliable, but the radiation field of high energy accelerator is a pulsed with
poor duty cycle and mixed radiation field of neutron, photon and so on. The conditions
of beam loss and radiation leakage during operation are complicated, the research for
the characteristics of the radiation field and dose level measured around BEPC are
proceeded as follows:

3.1 Measuring of Radiation Dose in the Synchrotron
Radiation Experimental Halls

Two D.D.Ls with neutron and 7 detectors were set in the synchrotron radiation
experimental halls (east and west each has one) as well as TLD for measuring accu-
mulated doses. The neutron doses below 20MeV were measured with the In activated
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method and the neutron and photon doses above 20MeV were measured with carbon
activated method. The main results are as follows:

1) The accumulated doses in the hall have something to do with the injection fre-
quency. During the machine adjustment because of tho frequent injection the dose level
of local area in the halls may be as high as lmSr per week.

2) The dose contribution of photon in the hall is 3 to 5 times higher than neutron.
And there is obvious attenuation along the direction of SR light.

3)There are obvious differences between the dose levels at the beam ports of the east
hall. It is due the different shielding conditions.

4) Radiation dose produced at west hall during e+ injection may be considerable, but
no effect in east hall. And greater radiation dose level at east hall during e~ injection
is higher and somewhat little effect at west hall.

5) During e+ injection as beam blocked by profile target R3-PR.3 a greater radiation
dose at the local area of the west hall may be produced. The instantaneous dose rate
of photon even reach 2mSr/hr.

6) The max.dose contributed by neutron and photon above 20 MeV cannot be greater
than 20% of total dose in halls.

7) The measurement results from activated In and TLD proi't; that the data from
neutron and gamma monitors set in the halls are represent at present radiation level.

3.2 Investigation of Radiation Source of the
Environmental Space

According to the request of National Bureau of Environmental Protection,investigation
of environmental radiation sources is proceeded in this year. The initial results are as
follows:

1) Shielding concrete wall of lm thickness has been constructed outside the west gate
of Beijing Spectrometer hall. The photon radiation is reduced to natral background
and the neutron radiation is below the national limitation value(100/zSr/y).

2) There is effect in environment through skyshine because of the leakage of neutron
and photon due to the thinner roof of the spectometer hall. But accumulated dose per
year is still below the national limitation value.

3) From initial investigation the roof the spectrometer hall is approximately an
ununiform plane-shape source. The main dose contribution on the roof is from neutron.
The max. ratio of neutron to photon is 27. Max. dose rate of neutron is 2.8/iSr/hr and
that of photon is 0.44/zSr/hr.
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IX. FREE ELECTRON LASER PROJECT

1 RF Gun

A complete set of RF gun electron injection system was built and put into test oper-
ation and beam measurement. This system consists of cathode components with their
power supplies, one microwave cavity, beam transfer components, beam measurement
components and so on. By a great number of experiments, the working state was de-
fined preliminarily, and the electron back-bombardment was under control, at the same
time, the emittance of electron beam declined while transfering efficiency rose.

At presmt, RF gun reaches the original design specifications closely so that it is
capable of being provided for the accelerator adjustment and the spontaneous radiation
experiment. The main parameters are given as following, and a waveform of beam is
showed in the upper part of Fig.9.1.

Bunch current
Beam pulse current
Beam macropulse width
B^am energy
Cathode life time

10-20
150
3
0.7-0.9
~200

ampere
mA
flS

MeV
hours

2 Klystron Modulator

A wide pulse high power klystron amplifier has been built and joins into test of RF
gun. One summary of its performance lies in following table, while Fig.9.2 shows a
waveform of klystron.

Peak power
Peak current
Top width
Half breadth (FWHM)
Top ripple
Peak voltage
Repetition rate

75
285
>6
8.8
<0.6
270
12.5

MW
A
fiS

US

%

Kv
Hz
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Fig.9.1 Macropulse waveform of beam,
the upper one is from gun, and
the lower one is from accelerato.
(vertical 40.0 mv/div, horizontal 2.0 /is/div)

Fig.9.2 High voltage pulse waveform
of klystron (totle high 33v, vertical
5.0 v/div, horizontal 2.0 /is/div.)

3 Beam Measurement

Every component of the system was ready in the aspects of design, manufacturing,
installation, adjustment and calibration, including the measurements of beam energy
and energy spectrum, pulse current, beam profile and beam emittance. All components
were running well in the experiment of RF gun and accelerator.

4 Physics of Accelerator

A two-dimensions FEL simulation program was coded.

In the research of FEL pulse, the influence of beam waveform on gain and calibration
was calculated. In order to study the process of the establishment of FEL pulse more
accurately, the influences of noises were considered. In addition, computer simulation
of the thermionic-cathode electron gun is going ahead as compared witi. tested data.

5 Experiment of Accelerator

The preliminary adjustment of accelerator have been done. An electron beam with
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following performance have been got and will come into use in the spontaneous radiation
test.

Energy
Energy spread
Macropulse current
Beam emittance

20-30
<5
150
~100

MeV
%
mA
mm-mrad

Beam waveform of the accelerator can be found in the lower part of Fig.9.1.

6 Physical Experiment and Beam Diagnostics

1) Improvement of the undulator have been completed resulting in obviously im-
proved properties. The spontaneous emission and oscillator experiments will be per-
formed soon.

2) Beam alignment system for BFEL spontaneous emission experiments has been
installed in the experimental area, and its adjustment finished.

3) The monitor system of the beam profile is- being installed and adjusted in the
experimental area. The detectors and BCTs for monitoring beam current and profile on
the transfer line at the exit of the wiggler have been designed and will be manufactured.

4) BFEL IR-Spectrometer and data acquisition system have been improved. A CO2
laser is used in simulation experiment, and the spectrum measured is shown in Fig.9.3 &
9.4 with different scanning interval. The system has been installed in the experimental
area, and is ready for BFEL spontaneous emission experiment.

5) Data acquisition and analyzing system of Time-Resolved Electron Beam Energy
Spectrum

The design and manufacture of phosphor target and vacuum chamber for transferring
electron beam to phosphor were finished. The target is made by ceramics with area of
100 x 50mm2. It was mounted 45° to the beam and was viewed at 45°. The vacuum of
the chamber is 10~7 Torr.

A system to take an image of time and energy spectrum approximately accomplished.

Besides completion of hardware, we prepared software for image processing.

1. Image taking, displaying and storing.

2. Correcting the distortion of the image and cameras light spots.

3. Image analyzing software.

6) Others

The beam transfer line in the experimental area consists of B-magnets, Q-magnets,
beam steering magnets, beam current transformers, the undulator and a sei of vacuum
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wave guide. Testing, installation, and adjustment of this beam line have all been
completed. Loading the electron beam without undulator has been successfully done.

In addition, part of preparatory work on the optical cavity for the optical oscillation
experiment has also been finished.

ACQ. in t e rva l : .010 V

wavelenth

• *

Fig.9.3

ACQ.interval: .002 P

-1

wave lent!)

F'g.9.4
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X.THE MACHINE SHOP

Over the year of 1990, the IHEP has actively expanded its international cooperation
and technical development while ensuring the completion of its basic scientific and
technological projects.

About 180 thousand man-hours have been spent on the planned projects, including
50 thousand hours on basic projects, 90 thousand hours on international cooperative
projects, and 40 thousand hours on technical development projects.

In addition to basic projects, more than 400 incidental and urgent pieces of work
have been done to ensure the smooth proceeding of basic projects.

1 Basic Scientific and Technological Projects

1) Large-calibre quadrupoles and stand project
Following 1989 when 24 large-calibre quadrupoles were produced, a renovation project

has been contracted for the installation and adjustment of quadrupoles and stands. Af-
ter performance test, the quality has been proven to fulfill the technical specifications.

2) Eighty percent of process to fabricate the #3 RF cavity has been done, and now
the project has entered into its final stage of welding in assembling.

2 International Cooperative Projects

1) Quadrupole magnets and stands
Fourteen sets of quadrupole magnets and stands have been processed for the BNL.

The magnet poles are made from high-purity DT4 electrical steel machined with high
precision. It is the first time that the machine shop has undertaken the job to process
magnets for a foreign laboratory, and the testing is up to all specified requirements.

2) Two sets of energy doubler have been manufactured for an Italian company.
3) Two accelerating tubes, stands and wave-guide components have been processed

for America's CNL University and California State University of USA.
4) All components of the 80MeV electron linear accelerator have been made for

South Korea, including four accelerator sections, three girders, one set of quadruple
triplet, buncher, prebuncher, sleeve-mounted focusing coils, vacuum tubes, focusing
coils of klystron and the wave-guide components. The preliminary installation has
been completed ahead of schedule.

60



XL IMPORTANT ACADEMIC ACTIVITIES

1 5th Chinese Cosmic Ray Conference

The 5th Chinese Cosmic Ray Conference was held from 11 to 15 May in Wuhan. 58
cosmic ray researchers, including one from Hong Kong, participated in this conference.
More than forty participants reported their research results.

During the past few years, besides the continuing progress of Tibet mountain emul-
sion chamber experiment, the detectors of Cherenkov light and of particle density as
well as arriving time of EAS have been developed. Several new apparatuses are con-
structed or under construction. They are:

Huairou EAS array near Beijing;

Xinglong atmospheric Cherenkov light telescope(930m a.s. 1.) in Hebei Province;

Lianwang EAS array and atmospheric Cherenkov lignt array(2700 m a.s.l.) near
Kunming and Yangbajing EAS array(4300m a.s. 1.) in Tibet.

All of them will be operated by the end of this year, aimed mainly at the detection
and observation of VHE(~ 1012 eV)and UHE(~ 1015 eV)cosmic gamma sources.

2 25th International Conference on High Energy
Physics

The 25th International Conference on High Energy Physics was held in Singapore
from August 2 to 8. Near 1000 physicists participating in the conference reported
the progresses of recent years in theoretical and experimental aspects of high energy
physics.

More then 30 Chinese physicists coming from the both sides of Taiwan Straits took
part in the conference. Prof. Fang Shouxian, Director of IHEP, gave a talk on the oper-
ation status of BEPC in the accelerator session. Prof. Zheng Zhipeng. vice-director of
IHEP, in a plenary session talked on "Results from Low Energy e+e~ Colliders" intro-
ducing the progress since last June when BES started to take collission data.According
to their talks, BES has accumulated data of more than 6 millions triggers, among
which there are more than 3 millions passing through pre- filtering and more than 2
millions having been reconstucted. The signals of the final states pTT,UTnr,'fr]','yKK and
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77/(1430) etc. of J/ip decays had been obtained, indicating that the operation of BEPC
and BES as well as the data analysis of BES were going normally.

The new progresses of Chinese physirists in the field of the experimental high en-
ergy physics attracted much attention. Many foreign physicists, including Nobel Prize
laureate Prof. S. Ting, congratulated Chinese physicists on their successes after those
talks. B.Richter, Chairman of the plenary session, Nobel Prize laureate, commented
on Zheng's talk: "It is the first time of a new high energy physics laboratory showing
their data. The data collection and analysis are going well and rapidly. BEPC is the
only machine of this energy region in the world and its luminosity is higher than any
machines that have ever existed. Thanks the people who made the machine and who
contributed to the machine."

3 Workshop on Charm Physics

The national workshop on charm physics was held on 4 and 5 October at IHEP in
Beijing. 105 Chinese physicists in total attended the meeting.

Prof. Zheng Zhipeng and Prof. Tang Jufei reported the recent progresses in the
experiments and theories of high energy physics, collected from the Singapore Interna-
tional Conference on High Energy Physics held in August.

The status of BES operation, offline data process and preliminary results of J/ip
physics was introduced by prof. Wang Taijie and Prof. Lijin.

Many physics suggestions were put forward by Prof. He Zuoxiu, Zhang Zhaoxi,
Zhang Changchun and others:

(1) ifi'(W85) resonance decay and gluon production

Prof. He's calculation shows that the glueball production rate in •0' decay, should
be increased-by a factor of 1.5 to 3 in comparison with J/ip decay. Therefore, ip' is the
favourite energy region for glueball searching. He also pointed out that channels in ij>'
decay need to be more precisely measured.

(2)V>(4160) resonance and Ds meson

The new energy region of V>(4160) is particularly interesting. Ds meson produced
in ^(4160) decay should be studied further. 86% of Ds decay channels are unknown
or roughly measured. The absolute branch ratio of Ds+ —> y?7r+ is also not precisely
measured. The measurement of leptonic decay channels of Ds+ —> fx+i/fi,r

+i/T is sig-
nificant in the electroweak theory. The controversy on Ds+ —^ T]W+,TJ'X+ is expected
to be clarified.

(3) ^(3770) and D meson

The studies of Double Cabibbo Suppression P-ocess, the mixing of D° and D° and
non-charmed decay above DD threshold are extremely significant.

(4) Charm baryons, r lepton and others
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There is a large window in the charm baryon physics. Ŝ " and Q.° are expected to
be confirmed. The lifetime, mass and branch ratio of A+,E*+ and others need to be
precisely measured. The measurement of r lepton mass is an interesting subject. In
addition, the observation of i>{%Pi) stale and searching for small mass neutral particles
are also suggested.

Many useful discussions on the above physics subjects have been done. A suggestion
of Monte Carlo studies with detector simulation, that will tell if the subjects can be
accomplished in the BES experiment, is made.

4 Beijing Symposium on Accelerator and
its Applications

The Fourth China-Japan Joint Symposium on Accelerators for Nuclear Science and
their Applications was held from 15 to 17 October 1990 in Beijing. 32 Japanese and
55 Chinese scientists participated the meeting, among them 9 came from IHEP. At the
meeting the representatives from IHEP presented 9 pagers^they were:

- — • / ^

• Beam behaviour and luminosity of BEPC; 1

• The status of positron beam of BEPC Linac;

• Tuning and measurement of the 35MeV Beijing Proton Linac;

• Automatic regulation for energy shift of beam in the injector of BEPC;

• Progress report of Beijing Free Electron Laser Accelerator;

• Present status of Beijing Synchrotron Radiation Facility;

• Theoretical and experimental study of self-sustainning space charge lenses;

• Compensation of solenoid effects at BEPC;

• BEPC survey and alignment.
On October 19 the participants of the symposium visited IHEP.

5 International Conference on Activation Analysis
and its Applications

International Conference on Activation Analysis and its Applications (ICAAA) was
held in the Science Hall, Beijing, from October 15 to 19, which is the first large-
scale advanced meeting ever held in Asia in this fieid. 44 foreign scientists from 21
countries and 76 domestic scholars attended the conference. 180 papers presented in

63



invited lecture, oral and poster forms highly reflect the most recent developments in
the methodology and applications of activation analysis.

The Nuclear Technique Division of IHEP is a main organization unit of this con-
ference, in which 14 representatives took part. The scientists of IHEP submitted 18
papers, among which 5 papers as plenary lectures.

The conference will make great contributions in promoting the academic exchange
and development of activation analysis.

6 The Eleventh Meeting of PRC-US Joint Committee

The Eleventh Meeting of PRC-US Joint Committee on High Energy Physics, es-
tablished under the agreement between USA and PRC on cooperation in science and
technology, was held at the IHEP, Beijing from October 16 to 17, 1990. The purpose
of this meeting was to review the ongoing collaboration and formulate the cooperative
program for next year.

The meeting was formally started by Prof. Zhou Guangzhao, President of the Chi-
nese Academy c r ~iences, co-chairman of the Joint Committee, who first expressed his
warm welcome t Dr.W. N. Hess, also co-chairman of the Joint Committee, and all the
other delegates from the US delegation to come to Beijing to join the meeting.

After a brief introduction on the recent developments of BEPC, BES and SRF, Zhou
pointed out that the successful collaboration in the past decade had brought itself to
a new stage. He believed that both sides would continue this collaboration in the new
decade as vigorously as before.

Dr. Hess responded with congratulating President Zhou Guangzhao on the achieve-
ments made in last year by IHEP. He acknowledged that China is now one of a small
group of countries able to make and possess high energy physics accelerator facilities
and he hoped that BEPC could be turned in the near future into an international
laboratory where physics could be done by both Chinese and foreign physicists, thus
making new contributions to the development of science.

During the meeting Prof. Fang Shouxian, Director of IHEP, on behalf of the Chinese
side delivered the report on the program and status of BEPC, BES and SRF and the
report on the future plan for BEPC upgrading.

Prof.Zheng Zhipeng, Deputy director of IHEP, on behalf of the Chinese side re-
viewed the implementation of the cooperative items last year. He pointed out that the
implementation of the collaboration last year was fine in general in spite of the difficult
circumstances. 10 of the 19 items have been accomplished or are in progress, 9 items
will be carried over. The delegates from the five American national laboratories, on
behalf of the American side, presented summary reports on the same subject.

Prof. Chen Senyu, Deputy director of IHEP, on behalf of the Chinese side proposed
the cooperation items for next year. In accordance with the progress and status of the
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BEPC, BES and SRF, the proposed cooperative items for next year are centered on
machine study and upgrading and synchrotron radiation research. Lengthy discussions
were held at the meeting on the possible use of BES for physics research by American
users. It was decided that the details of this collaboration would be further discussed
when Prof. B. Richter, Director of SLAC, visited IHEP at the end of this year. The
possibility of PRC participation in the R & D of SSC related detectors was also explored.
The American side expressed strong interest in having Chinese scientists participating
in the development and test of the hadron calorimeter prototype and using the beams of
BEPC to test and measure the radiation damage of the hadron cadorimeter prototype
under high intensity beams. Both sides agreed that discussions on the collaboration of
the above two subjects should be continued.

After two day's meeting both sides agreed unanimously on the cooperative program
for the period of October 1990 to October 1991 which included 22 cooperative items, 12
invitations and 8 dispatches. It was also agreed by both side that next meeting would
be held ac Lawrence Berkeley Laboratory, USA, in October or November, 1991.

7 MOU Signed Between IHEP and SLAC

Prof. Burton Richter (Nobel Prize laureate), Director of the Stanford Linear Accel-
erator Center(SLAC), heading a group of three, visited the IHEP from December 9 to
13 at the invitation of prof. Fang Shouxian, Director of IHEP.

The purpose of prof. Richter's visit is , in accordance with the PRC-US agreement on
cooperation in high energy physics, to discuss collaboration on scientific exploitation of
the BES for physics research. During their stay, Prof. Fang Shouxian and Prof. Zheng
Zhipeng had lengthy discussions with the visitors which culminated in provisionally
signing of a " Memorandum of Understanding (MOU)" governing this collaboration.

The main points of the MOU are as follows:

1) Two co-spokesmen, one for Chinese collaborators, one for US collaborators, are
nominated to head the collaboration with consultations and suggestions from a Collab-
oration Council which is composed of several senior physicists from both sides.

2) More than 20 scientists from five US institutions and about 60 Chinese scientists
will participate in this collaboration. Data analysis and events reconstruction will be
done simultaneously at IHEP and SLAC. Each side will send three to four scientists to
the other side for joint data analysis.

3) To ensure a smooth and efficient collaboration and obtain meaningful physics
results as soon as possible, both sides agree to study the feasibility for establishing a
computer network linking the computer centers of two laboratories.

4) All the research results, papers, reports based upon the analysis of data, from
BES should be published in the name of "BES collaboration." Signatures of authors
should follow internationally accepted practices, arranged in alphabetical order.
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8 BSRF User's Meeting (1991)

The Beijing Synchrotron Radiation Facility(BSRF) User's Meeting (1991), spon-
sored by the Chinese Academy of Sciences(CAS), was held at IHEP from December
25-27, 1990. About 120 scientists from more than 40 universities and research institutes
and leaders from CAS attended the meeting. One of the major purposes of the meeting
was to exploit better the facility for SR application researches.

On the opening ceremony, Dr. Zhan Wenshan and Dr. Zhang Houying(both from
CAS), Prof. Fang Shouxian (Director of IHEP and BEPC Natioanal Lab.), Prof.
Ding Dazhao (Deputy director of BEPC Natioanal Lab.) made important speeches on
opening BSRF to users all over the country.

During the meeting, physicists from IHEP introduced the present status of BSRF
experimental stations and some users reported their physical results obtained at BSRF
in 1990. The participants strongly asked to provide more SR dedicated operation time
for more experiments.

More than 60 experimental proposals were received during the meeting, that would
be accepted in 1991 were discussed seriously.

In order to get better management, BSRF User's committee will be established soon,
it will take care of coordinating user's machine time and approving new proposals.
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