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I. INTRODUCTION

The University of Massachusetts (UMass) Nuclear Physics Program continues to

concentrate upon the use of the electromagnetic interaction in a joint experimental and theoretical

approach to the study of nucleon and nuclear properties. During the past year the activities of the

group involved data analysis, design and construction of equipment, planning for new

experiments, and several short experimental runs. Our work related to the Bates Linear Accelerator

Center, as described in part II.A. of this report, largely involved analyzing in fine detail the results

of Experiment 87-02, the threshold electrodisintegration of the deuteron at high momentum

transfers, and in preparing for Experiment 89-09, the measurement of the elastic magnetic form

factor of 3He. The latter experiment involves the measurement of the very small (10-40 cm2/sr)

cross sections for elastic scattering at 160° as well as the threshold breakup region of 3He. We

plan to utilize the detector system developed by UMass for Experiment 87-02 on the deuteron

breakup, as it has the capacity to measure very small cross sections in the presence of large

backgrounds because of its excellent rejection capability. However, a high luminosity target must

be developed for the 3He. This cryogenic high-pressure target is a very complex undertaking for

our group which requires state of the art techniques in machining, as well as very complicated

engineering design that taxes the resources of a small university group such as ours. For design

purposes we have available the expertise of John Mark, the cryogenic target expert at SLAC. This

experiment is to be run in the Bates North Hall using the recirculated beam, but not the continuous

beam from the South Hall Storage Ring which is under construction at this time. In fact, it is

hoped that we will be ready for running when the South Hall Ring is being commissioned in 1993.

Up to this time, there has been virtually no support for this experiment from Bates as they are

putting all possible efforts into finishing the storage ring. As much work as possible is being done

at UMass so that the target assembly, including a new target-changing mechanism, can simply be

inserted into the Bates scattering chamber. This does not minimize the effort required at the time of



installation by the Bates staff with regard to the reinstallation of the helium refrigerator unit, new

electrical wiring, plumbing, etc. However, UMass has much to do before that stage is reached.

Part II.B. describes our work related to experiments carried out at the Stanford Linear

Accelerator Center (SLAC). Our group spent many person.-months on site preparing tot' the E-140

Extension run that was postponed again and again because of beam priorities being given to the

Stanford Linear Collider rather than to End Station A physics. Finally the run began in late August

when we had teaching commitments as well as a commitment for a (y,p) run at the Lund

University microtron in Sweden. However, our major effort on SLAC-related work had to do

with the analysis of so-called beam gas events which had occurred within the PEP storage ring and

were detected in the Time Projection Chamber (TPC). Although we were not involved in the data

acquisition which had taken place over the past ten years or so during the electron-positron

colliding beam work by a collaboration of high-energy physicists, the data were available on

summary tapes for our use. In fact the events that we were seeking, collisions of electrons or

positrons with the residual gas atoms in the very good vacuum of the storage ring, were considered

to be background events by the high-energy physicists. We thought that this work was worth

pursuing for two central reasons: (1) The 15-GEV beam energy is considerably higher than is

planned for CEBAF, and the data are unique in the entire world at this time, and (2) The experience

gained in analyzing these final state multiparticle data acquired with a large detector having a solid

angle close to 4rc sr should prepare us for data to be received by the CLAS detector at CEBAF

when it becomes operational in 1995. The type of physics involved in the TPC analysis, e.g.,

nucleon resonance excitation, is new to our group, and thus has led us in new directions. A maior

effort has been put forth in this analysis, as both of our postdoctoral research associates, a graduate

student, two Russian students, two senior Russian visitors, and especially Professor Miskimen,

have ali been involved with this analysis.



II.

Another prqject that has involved our group in a significantway is the design of the signal

and high-voltage translator boards for the innermost drift chamber for the CLAS detector at

CEBAF. This is described in section II.C. along with other CEBAF activities. During the past

year considerable progress has been made with the translator board project. Since the first beams

are expected in very late 1993 from the CEBAF accelerator, and the CLAS detector is not expected

to be operational until 1995, and since we have approved experiments which involve the use of the

CLAS detector, it is clear that no data will be acquired until at least 1995 on the two approved

CEBAF experiments proposed by UMass. Notwithstanding, we are considering proposing

another experiment involving color transparency in the electroproduction of nucleon resonances.

In our description of other activities involving collaboration with our colleagues at

NIKHEF and Lund, as described in part ll.D., we have included a trip report by Ross Hicks who

is on sabbatical leave at NIKHEF. He attended meetings of the Hermes Collaboration in

Heidelberg, and of the European Electron Facility collaboration at Orsay. These collaborations are

planning to carry out several experiments that were similar to those planned by the defunct

PEGASYS collaboration at SI ,AC. This report should be of interest to the D.O.E.

Thus during the past year we have not been involved in many experimental runs, but

instead we are undertaking several construction and design projects. This was at least partially the

result of there being few accelerators world-wide that were actually producing beams for nuclear

physics research. This situation should change in a year or two. Nevertheless, in the meantime

we have commitments for several construction projects that must be met. We therefore have

dropped out of the SLAC program, at least for the near future, in order to meet our commitments.

Also our group has a recollection of the five years devoted to the PEGASYS project at SLAC that

came to naught.

Another notable item is described in section VI. The faculty in our group are now ali

tenured. Also there have been two promotions during the year so that now we have three full
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professors and one associate professor. We have seven graduate students active in research

activities at this time, and we may acquire one or two more.

In part VIII we describe how our computing facilities have changed in response to

economic and scientific needs. In the past year we retired our VAX 11/750 and are now using the

more powerful VAX cluster at the Center for Computer Services with our own disk drive to be

used exclu: ively by our group. Our old VAX was loaned to the Institute of Theoretical and

Experimental Physics (ITEP) in Moscow, Russia, after considerable effort on the part of the

principal investigator with U.S. and Russian agencies and airlines.

Our group has been actively sought to join several other collaborations. An example is the

Hadronic Electroproduction Collaboration (HELP) at CERN's electron-positron collider LEP.

This collaboration is led by Louis Dick who was involved in the defunct PEGASYS collaboration.

The spin physics to be pursued an d the experimental techniques to be utilized are similar to those

outlined in the PEGASYS proposal. Similarly a PEGASYS-Iikc collaboration for the TRISTAN

electron-positron collider in Japan may be formed. Both LEP and TRISTAN have higher energy

beams than are envisaged for either CEBAF, or for the European Electron Facility (EEF) discussed

in part II.D.I., as LEP has 50-GEV beams and TRISTAN has 30-GEV beams. Clearly both

facilities are suitable for working in the quark-scaling regime where many questions of great

importance remain to be answered. However, the fate of the HELP collaboration is uncertain in

the context of other LEP objectives, and similar remarks could be made about the possibility of

ventures at TRISTAN.

Another possibility for us is to join Experiment E-781 at Fermilab. This is an approved

experiment to study semi-exclusive reactions on nuclear targets with a 600 GeV/c Sigma-minus

beam. Searches for exotics such as pentaquarks, hexaquarks, and H-dibaryons could be made, as

well as measurements of Compton scattering polarizabilities, radiative transitions, and form factors



of Sigma hyperons!. Among the members of the collaboration are our colleagues from Tel-Aviv

University, who pa}ticipated with us in many experiments at Bates and SLAC in past years.

The possi,bi!lityof carrying out a measurement of pion polarizability has been considered by

us during the past year. This is a measurement that bears on tests of the chiral symmetry property

of the underlying QCD Lagrangian, as has been pointed out by our high-energy theoretical

colleague Barry Holstein. This difficult study may be undertaken in several different types of

experiments. Since it is impossible to make a target out of charged pions, the experiments must be

performed off-shell, either by radiative pion-nucleus scattering using the Primikoff effect for

Compton scattering from a photon in the intense Coulomb field of a heavy nucleus, or by pion

photoproduction off of a virtual pion near a proton. The latter appears to be promising at CEBAF

energies, "and such a measurement is being planned at the LEGS facility at Brookhaven for 300

MeV laser back-scattered photons. A measurement was made at the Lebedev Physical Institute in

Moscow several years ago, but a continuous spectrum of bremsstrahlung photons was used. The

use of the tagged photon facility at CEBAF would eliminate many of the problems encountered by

the Lebedev group. If this experiment were done at CEBAF using the CLAS detector, e.g., at F_q,

-- 1 GeV, an additional magnet would be necessary beyond CLAS for measuring the momentum of

the far forward-going pions in the yp --> nr_+_' measurement. It is thought that the n and n+ could

be detected, and not the 7'. Clearly this is a second-round CLAS experiment. We have been

approached by Lebedev physicists to collaborate in a CEBAF measurement. Obviously a detailed

Monte Carlo study must be made before undertaking such a measurement in which many

background channels have been opened up at the higher CEBAF energies. We may proceed to

seek special funds from the NSF for our Russian colleagues in order to carry out studies

preliminary to a proposal. Since Professor Hicks of our group is on sabbatical leave at NIKHEF,

and since he has made the most detailed studies of the possibility of pion polarizability



measurements, we will wait until he returns in September to make our decisions about these

matters. Also Hicks may be aware of special opportunities at European facilities.

In the meantime we have commitments at Bates and CEBAF that we must honor.

However, we realize that delays in the programs at either accelerator could deprive our graduate

students of valuable experience at accelerator sites. We therefore are keeping our options open,

and a necessary vagueness permeates our plans.



I I. Experimental Work

A. Experiments at the Bates Linear Accelerator Center

1. Experiment 87-02: Threshold Electrodisintegration of the Deuteron at

High Q2

Data acquisition for this experiment was completed in the Spring of 1990, and a Physical

Review Letter on the experiment was published in November 1991. The two students on this

project, K.S. Lee of UMass, and W. Schmitt of M.I.T. are continuing to refine their data analysis

and are starting to write their Ph.D. theses. We intend to write one more paper on this experimellt,

in which we will tie together the two analyses and report more fully on the detector, target, and

data analysis aspects of the experiment.

2. Measurement of the 5 th Structure Function in Deuterium and 12C:

By detecting the recoil proton in an (e_,e'p) experiment at an out-of-plane angle and by

using a polarized electron beam, the 5 th nuclear response function can be measured. The 5th

response function is a measure of final state interactions, and vanishes in the absence of final state

interactions. The 5th response function in deuterium and carbon in quasi-free kinematics was

measured for the first time during an experiment at Bates in the summer of 1991. A. Hotta, X.

Jiang, D. Olivieri, R. Miskimen, T. Moreau, and K. Wang participated in the data taking for this

experiment in collaboration with groups from the Univ. of Illinois, Arizona State U., and M.I.T.

The data are being analyzed by two students from the University of Illinois, the lead institution on

this experiment.

3. Single-Particle Densities of sd-Shell Nuclei

For nuclei near the middle of the sd-shell, there exists little evidence for the abrupt filling of

the ld5/2, 2sl/2, and ld3/2 subshells. Instead, these subshells all have partial occupancies, filling

only gradually with increasing A. With its sensitivity to single-particle densities, elastic electron

scattering represents a good means of learning about this progressive filling of the subshells, as
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well as the radial sizes of the single-particle wave functions. Accordingly, extensive electren

scattering measurements have been made at the University of Mainz and at the Bates Electron

Accelerator of the ela_sticCoulomb and magnetic form factt,rs of the J = 5/2 nucleus 27A1. Much is

also known regarding the Coulomb and magnetic form factors of other nuclei in this region. For

example, similar data exists for 25Mg, 29Si and 3lp, and the Coulomb form factors have been

determined for the J = 0 nuclei 2.8Si,30S, and 32p, for which magnetic scattering is forbidden.
r

Nuclear magnetism is largely governed by a relatively small number of nucleons in valence

orbits, and hence magnetic scattering has obviouq sensitivity to single-particle properties. For

example, of the various magnetic multipole components possible in the sd-shell, the highest M5

multipole relies, to a good approximation, only on nucleons in ld5/2 orbits. This dependence

makes it possible to obtain a precise measure of the radial size of this orbit. On the other hand,

because nucleons, predominantly protons, in all shell-model orbits contribute to Coulomb elastic

scattering, the extraction of single-particle information from Coulomb form factors is le:._sdirect.

By Fourier-transforming Coulomb monopole (CO) form factors, precise results have been

obtained on ground-state charge distributions for nuclei throughout the entire periodic I:.able. In

principle, information on single-particle properties can be derived from differences between the

charge distributions of neighboring nuclei. However, these differences also depend on core

polarization and changes in nuclear size parameters, and uncertainties in these prcperl:ies have

impeded many previous interpretations of charge density differences in terms of single-particle

densities. On the other hand, these effects appear to be less important for nuclei in the middle oi"

the sd-shell, and because the single-particle orbit parameters are further constrained by the available

magnetic scattering data, these nuclei are good candidates for instructive tests of our understanding

of configuration mixing in valence shell-model orbits.

Analyses of' CO form factors are normally confined to those nuclei having ground state spin

J = 0 or J = 1/2, For J > 1 nuclei other even Coulomb multipoles enter, beginning with the



• quadrupole C2 form factor. Because the cross sections measured in such cases are comprised of

an incoherent sum of the various multipole components, the CO form factor is not isolated for

transformation. One method of overcoming this difficulty would be to measure the additional form

factors which characterize the scattering of polarized electrons from spin-aligned targets. Although

facilities for such experiments are currently being developed, the relative complexity of theseiii

! measurements will likely limit investigations to a relatively small number of cases. For the present,

however, the only recourse is to use observed systematics and results from nuclear models to

eliminate the contributions of the C2 and higher multipole components. It is this approach that we

have taken to extract the charge distribution of 27A1. The reliability of this procedure is supported

by comparisons with cross sections measured for inelastic transitions where the higher multipoles

i are more evident.In this way we have been able to deduce the 28Si - 27AI charge density difference, in

i addition to the 29Si - 28Si and 3°Si - 29Si charge density differences largely based upon dataI
acquired at Bates by UMass, A detailed study is being made to examine the extent to which these

results can be interpreted in terms of single-particle densities. Specifically, together with the

magnetic scattering data, these results are presently being compared with configuration-mixed

calculations made in an expanded shell-model basis.

4. Experiment 84-28: Transverse Form Factors of llTSn

i Several years ago, using the UMass-Bates 1800 electron scattering facility, we made
i

me_surements of the elastic M 1 form factor of the jr_= 1/!+ nucleus, 117Sn' Results from particle-

traasfer reactions 1,2 show that the dominant configuration in the l l7Sn ground state has an

! unpaired neutron in the 3Sl/2 orbit. Thus, l l7Sn might be useful for checking the interpretation of

the strongly quenched M1 form factors, such as t.hat3 of 205T1. A priori, it is not clear that similar

i c(J,repolarization (CP) effects would be expected. In 205T1,the 3Sl/2 valence particle is a proton,

i and both the proton and neutron shells are almost full. On the other hand, while the ll7Sn proton

l 9
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shell is closed, the valence 3Sl/2 neutron lies midway between the N = 50 and N = 82 major shell

closures. Our analysis of the ll7Sn results, therefore, combines 0rico shell-model evaluations of

the configuration mixing in the neutron shell, together with first-order CP calculations based on the

same formalism and interaction as applied to 205T1.

In addition to the elastic M1 form factor of 117Sn ' form factors have been measured for

transverse excitation of states at 0.159 MeV (3/2+), 0.317 MeV (11/2-), 0.712 MeV (7/2+), 1.01

MeV (5/2+, 3/2+ doublet) and 1.18 MeV (5/2+). These transitions appear to have appreciable

single-particle character, and therefore, provide additional tests of the suitability of the first-order

CP treatment.

lt is expected that this work will be completed this summer of 1992. We are awaiting the

theoretic',d calculations of John Dubach in order to complete this long-standing project.

1. E.J. Schneid, A. Prakash, and B.L. Cohen, Phys. Rev. 156, 1316 (1967).
2. C.R. Bingham and M.L. Halbert, Phys. Rev. C 1,294 (1970).
3. C.N. Papanicolas, L.S. Cardman, J.H. Heisenberg, O. Schwentker, T.E. Milliman,

F.W. Hersman, R.S. Hicks, G.A. Peterson, J.S. McCarthy, J. Wise, and B. Frois,
Phys. Rev. Lett. 58, 2296 (1987).

5. Experiment 82-11: Elastic Magnetic Electron Scattering from 13C at

Q2 = 1 GeV2/c 2

In the process of checking the ELSSY spectrometer detection system built to study the

threshold electrodisintegration of the deuteron, and before taking data on a long-liquid deuterium

target, data were taken on a compact solid 13C target. The incident beam energy and scattering

angle were 540 MeV and 150° corresponding to a three-momentum transfer of q = 5.08 frn-! and a

four-momentum transfer squared of Q2 = 1.01 GeV2/c 2. This is the highest Q2 attained to date for

an elastic electron scattering experiment on a nucleus witt_mass number A > 4. The_ results were

reported in Phys. Rev. C 44, I679 (1991).
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6. Experiment 89-09: Measurement of the Elastic Magnetic Form Factor

of 3He at High Momentum Tr ,nsfer

Because calculations involving few-body nuclei are relatively tractable, measurements on

these nuclei can provide revealing tests of theoretical notions regarding effects such as meson

exchange currents, three-body forces, relativistic dyna,mics, and possibly the transition at high

momentum transfers from the nucleon-meson representation to quark-gluon degrees-of-freedom.

In particular, the elastic magnetic form factor of 3He is of great interest, since this is one of the

very few cases in which the meson exchange contributions have been unambiguously identified.

Theoretical calculations ali lie in reasonable agreement with the existing data. However, beyond

q = 5.5 fm"l, where the data stop, the various predictions begin to diverge. For example, the

calculations by Schiavilla et al. 1 show a second diffraction minimum at q = 6.6 fm"l, followed by a

maximum near q = 7.5 fm -1. In contrast, Sauer et al.2 predict no second diffraction minimum

below q = 8 fm-1, and Hadjimichael et al. 3 predict a minimum, lt is clear, therefore, that the

availability of data beyond q = 5.5 fm"1would be quite sensitive to the relative importance of the

various effects included in the theoretical treatments. The expected cross sections are very small,

and require a detector package that would be able to reject comparatively large backgrounds, such

as the detector built by us for the deuteron threshold electrodisintegration experiment.

We have been awarded 480 hours of beam time to measure the elastic magnetic form factor

of 3He to q = 7.4 fm-1. This low counting-rate experiment will use the Bates high-resolution

ELSSY spectrometer and the improved detector package mentioned above. The target will consists

of a 17 cm long gas cell pressurized to 50 atm and cooled to 20 K. Under these conditions, the

effective target thickness will be 0.53 g/cm 2. Since the breakup threshold of 3He is at 5.5 MeV,

the energy resolution required to isolate the elastic peak can be easily achieved.

Because of the very expensive 3He target material and exacting design criteria of the target

system, we have engaged John Mark of SLAC to work on this project. Through his long

11



experience on similar projects at End Station A and elsewhere at SLAC, Mr. Mark is an

acknowledged leader in the design of high-pressure cryogenic targets, lt is estimated that the value

assigned to the 3He inventory needed for this experiment is of the order of $2 million. We are

planning to borrow the 3He from the Savannah River Laboratory. Every possible means will be

used to avoid the loss of any 3He.

We are making progress towards constructing the main components of the target system.

There are two distinct parts of this project: the target and gas recirculator loop inside the scattering

chamber, and the gas-handling system and refrigerator on the outside. We will also build the target

changing mechanism. Thus the complete target assembly will be built and tested at UMass. We

should be able to install it at Bates such that it could be utilized quickly.

1. R. Schiavilla et al., Phys. Rev. C 40, 2294 (1989).
2. P. Sauer, private communications.
3. E. Hadjimichael et al., Phys. Rev. C 27, 831 (1983).

7. Experiment 89-15: Coincidence Measurement of the D(e,e'p) Cross

Section at Low Excitation Energy and High Momentum Transfer

Much of our research effort during the past few years has been devoted to the measurement

of the electrodisintegration of the deuteron near breakup threshold, first at SLAC at coarse

resolution, and later at Bates at a higher resolution. The cross section for this reaction is of

particular interest because it represents one of the least ambiguous manifestations of the presence of

one-pion exchange currents in nuclei. Nevertheless, present interpretations of these inclusive

measurements still do not settle questions regarding the relative importance of A-isobar

contributions, relativistic dynamics, and higher-order exchange currents. In order to resolve these

outstanding issues, additional data are required.

In collaboration with Japanese physicists, led by T. Tamae of Tohoku University, and

several physicists from Bates, we have an accepted experiment to measure the out-of-plane

12



coincidence (e,e'p) cross section for the deuteron at low excitation energy and high momentum

transfer. This experiment will yield additional structure information in the form of the longitudinal-

transverse interference cross section which, according to theoretical treatments, should strongly

constrain calculations that consider the effects of meson exchange currents and relativistic

dynamics. The enhanced sensitivity to relativistic effects makes this experiment different from

other Bates coincidence experiments on the deuteron.

This experiment will require the continuous electron beam from the South Hall storage

ring. Electrons scattered out of a special thin-window liquid-deuterium target cell will be detected

in the OHIPS spectrometer in coincidence with protons in the MEPS spectrometer. Out-of-plane

measurements will be made without the need of the OOPS spectrometer system because the

kinematic boost near threshold breakup "compresses" the center-of-mass angle in the laboratory

frame. The out-of-plane acceptances and angular resolutions of these two spectrometers are

adequate for the extractions of the longitudinal-transverse interference cross section with good'

statistical precision. In addition, the transverse and longitudinal parts of the cross section will also

be determined. We do not expect to be able to observe the transverse-transverse interference cross

section, since this is predicted to be exceedingly small.

Data-taking for this exl_eriment, approved for 432 hours of beam time, cannot begin before

1993, i.e., before the South Hall ring is completed. In the meantime, the collaboration has many

preparations to make. These include the overhaul and reassembly of the T20 target system and the

installation of an additional drift chamber in OHIPS for determining ionization and recoil

corrections. The responsibility for accomplishing these tasks will be divided between the various

collaborating institutions. Professor Hotta of Shizuoka and other Japanese physicists will return to

UMass this summer in order _ohelp in planning for the execution of this experiment.

13
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8. Experiment 87-09: Measurement of the Quadrupole Contribution to

the N --> A Excitation

This experiment involves physicists from the University of Illinois (C.N. Papanicolas,

spokesperson), Arizona State University, M.I.T., UMass, and the University of Mainz. The

participant from UMass is R.A. Miskimen. The purpose of the experiment is to measure the

quadrupole contribution of the N --> A+(1232) transition by coincident electron scattering. The

decay channel to be studied is the H(e,e'p)rc ° reaction. Protons will be detected simultaneously at

four out-of-plane angles, and polarized beams will also be used to enable the detection of the fifth

structure function. Components of the out-of-plane proton spectrometers (00PS) are presently

under construction at Illinois, Arizona State, and M.I.T.

B. Experiments at the Stanford Linear Accelerator Center

1. Experiment E-140E: Measurement of the x-, Q2., and A-Dependence

of R = ffL/ffT, the E.140 Extension

The ratio of the longitudinal to transverse cross sections, R = ffL/ffT, is one of the most

useful parameters of deep inelastic lepton scattering. Its measurement requires exceedingly high

precision. In experiment E-140, which was completed at SLAC in January of 1986, painst_ing

efforts were made to decrease systematic uncertainties. As a result, data of unprecedented

precision were obtained on R for a range of target nuclei in the kinematic region 0.2 < x < 0.5 and

1 < Q2 < 10 (GeV/c) 2. These data, already reported in several publications, ruled out any strong

dependence on mass number A, as had been suggested as a possible origin for the EMC effect.
I

Experiment E-140 was also the key to cross-normalization of previous SLAC measurements, and

the normalization points of higher Q2 measurements at other laboratories.

Due to inconsistent linac performance, we did not complete ali the objectives of Experiment

E-140. As a result, a proposal was made to extend the E-140 measurements. This propos_ 1
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received the approval of the High-Energy Program Advisory Committee (EPAC), and was finally

run in late August and all of September of 1991. The Nuclear Physics Injector, funded by the

DOE in 1984, was used at normal 2 gs pulse lengths. The microwave energy doubling system

(SLED) with pulse lengths of ~0.1 gs was also used.

In addition to using the SLAC 8 GeV/c spectrometer, as in the previous E-140

measurements, E-140 Extension utilized the 1.6 GeV/c spectrometer, which we upgraded for

experiment NE 11.

The primary emphasis of the extension of these studies was to determine the dependence of

R on the square of the four-momentum transfer Q2 at values of the Bjorken scaling parameter x,

both lower and higher than was done in the initial measurements. In the quark-parton picture, the

structure' functions for deep inelastic scattering should depend only on x, and not on Q2.

However, according to perturbative QCD theory, as Q2 is increased, smaller and smaller parton

sizes are probed, with the result that R is predicted to decrease with increasing Q2. This Q2_

dependence of R can be broken down into several parts, one of which derives from the inability to

resolve partons into their individual constituents at low Q2. Another source of the Q2 dependence

is attributed to the transverse momentum possessed by the struck quark, not only by virtue of its

binding inside the nucleus, but also due to the emission of gluons in the scattering process. In

addition, there are non-perturbative components of hadronic wave functions which can also give

rise to transverse momentum effects, even at very large Q2. The analysis of the data is underway

at SLAC.

2. PEP Beam-Gas Event Analysis: Physics with the SLAC TPC/2y Detector

At the PEGASYS collaboration meeting of January, 1991, UMass physicists and Dr.

Vladimir Gavrilov, from the Institute of Theoretical and Experimental Physics (ITEP) of Moscow,

Russia, discussed the possibility of analyzing events in the Time Projection Chamber (TPC)

resulting from 15 GeV electrons or positrons interacting with residual gas atoms in the PEP
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Storage Ring. It was agreed that Dr. Sergey Shuvalov would come to SLAC in mid-April and stay

for about three months in order to look into the feasibility of utilizing old data tapes with such

events recorded upon them. UMass physicist Rory Miskimen was to make several trips to SLAC

during this period to aid in the p_'eliminary feasibility studies. If there were enough of these

"background" events recorded in the e+e" colliding beam data summary tapes such that useful

information could be extracted, then further analysis would be carried out at UMass, starting in

mid-July, 1991. "Tagged events" in which a scattered electron and disintegration products are

observed simultaneously outside of the e+e- collision region were to be analyzed, and there are

even more possibly untagged events.

These plans materialized exactly as outlined. Dr. Sergey Shuvalov spent three months

working at UMass, starting in mid-July, 1991. We have involved the two UMass postdoctoral

research associates and one graduate student in the analysis. This summer we have Pavel

Degtiarenko of ITEP at UMass for three months. Our attitude toward this project has been that it is

worth a relatively small amount of effort to extract nuclear physics information from these unique

data, already acquired for beam conditions beyond those which will be available at CEBAF, or

elsewhere, for years to come.

The Russian physicists have experience with beam-gas event analysis at the ARGUS

detector of the DESY laboratory in Hamburg, Germany. UMass physicists think of this analysis

as being parallel to future analysis of multiparticle events in the CLAS detector at CEBAF. Thus,

we can become acquainted with high-energy multiparticle analysis years before we will encounter

similar CLAS data from CEBAF.

The analysis carded out thus far can be broken down into two parts: (a). Nucleon

resonance electroproduction in nuclei, and (b). Target fragmentation in deep inelastic electron

scattering.
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(a). Nucleon resonance electroproduction in nuclei:

The analysis of data for nucleon resonance (N*) electroproduction in nuclei has focused on

two issues: (i) what can be learned from the N*'s and (ii) what can be learned about medium

modifications to the N*'s. D. Olivieri will work on the analysis of the N* data for his Ph.D.

thesis. In N* physics the two most topical issues concern the Roper resonance (Pl 1) and its non-

observation in electroproduction experiments, and the so-called "missing resonances" which do not

couple to the nN system. This is an area of physics that has received intense interest for many

years and will form part of the core program for CEBAF. Nevertheless it is possible that because

of the TPC's unique particle identification capabilities and acceptance, and because the data bridges

the Q2 gap between the photoproduction measurements and electroproduction experiments at

higher Q2, that these data can shed some new light on the topics.

In contrast to N* photoproduction physics, the field of resonance electroproduction in

nuclei is wide open with virtually no published coincidence data. One area of interzst is in how the

N*-nucleus interaction modifies the mass and width of the delta andhigher mass resonances. This

information can be used to help constrain models for the N*-N interaction. Medium modifications

are also predicted for pOproduction in the nucleus, with predicted mass shifts of approximately

100 MeV. It is generally believed that the phenomena of multi-nucleon emission is related to

resonance absorption. Real photon experiments are involved with this problem, but there is 'almost

no electroproduction data. Finally, Frankfurt, Miller, and Strikman have recently pointed out the

importance of looking for color transparency in N* electroproduction in nuclei as a test of

quantum-mechanical models for color transparency. While the Q2 range of the TPC data is

certainly too low to reveal color transparency, these authors have suggested that for Q2 _- 1

GeV2/c2, meson exchange currents and final state interactions may be suppressed.

The time-projection-chamber (TPC) is a nearly 4n solid angle colliding beam detector. In

addition to tracking, the TPC determines particle identification by a measurement of particle
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momentum and dE/dx. The TPC is completely surrounded by electromagnetic calorimeters, which

can be used for r_° identification, and by muon chambers. The "27" spectrometers are positioned

in the forward and backward directions along the beam line. Each 2_,spectrometer consists of a

magnetic septum, drift chambers for tracking, time-of-flight and Cherenkov counters for particle

identification, and Nai shower counters for energy measurement. They cover an angular range out

to approximately 10 degrees from the beam axis. For the analysis reported here the 27

spectrometers were used to detect scattered electrons or positrons and hence tag Q2 and v, and the

TPC was used to detect hadrons and photons in the final state. The electron and positron beam

energies were 14.5 GeV.

The TPC data consist of two types. A small amount of data was taken during a dedicated

run on the TPC with injected gases, and a larger amount of data was the beam-gas events extracted

from the TPC data tapes acquired over many years of electron-positron collision experiments.

During the dedicated run data were taken on deuterium, argon and xenon, for a total of

approximately 40,000 events. The trigger for this data was a charged track in the TPC with a good

electron tag in the 2_ spectrometer. The beam gas data is a mixture of 30% H2 and 70% CO by

mass. There are approximately 100,000 events with an electron tag, and another 100,000 events

without a tag. The trigger requirement for the tagged beam-gas data was two charged tracks in the

TPC and a good electron tag.

Semi-exclusive data for the A(e,e'pr_-) A-1 reaction are shown in Figure 1, where the target

is a mixture of carbon and oxygen. In these data the proton and n- are required to carry ali of the

energy and momentum for the event within gates that are consistent with Fermi motion and

detector resolution. No other charged track or calorimeter hits were allowed. The plot shows the

pr_- invariant mass distribution. The A° (1232) peak is clearly visible, as is resonant structure at

higher energies. These data clearly demonstrate the feasibility of exclusive resonance

electroproduction in nuclei.
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Semi-exclusive data for the A(e,e'pp)A-2 reaction are shown in Figure 2. Like the data in

the previous figure, the two nucleons are required to carry ali of the energy and momentum for the

event and no other charged tracks or calorimeter hits were required. The plot shows the photon-

nucleon invariant mass distribution for these events. The data show evidence for significant

proton-proton emission in the resonance region, particularly near the A peak. Two proton emission

in the resonance region has been studied in real photon experiments and the reaction is believed to

proceed through meson exchange current mediated resonance absorption.

The ratio of pp to ph- yields are plotted in Figure 3 as a function of Q2. No acceptance

corrections have been made to the data. Also shown in the figure is the result from an absorption

calculation for the same ratio. In this calculation it is assumed that Oabs = 40 mb and the

percentage of pp absorption was adjusted to 17% to fit the data at low Q2. Corrections have not

been made for absorption of the pp or ph- final state in the nuclear medium. The data show a

relatively flat response as a function of Q2 while the absorption calculation shows a rising fraction

of pp to pre" yields. An increase of absorption with increasing Q2 is expected because the

resonance propagates further before decay, increasing the probability of absorption. The

disagreement between the calculation and data could be interpreted as a decrease of FSI with

increasing Q2, which is the prediction of Frankfurt, Miller and Strikman. However, because of the

preliminary nature of the data, final interpretation must wait until acceptance corrections have been

made and final state absorption estimated.

(b). Target Fragmentation in Deep Inelastic Electron Scattering

The largest part of the TPC data sample is in the deep inelastic region where W > 2 GeV.

Because of the solenoidal nature of the TPC, forward going hadrons from the current

fragmentation region go down the beam pipe and miss the detector. Generally the TPC is only able

to detect hadrons that come out at wide angles or in the backward direction. These events typically

have xf < 0 and are called target fragmentation events.

2o



I i I I J I I I I J I I I I J i I J I J J i I"1'"

C_
__ <_m I
. z_ _ -_
- __ _

. _. _I 0 I

I o I _ H
- _

i 0 i
- _i 0 i

i o i

s 0 i

! w |

,,,, I,,,,i,,,, i,,,, i,,,, e

o o o o o oo

|

s_unoo

21



ii i ,i i ,,,,,, i ,ii,, ,,,

| | I | "_' i | | I | I | | i |
I ! i

._ _ -
.
- _

_m,_ , _ _._

_J r_

. . (_

°m _

!I

. _,_ -

I I I I , I , ,I ,L l I I I I I t I 0

0 0 0 0

_dD/ddD



While the physics of target fragmentation is non-perturbative and cannot be used to test

QCD in a model-independent way, there is substantial interest in the phenomena. Our analysis will

focus on the phenomenology of target fragmentation, and study issues such as the Q2 and mass

number dependence of the process. The TPC data should provide complementary information to

streamer chamber results from Fermilab E665, which are at much higher energy loss v. lt has also

been suggested that the observation of backward doing deltas or nucleons may be a signature for

exotics such as 6 quark bags or two nucleon correlations. The data will be examined for events of

these types.

C. CEBAF Activities

1. Drift Chamber Tests at Brookhaven National Laboratory:

During the summer and fall of 1990 several members of the University of Massachusetts

group (S. Churchwell, R.S. Hicks, K.S. Lee, R.A. Miskimen, and K. Wang) participated with

other CEBAF users and CEBAF staff in wire chamber studies at Brookhaven National Laboratory.

The purpose of these measurements was to study how parallel and non-parallel magnetic field

components influence the operation of a hexagonal cell drift chamber, such as will be used in the

CLAS detector at CEBAF. Another purpose was to study how admixtures of helium in the

chamber gas affect chamber operation. Helium in the chamber gas is useful because it reduces

multiple scattering and because magnetic field effects are lessened due to the reduction of drift

velocity. Data analysis is now complete and a paper has been submitted to IEEE, where it is

presently under review. Based on the results of this study CEBAF is seriously considering the use

of helium in the region 2 drift chamber for CLAS, and Bates is planning to use a helium-based gas

mixture for the BLAST detector.
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2. Experiment PR-89-031: Multi-nucleon Knockout Using the CLAS

Detector

This proposal is a collaboration of physicists from UMass, CEBAF, the National Institute

of Standards and Technology, and the University of New Hampshire. The spokespersons are

R.A. Miskimen, J.W. Lightbody, Jr., and W. Hersman.

The goal of this collaborative proposal is to study the general phenomenology of multi-

nucleon emission. To establish the systematics of this process, measurements will be made over a

wide range of mass number. The proposed targets are 3He, 4He, 12C, and 56Fe. Studies would

be made as a function of excitation energy co, starting from the low excitation side of the

quasielastic peak to above the delta resonance. Beyond this general survey of the (e,e'NN)

reaction, the proposal focused on four specific topics. These topics are three-body forces,

nucleon-nucleon correlations, delta damping through the four nucleon emission process, and

evicdence for 6-quark bags. Beam time was also requested to study the feasibility of doing O'Land

O'Tseparations by the Rosenbluth method.

In 1989 the CEBAF PAC gave conditional approval to this experiment .Full approval was

withheld until the spokespersons agreed with the proponents of five other experiments on a

common run plan. In June 1.991 a workshop was held at CEBAF on the physics that could be

studied in a program of A(e,e'x) experiments on nuclear targets in the multi-GeV energy range.

Both experimentalists and theorists were invited to the meeting. At the workshop a common run

plan for the CLAS electronuclear program was agreed upon, and at the November 1991 PAC

meeting experiment PR 89-31 was given final approval. The PAC awarded the electronuclear

experiments 33 days of run time in Hall B, with 20% of the time at 0.8 GeV, and 50% at 4.0 GeV.

3. Electronics Design for the CLAS Region 1 Drift Chamber:

The UMass group is responsible for the chamber mounted electronics and signal cables for

the CLAS region 1 drift chamber, which is the innermost drift chamber for the CLAS. The
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University of Pittsburgh and Carnegie Mellon University are responsible for the construction of the

chamber itself. The region 1 drift chamber will contain over 7,000 signal wires.

Our group is designing the signal translator boards and the high voltage (HV) translator

boards which must fit in the approximately 1 inch gap between the end-plates of the chamber. The

space constraints in the region 1 chamber combined with the mixed high and low voltages that

these boards must provide, makes the region 1 electronics one of the most difficult electronics

design problems for the CLAS drift chambers. The signal translator boards make the connection

with the signal wires and provide signal amplification for driving twisted pair cables to the front-

end electronics where the TDC's are located. For a pre-amplifier we are planning to use an

amplifier packaged as a single-in-line package (SIP) that has been designed by CEBAF engineers.

The signal translator board contains a mix of high voltage and low voltage, which makes high

voltage breakdown a great concern. The HV translator boards make the connection with the sense,

field, and guard wires and provide the HV biasing. The HV segmentation of the chamber is

provided for in the HV translator board.

During the past year we have made substantial progress with the electronics project. We

recently moved into a laboratory that will be used specifically for this project. A prototype drift

chamber that will be used for testing electronics and cables has been constructed and successfully

tested. Our group recently completed the design of its first electronics boards using the CAD

system purchased through DOE funds in 1991, and we are waiting for the stuffed boards to be sent

to UMass for testing. We are proceeding with the design of the actual region 1 boards and are

planning the details of signal and HV segmentation on the circuit board level. The next major

milestone as specified in our MOU with CEBAF calls for us to provide the first full size prototype

boards to the University of Pittsburgh and C.M.U. groups by the end of the summer.
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4. Color Transparency in the Electroproduction of Nucleon Resonances:

In high Q2 exclusive reactions color transparency predicts that a hadron will have reduced

final state interactions (FSD with the nuclear medium. One measure of FSI suppression is a ratio

called the transparency, which is defined as

T = _._qA_
AgN'

where gA is the nuclear cross section, erN is the cross section on the nucleon, and A is the mass

number. In general, DWBA calculations (Glauber model calculations) predict transparencies that

are significantly less than one and nearly independent of Q2. Color transparency predicts that at

very high Q2 the transparency should approach one. In this limit the medium has become

"transparent" to the final state hadron, and the FSI have vanished.

In contrast to previous theoretical work in color transparency which was largely

semiclassical, theorists are now constructing quantum models for color transparency. In these

models the small "object" that is produced in the high Q2 reaction is a superposition of hadron

excited states. The initial state wave function would then be written as

I_gi > - Y_ahlh >,
h

where ah are constants and the sum is over hadron excited states. The wave function then evolves

with time, and the overlap of the wave function with the hadron ground state or excited state can be

calculated. Nucleon resonance (N*) electroproduction data are urgently needed to test diffractive

models of color transparency.

We are preparing a letter-of-intent that will use nucleon resonance electroproduction in

nuclei to study color transparency. Calculations suggest that a CEBAF experiment would be in a

kinematic range where color transparency would be apparent in oscillating transparency and in the

suppression of meson exchange currents. Quantum models of color transparency suggest that

weak states (Roper at Q2 > 0 or A(1232) at high Q2) might increase their strength in the nucleus
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relative to other N*'s, and strong states (Sll at high Q2) might get filtered out. Transparency in

quasi-free (e,e'p) might oscillate and be out of phase with transparency in resonance production.

The proposed experiment would provide a precision test of quantum models of color transparency

that are being developed.

We propose to use the CEBAF CLAS detector with the maximum available beam energy to

measure N* electroproduction in nuclei and the quasi-free (e,e'p) reaction at high Q2. A(1232)

production and decay will be observed through ph- and pnO final states, and the Sl1(1535)

resonance through the prl final state. Direct evidence for final state interactions in the resonance

region will be observed through emission of pp and pn + final states. Models for color

transparency can be tested by making comparisons of data with different target mass at fixed Q2,

and by measuring resonance absorption and decay yields as a function of Q2. The target required

for this measurement are 2H, 4He, 12C, and 56Fe. In approximately 400 hours of running at 4.0

GeV incident beam energy, a statistically significant measurement could be made for Q2 as large as

5 GeV2/c 2.

No significant modifications of the CLAS detector are required for this experiment. The

wide angle calorimeter will be required for electron, n °, and 11detection. Additional wide angle

calorimetery would be highly desirable to increase the acceptance of n ° and rl. A modification to

the target holder so that two or more targets could be mounted in the detector would allow the beam

to pass through ali of them simultaneously. This would be useful in limiting systematic errors, and

would permit running this experiment in conjunction with several other experiments. These are the

multi-hadron experiments (PR-89-015, -017,-027,-031,-032, and -036) which are approved for

16.5 days of running on 4He, 12C, and 56Fe at 4 GeV incident energy.

Tentative plans call for submitting a letter of intent to CEBAF to be followed by a full-scale

proposal.
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5. Experiment PR-89-0_5: Study of Coincidence Reactions in the Dip

and DeRa-Resonance Regions
I

The purpose of this experiment is to do a systematic study of the excitation energy co and

momentum transfer q dependences of the cross sections for coincidence reactions with one or

several hadrons in th_ final state, e.g., (e,'N), (e,e'NN), (ee'N_), etc., in the dip and delta

resonance regions for several nuclear targets (e.g., 3He, 12C, 40Ca, and 208pb). Results of the

intermediate energy single arm (e,e') and coincidence (e,e'p) experiments in these regions indicate

the importance of the multinucleon processes and the role of A(1232) resonance in the reaction.

The goals of the experiment are: (1) to isolate the different multi-nucleon processes and investigate

their co and q dependence; and (2) to study the A(1:232) production and its interaction with

nucleons. The momentum transfer dependence of the (e,e'N_) reaction will be measured to

investigate the possible modification of the delta and its magnetic form factor in the nuclear

medium. This program will be extended to study reactions with tagged photons.

There is growing evidence to suggest that multi-nucleon processes in inelastic electron

scattering may be more important than previously anticipated. Moreover, little is known about the

role of A-isobars in such interactions. Only by coincidence measurements made by utilizing large-

acceptance detectors can one l_ope to identify and learn about the most important multi-nucleon

mechanisms. Together with the extended energy range of the CEBAF accelrator, the particle-

identification properties and the almost-4_ acceptance of the CLAS detector will provide

unprecedente_ opportunities to probe these reactions.

This experiment was proposed by H. Baghaei while he was a postdoctoral research

associate at UMass. In September of 1990, he moved to the University of Virginia.
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D. NIKHEF-Lund Activities

1. Trip Reports: Hermes and EEF

Professor Ross Hicks is spending his sabbatical stay in Amsterdam from January through

August of this year. Hicks has attended workshop meetings for two European initiatives during

his stay. Neither of these meetings was attended at D.O.E. expense. The first was the January 16-

17 meeting of the HERMES collaboration in Heidelberg. The second was February 10-14

workshop at Orsay of European physicists seeking to develop a proposal for the construction of a

15-Gev European Electron Facility (EEF). A report on these meetings follows.

The HERMES collaboration has submitted a proposal to use the HERA ring to measure the

spin-dependent structure functions of the proton and neutron with longitudinally-_,olarized

electrons having energies up to 35 GeV. Present knowledge of these spin-dependent structure

functions is poor; only gPx has been measured, and even these data are relatively imprecise.

Nevertheless, the results are exceedingly provocative. One interpretation, which relies upon SU(3)

flavor symmetry and the application of two sum rules (Bjorken and Ellis-Jaffe), is that quarks

carry only about 12% of the nucleon intrinsic spin. Furthermore, the contribution of s quarks is

far from negligible, and this interferes destructively with the spin contributions of u and d quarks.

It is the objective of the HERMES collaboration to test this contentious interpretation by making

extensive and precise new measurements using internal polarized gas-jet targets of hydrogen,

deuterium, and 3He, in conjunction with a large-aperture, forward magnetic spectrometer. In

addition to measurement with polarized beam, HERMES is now considering the possibility of

performing experiments with beams of unpolarized electrons. In principle, these could be

performed in parasitic mode, without impairing the HERA high-energy program, and hence several

months of each year will be available for such work.

About 50 collaboration members were present for the HERMES meeting at Heidelberg.

The collaboration is rather broad, as indicated by the following list of institutions.
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Experimental Component Institute

Electromagnetic calorimeter LAMPF, New Mexico, Cal. Tech, Illinois.
Additional possibilities include Frascati,
Yerevan, Mainz and NIKHEF.

Transition Radiation Detection TRIUMF, Univ. of Alberta.

Scintillator horoscope Cal. Tech.

Wire chambers Heidelberg, Zeuthen, Erlangen, St Petersburg,
Argonne, MIT, and possibly TRIUMF.

Cerenkov detector Argonne.

Magnet St. Petersburg, Sanita.

Silicon strip detectors Torino, Zeuthen.

Data acquisition system ? '

Electron polarimeter ?

Polarized targets Wisconsin, MIT, Cal. Tech., Argonne, and
Heidelberg.

Perhaps the most important issue to emerge from this meeting relates to the qualified

approval given to this project by the HERA program advisory committee, which feels that

HERMES should be given full approval only after HERA achieves the 80% beam polarization

sought in the HERMES proposal. Many of the collaborators, particularly those from the U.S.,

argued that such conditional approval jeopardized their chances of winning from U.S. funding

agencies the support required to develop the facilities for which they were responsible. These

groups requested that the collaboration's spokespersons approach the HERA management with the

view of obtaining a more affirmative statement of support for HERMES.

Irrespective of this dilemma and the intrinsic merit of HERMES, it was clear that there still

remained much to be done if the experimental objectives of HERMES are to be realized. Almost
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every aspect of the spectrometer needed attention. For example, flaws had been found in the

previous magnet design, and the momentum resolution and background capabilities of the various

detector components were still to be resolved. Although much effort is being invested into

correcting these deficiencies, it was felt that a judicious expansion of the collaboration would

greatly promote chances of success. Other news was more reassuring. In particular, good

progress has been made in the development of polarized targets for HERMES. To a large extent,

this development was primarily motivated by the need to provide polarized targets for experiments

at other laboratories. How these targets would perform in the HERA environment remains

something of an open question.

Looking beyond HERMES, European scientists are pressing forward with a new initiative

for the construction of EEF, a 15-3(.)GeV European electron accelerator capable of delivering

continuous beam currents in excess of 10 _tA. It is intended that at 15 GeV the momentum

resolution of the beam should be no worse than 3 x 10-4, and that beams having >80% polarization

be available. The steering committee for this new facility has recently invited the submission of

theoretical papers to motivate this project, as well as proposals for specific experiments and

detectors. These contributions will be reviewed at Mainz, in early October.

The 50-60 attendees of the Orsay workshop were given a detailed account of the progress

that has been made thus far. In particular, the subcommittee responsible for the detector design has

decided that the two-linac racetrack CEBAF design will not be appropriate for the higher-energy

EEF. Instead, a one-linac, multipass racetrack configuration will likely be adopted. Bonin from

Saclay reviewed the progress that has been made on superconducting microwave cavities during

recent years. Field gradients of 10 MV/m can be routinely achieved, with surface defects limiting

the realization of larger gradients. In principle, 1000 MV/m should be possible, before the onset of

the quantum tunnelling that leads to copious electron emission from the cavity walls! Combined,

the Saclay and Orsay institutions have about 20 persons working on the development of
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microwave cavities, by far the largest group in the world. For EEF, the best unit appears to have 9

cells, and will operate at 1.3 GHz and 1.8 K. Coincidentally, these parameters are identical to

those specified by the TESLA collaboration for a new collider facility proposed for construction at

DESY. In fact, an agreement has been established to work with DESY to develop the new cavity

design. ''_

Compared to the accelerator prope_'t!es, the ideas regarding the detectors at the new facility

are much more preliminary. Nevertheless, conceptual designs were presented for a novel large
i '

acceptance detector, as well as more conventional high-resolution magnetic spectrometers. Pierre

Bertin from Clermont-Ferranti discussed a possible rationale for the design of the large acceptance

detector. At EEF, one would seek to measure not only the hadronization of the quark struck in

Deep Inelastic Scattering (DIS), but also the fragmentation functions of diquark target remnants.

The Lund String model and Monte-Carlo program can be used to reliably predict the distributions

in angle and momentum of the produced hadrons. In particular, it will be useful to anticipate the

extent of jet formation with 15 GeV and 30 GeV electron beams.

Saclay's Fournier proposed some design objectives for a large-acceptance spectrometer

capable of making such measurements. The angular acceptance should be large, extending from a

few degrees to almost 180°. The momenta of charged particles would need to be measured to at

least 1%, with an angular precision of better than 1 mr. Precise vertex reconstruction would be

required for extended targets. Particle identification should be such that "?-rays,electrons, muons,

pions, kaons, and protons can be resolved. The ability to accommodate large luminosities was

considered essential, as is the requirement of rejecting backgrounds from such processes as M¢ller

reactions, bremsstrahlung, and secondary photoproduction. Fournier advocated that good
|

| background rejection would rely upon a careful design of the detector vacuum chamber, a lack of

j material in the bending plane of the spectrometer, and the existence of relatively weak trapping
I

fields to confine low-energy background. The task of designing suitable event triggers should not

32

mt

i_PlllliIl,,,1i_



be underestimated. Foumier presented a novel design for a large acceptance detector, in which the

magnetic field derives from a superconducting solenoid, oriented not with its axis along the

incoming horizontal beam direction, but vertically. The target is located in an opening at the side of

the solenoid, and the momenta of the reaction products are determined by spatial measurements

made in banks of wire chambers situated within a 3 T magnetic field. Particle identification is

realized by means of dE/dx and time-of-flight measurements, as well as by measurements of

shower development in surrounding calorimeters.

Blomqvist presented a preliminary design for a high-resolution 15 GeV/c electron

spectrometer of QQDD design. Large-bore, superconducting elements would provide acceptances

of 5.4 msr in solid-angle and 10% in momentum. The angular and momentum resolutions would

be < 0.5 mr arid 0.05%, respectively. Overall, the spectrometer would be 48 m long, about the

limit for a movable spectrometer. A spectrometer of comparable specifications for a 30 GeV beam

would need to be fixed, and the scattering angle varied by changing the entry angle of the incident

electron beam. Synchroton losses may ultimately limit the performance of such spectrometers.

The average energy loss in the spectrometer described by Blomqvist is 8.5 MeV. Monte Carlo

calculations are needed to evaluate how the dispersion in this loss impairs the resolution.

The range of theoretical concepts explored at the workshop were primarily concerned with

unpolarized electron beams. These topics included hadronization, color transparency, charm

production, exclusive virtual Compton scattering, DIS tagged on the observation of slow hadrons

emitted at backward angles, and diquark models for strangeness production. The choice of these

theoretical subjects underlined the influence of the PEGASYS proposal in motivating the EEF " , .... .

initiative.

The EEF steering committee is chaired by Thomas Walcher (Germany) and includes

Jacques Arvieux (France), Enzo de Sanctis (Italy), and Peter de Witt Huberts (Netherlands). The

present strategy of the EEF collaboration is to develop arguments that would persuade European.
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governments of the essential merit of such a project, and to further demonstrate the large number of

European scientists who would be active in the endeavor. Indeed, commitments from U.S. and

other international scientists are not being actively sought at present; the EEF collaboration wishes

to establish, first and foremost, the large number of European scientists dedicated to the project, lt

is hoped that at least 300 European nuclear scientists would commit substantial research efforts to

EEF. These scientists would come mainly from Germany (=150), France (--.100), The

Netherlands (=50), and Italy (=50). Nevertheless, as one member of the EEF steering committee

disclosed, any spontaneous promise of support from U.S. nuclear scientists would be very

warmly welcomed. At this early stage, no reliable cost estimates have been made for the project.

According to one estimate, it is foreseen that the ultimate request would be in the range $0.3-0.6B.

At first sight, this might appear to be a considerable underestimate, especially since it is of the same

order as the cost of CEBAF, a 4 GeV facility. However, it is hoped that the additional expense of

a higher-energy EEF beam would be largely offset by the requirement of a smaller beam current. It

is envisaged that thick targets can be utilized t,J maintain good experimental luminosities.

2. Photoprotons from 1°B

A short experiment on 10B, requiring only two runs of two weeks each, including detector

installation, and beam time both for calibrations as well as measurements, took piace in March and

August-September of 1991 at the Lund University Microtron in Lund, Sweden. This 100% duty

factor accelerator has a tagged photon facility that produced photons of energies 60 and 80 MeV,

which were ideal for this photoproton experiment. These measurements will serve as an extension

of recent UMass (e,e') and (e,e'p) measurements on 10B previously made at Bates and NIKHEF

as a test of the consistency of interpreting these two reactions in terms of a single nucleon wave

function. The accurate nuclear structure information obtained from the combined analysis of (e,e')

and (e,e'p) data places a constraint on the quasi-free knockout contribution to the 10B('y,p)cross

section. Hence, it will be possible to extract the relative importance of two-nucleon processes
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(such as those calculated by the Modified Quasi Deuteron model) compared to quasi-free knockout

in the (),,p) reaction.

The class of (_,,p) reactions we seek to study are those in which the knocked-out proton

has much more momentum than the incident real photon. In the simplest interpretation, such

protons must have been in high-momentum components of the initial state wave function. The

cross sections for such processes are, therefore, expected to be sensitive to meson exchange

currents ,and short-range co,relations between nucleons. In principle, the sensitivity of the (3',P)

reaction to high-momentum components should complement results from electro-induced

reactions. By selecting (y,p) kinematics to be very close to those of the (e,e'p) experiment, the

(e,e'p) data will determine the quasi-free knockout contribution to the (7,P) reaction. Any

differences from the quasi-free knockout description may then point to the need for additional high-

momentum components in the nuclear wave function due to N-N correlations.

In parallel with the experimental effort, graduate student Chris Arabadjis is working with

Professor Dubach to improve the theoretical description of (e,e'p) reactions.
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III. Theoretical Work

Once again the focus of the theoretical work this year has been on weak and

electromagnetic interactions in a variety of nuclear processes. Partly in support of this effort, but

for its own right as weil, we are also working on some aspects of nuclear structure.

One theoretical graduate student, G. Feldman, completed his Ph.D. thesis in January.

This thesis discussed weak interactions in the purely hadronic sector and consisted of two parts,

the construction of aL,effective weak parity-violating potential for ali nucleon and A channels and

then application of a similarly-constructed potential for nucleon and A channels to the decay of

hyperr, uclei. In the first part of this work he expanded upon a technique based on an SU(6)w

sym,netric quark model (originally developed by Desplanques, Donognue, and Holstein to treat

v,,eak interactions in the nucleon-nucleon sector) to construct weak parity-violating nucleon-

nucleon-meson, nucleon-delta-meson, and delta-delta-meson vertices. With these vertices, a

weak parity-violating potential can be constructed for all nucleon and ,5 channels with the

exchange of _, 19,and co mesons. This work has recently been published in Physical Review C.

We are proceeding to use this weak potential in an analysis of elastic polarized proton-
.._)

proton scattering, p + p _ p + AP' at intermediate energies where the ,5 intermediate states play

an important role. While such an analysis would have been the logical second part to Feldman's

thesis, this was judged inappropriate since the necessary calculations would be lengthy,

technically tedious, and not particularly instructive for a graduate student. Instead, he applied a

similar SU(6)-based meson-exchange weak potential in the N-A sector (developed earlier by

UMass student L. de la Torre) to the simpler case of hypernuclear decay in a Fermi-gas model.

In earlier work we had discovered that the addition of K exchange to r_exchange in the weak

AN _ NN potential made little difference to the total hypernuclear decay rate but dramatically

modified the predicted ratio of the partial width for decay into np channels to that for decay into

pp channels. Feldrnan explored the K exchange dependence of other observables, particularly
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the up-down asymmetry of emitted protons, where he found significant differences between n

only and n + K exchange models. A manuscript on these results has been drafted and is now

being polished for publication.

Graduate student C. Arabadjis continues to make progress on his thesis project, a

merging of our large basis shell-model calculations with "standard" calculations of the (e,e'p)

reaction. He has recently completed the (p,p') portion of the project (which turned out for a

variety of reasons to be surprisingly time-consuming) and is now engaged in putting the various

pieces of the project together. We anticipate a completed thesis within a year.

A third graduate student, J. Gallant, has embarked on his thesis work. We have

developed a technique which we believe to be novel, for coupling core-polarization techniques

with our large-basis shell model codes. He is currently in the process of coding and debugging

the programs necessary to implement this technique. Once this is completed, we will be in

position to apply this technique to a variety of problems including testing certain assumption,s

made in previous core polarization calculations, exploring the construction of effective operators

for different shell model basis-truncation schemes, and studying a variety of interesting

electromagnetic and weak transitions in nuclei.

A review article is being prepared for Physics Reports, in collaboration with T.W.

Donnelly, M. Musolf, S. Pollock, E. Beise, and S. Kowalski, on the subject of semi-leptonic

tests of the structure of weak neutral currents. This is a topic which has received considerable

attention in the last year (particularly in regard to potential CEBAF experiments) and the review

article has expanded accordingly. We expect to come to closure on this article by mid-July.

Finally, we have completed an extensive set of shell-model calculations of 27A1, 28Si,

29Si, and 30Si in support of an analysis of electron scattering data being undertaken by Prof.

Hicks. The arduous computer task oi including meson-exchange current contributions to this

analysis will be attempted later this summer.
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IV. Publications and Presentations by Members of the University of
Massachusetts Medium Energy Physics Group in the Period June 1, 1991 to
May 31, 1992

A. Journal Publications:

1. "Elastic Magnetic Electron Scattering from 13C at Q2 = 1 GeV2/c2,'' R.A. Miskimen, H.
Baghaei, M. Frodyma, R.S. Hicks, K.S. Lee, G.A. Peterson, S.H. Rokni, P.E. Bosted,
S.E. Rock, K.A. Dow, W. Turchinetz, J.D. Zumbro, B. Frois, J. Martino, S. Platchkov, A.
Hotta, and R.L. Huffman, Phys. Rev. C 44, 1679 (1991).

2. "Measurements of Deuteron Threshold Electrodisintegration: A Probe of Short-Range
Meson Exchange," K.S. Lee, W. Schmitt, H. Baghaei, D. Beck, P.E. Bosted, S.
Churchwell, B. Frois, R. S. Hicks, A. Hotta, J. Martino, R.A. Miskimen, G.A. Peterson, S.
Platchkov, M. Spengo_, W. Turchinetz, K. Wang, C.F. Williamson, T. Yates, and J.D.
Zumbro, Phys. Rev. Lett. 67, 2634 (1991).

3. "Electron-Nucleus Interactions," G.A. Peterson, Nucl. Phys. A 527, 367c (1991).

B. Articles Accepted for Publication: None

C. Articles Submitted for Publication:

1. "Systematic Approximations for the Bethe-Salpeter Equation," G.A. Crawford, Submitted
to Phys. Rev. C.

2. "Effects of Non-Parallel Magnetic Fields on Hexagonal Cell Drift Chambers," M.D.
Mestayer, C.L. Tam, K. Wang, H. Baghaei, S. Christo, S.A. Dytman, G.P. Gilfoyle, J.D.
Hewitt, F.W. Hersman, R.S. Hicks, R.A. Miskimen, R. Schumacher, and M.F. Vineyard,
Submitted to IEEE Transactions on Nuclear Science.

3. "Elastic Magnetic Electron Scattering from 89y and Finite Fermi System Theory," J.E.
Wise, F.W. Hersman, J.H. Heisenberg, T E. Milliman, J.P. Connelly, J.R. Calarco, W. Kim,
R.S. Hicks, R.A. Miskimen, G.A. Peterson, R.P. Singhal, S.A. Fayans, A.P. Platonov, and
E.E. Saperstein, Submitted to Phys. Rev. C.

4. "Measurements of the Electricand Magnetic Form Factors of the Proton from Q2 = 1.75to
8.83 (GeV/c)2," P.E. Bosted, L. Clogher, A. Lung, L. Stuart, J. Alster, R.G. Arnold, C.C.
Chang, F.S. Dietrich, R. Gearhart, J. Gomez, K. Griffioen, R.S. Hicks, C. Hyde-Wright, C.
Keppel, S. Kuhn, J. Lichtenstadt, R.A. Miskimen, G.A. Peterson, G. Petratos, S. Rock, S.
Rokni, W. Sakumoto, M. Spengos, K. Swartz, Z. Szalata, L.H. Tao, and W. Dodge,
Submitted to Phys..Rev. Lett.

D. Articles Soon to be Submitted for Publication:

1. "The Elastic M1 Form Factor of 117Sn,,, R.S. Hicks, H. Baghaei, R.A. Miskimen, G.A.
Peterson, S.H. Roknl, J. Dubach, A. Hotta, and T. Suzuki, To be submitted to Phys. Rev,
C.

E. Articles in Preparation:

1. "Weak Non-Mesonic Decay of Hypernuclei," L. de la Torre, J.F. Donoghue, J. Dubach,
B.R. Holstein,and M. Kimura,To besubmittedto Phys.Rev.

2. "Probing the Hadronic Neutral Current with Electron and Neutrino Scattering," M.J.
Musiolf, T.W. Donnelly,J. Dubach, S.J. Pollock, S. Kowalski,and E.J. Beise, Review
Article.

F. Published Invited Conference Talks: None
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G. Invited Talks to be Published in Conference or Workshop Proceedings:

1. "Measurements of Deuteron Electrodisintegration: A Probe of Short-Range Meson
Exchange,"Bull.Am. Phys.Soc. 37, 973 (1992).

H. Abstracts of Contributed Papers:

1. "A Precision Measurement of the Neutron Elastic Electromagnetic Form Factors at High
Momentum Transfers," L.M. Stuart, R.G. Arnold, P.E. Bosted, L. Clogher, C. Keppel. A.
Lung, S. Rock, M. Spengos, Z.M. Szalata, L.H. Tao, J. Gomez, F. Dietrich, C.C. Chang,
G.A. Peterson, R.S. Hicks, R.A. Miskimen, W. Dodge, K. Griffioen, G. Petratos, W.
Sakumoto, S. Rokni, R. Gearhart, S. Kuhn, J. Lichtenstadt, J. Alster, C. Hyde-Wright, and
K. Swartz, Bull. Am. Phys. Soc. 36, 2125 (1991).

2. "Precision Measurement of the Neutron Electric and Magnetic Form Factors at High
Momentum Transfers," A. Lung, R.G. Arnold, P. Bosted, L. Clogher, C. Keppel, S. Rock,
M. Spengos, Z. Szalata, L.H. Tao, J. Gomez, L. Stuart, F.S. Dietrich, G. Chang, G. A.
Peterson, R.S. Hicks, R.A. Miskimen, W. Dodge, K. Griffioen, G. Petratos, W. Sakumoto,
S. Rokni, R. Gearhart, S. Kuhn, J. Lichtenstadt, J. Alster, C. Hyde-Wright, and K. Swartz,
Bull. Am. Phys. Soc. 37, 884 (1992).

3. "A Design of an out-of-plane Spectrometer Support System for Studying (e,e'x)
Reactions," S. Dolfini, L. Bartosek, R. Beck, J. Harrop, R. Laszewski, J. Mandeville, E.
Offerman, C. Papanicolas, S. Williamson, A. Bernstein, W. Bertozzi, V. Boeglin, V.
Bhushan, D. Dale, S. Gilad, M. Holtrop, D. Jordan, J. Kelsey, S. Kowalski, T. Mcllvain, L.
Weinstein, K. Dow, G. Dodson, M. Farkhondeh, W. Sapp, D. Tieger, C. Tschalaer, W.
Turchinetz, J. Zumbro, R. Alarcon, J. Comfort, J. Gorden, D. Martinez, M. Epstein, D.
Margaziotis, R.A. Miskimen, D. Mack, and S. Wood, Bull. Am. Phys. Soc. 37, 885 (1992).

4. "Performance of an out-of-plane Spectrometer for Studying (e,e'x) Reactions," J.
Mandeville, R. Beck. S. Dolfini, J. Harrop, R. Laszewski, E. Offerman, C. Papanicolas, S.
Williamson, A. Bernstein, W. Bertozzi, V. Bhushan, W. Boeglin, D. Dale, S. Gilad, M.
Holtrop, D. Jordan, S. Kowalski, T. Mcllvain, L. Weinstein, K. Dow, G. Dodson, M.
Farkhondeh, W. Sapp, D. Tieger, C. Tschalaer, W. Turchinetz, J. Zumbro, R. Alarcon, J.
Comfort, J. Gorgen, D. Martinez, M. Epstein, D. Margaziotis, R.A. Miskimen, S. Wood, and
D. Mack, Bull. Am. Phys. Soc. 37, 885 (1992).

5. "Electroproduction and Absorption of Nucleon Resonances in Nuclei," R.A. Miskimen, J.
Button-Shafer, L. Elouadrhiri, D. Olivieri, G.A. Peterson, K. Wang, V. Gavrilov, S.
Shuvalov, F. Dietrich, and K. Van Bibber, Bull. Am. Phys. Soc. 37, 886 (1992).

6. "Target Fragmentation in Deep Inelastic Scattering of 14.5 GeV Electrons from Nuclei," K.
Wang, J. Button-Shafer, L. Elouadrhiri, R.A. Miskimen, D. Olivieri, G.A. Peterson, V.
Gavrilov, S. Shuvalov, F. Dietrich, and K. Van Bibber, Bull. Am. Phys. Soc. 37, 886
(1992).
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V. An Incomplete List of Nuclear Physics Seminars and Colloquia
Given at the University of Massachusetts at Amherst from June 1,
1991 to May 31, 1992

September 19: Professor Richard Kofler, University of Massachusetts, "High Energy Cosmic Ray
Photons"

September 19: Dr. Sergey Shuvalov, ITEP, Moscow, Russia, "A Proposal for the Measurement of
Nuclear Structure Functions at XBj > 1"

September 26: Dr. Kebin Wang, University of Massachusetts, "Measuring Pion Polarizability with
Tagged Photon Scattering"

October 2: Professor Rory Miskimen, University of Massachusetts, "Probing the Nuclear Force
and the Nucleus at Short Range"

October 3: Professor John Donoghue, University of Massachusetts, "Testing the Higgs Sector"

October 10: Dr. Shoba Veeraraghaven, University of Massachusetts," Cosmological Implications
of a 17-keV Neutrino"

October 10: Dr. Sergey Shuvalov, ITEP-Moscow, Russia, "Deep Inelastic Nuclear Reactions:
What New Can We Learnfrom e-NucleusInteractions?"

October 31: Professor Edward Hartouni, University of Massachusetts, "Experimental prospects
for the '90's"

October 31: Professor Howard W. Nicholson, Mount Holyoke College, "Double Beta Decay:
Experimental Results"

November 7: Dr. Latifa Elouadrhiri, University of Massachusetts, "Experimental Study of Pion
Electroproduction Near Threshold"

November 21: Kyong Sei Lee, University of Massachusetts, "A Measurement of the Threshold
Electrodisintegration of the Deuteron" (A Ph.D. Dissertation Proposal)

December 5: Steve Churchwell, University of Massachusetts, "Elastic Magnetic Electron
Scattering from 3He at High Momentum Transfers"

December 9: Professor Francis Pichanick, University of Massachusetts, "Recent Re-evaluations of
the Biological Effects of Ionizing Radiation"

December 12: Professor Michael Kreisler, University of Massachusetts, "HEP Politics: The Mass of
the Neutrino, et al."

February 3: Professor Moshe Gai, Yale University, "Astrophysics: What's SNU? (Secondary
Beams for Nuclear Astrophysics"

February 10: Dr. Pat Walsh, Massachusetts Institute of Technology, "Electroproduction of the _o
Near Threshold"

February 12: Professor Helmut Vogel, Carnegie Mellon University, "The Beginnings of High
Statistics Z0 Physics"

February 13: Professor John Donoghue, University of Massachusetts, "Heavy Quark Physics - An
Update"
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February 18: Dr. Cecile Martin, Orsay, "J/_ Production with 20 GeV Electrons"

February 20: Professor Monroe Rabin, University of Massachusetts, "A Full Acceptance Detector
for SSC?"

February 24: ProfessorE. Hadjimichael, Fairfield University, "Electromagnetic Form Factors of A=3
Systems"

February 26: Dr. Frank Close, Rutherford Lab, "Cold Fusion: Too Hot to Handle"

March 4: Dr. Roger W. Howell, University of Medicine & Dentistry of New Jersey,
"Radionuclides in Medicine: Risks and Benefits"

March9: Dr. Alan Thompson, Harvard University, "The Quest for the Neutron Electric Form
Factor in Polarized 3He"

March 23: Christopher J. Arabadjis, University of Massachusetts, "The (e,e'p) Reaction as a
Probe of Nuclear Wave Functions"

March 30: Dr. Pierre Bertin, Clermont-Ferrand, France, "Status of the European Electron
Accelerator Project"

April 2: Professor Victor L. Elias, University of Western Ontario, "Quark Condensates"

Ap,ilO_ Professor Leonid Frankfurt, Michigan State University, "Color Coherence
Phenomena"

April 7: Professor Daniel Wyler, University of Zurich, "Exclusive B-Meson Decay"

April 9: Dr. Latifa Elouadrhiri, University of Massachusetts, "Results from the Analysis of
Beam-Gas Events from the TPC at SLAC"

April 13: Professor Rory Miskimen and Dr. Kebin Wang, University of Massachusetts, "Pre-
presentations for the Washington APS Meeting"

April 16: Professor Arthur Swift, University of Massachusetts, "Technicolor and Moose
Diagrams"

April 21: Professor Janos Polonyl, Massachusetts Institute of Technology, "The QCD
Vacuum and Localization"

April 23: Antonio Perez, University of Massachusetts, "_'/¢Measurements at the (t) Factory"

April 27; Professor Nimai Mukhopadhyay, Rensselaer Polytechnic Institute, "Baryon
Resonances?"

April 30: Professor Michael Kreisler, University of Massachusetts, "Can High Energy Physics
See Final-State Coulomb interactions?"

May 5: Professor Sangib Mishra, Harvard University, "New Results from the CCFR Fermilab
Neutrino Experiment and Future Directions"

May6: Professor David Rowe, University of Toronto, "Art, Symmetry and Nuclear Physics"

May 21: Dr. Helene Fonvieille, University of Clermont-Ferrand, France, "Status of SLAC
Experiment E-142 and the Spin Structure Function of the Neutron"

4"1

-I



VI. Comments on Scientific Personnel

A. Postdoctoral Research Associates

Dr. Kebin Wang was a postdoctoral research associate at Stanford University before

joining our group in mid-December of 1989. He obtained his Ph.D. degree under the direction

of Professor Stanley Hanna at Stanford and continued to do postdoctoral work in Professor

Hanna's group. He fills the position vacated by Dr. Sayed Rokni, who is now on the SLAC

staff. He is heavily involved in the analysis of the SLAC TPC data.

Dr, L_tifa Elouadrhiri joined our group as a postdoctoral research associate on August

20, 1991. She carried out her Ph.D. work at the University of Clermont-Ferrand in France

under the direction of Professor Pierre Bertin. Twelve people from his group participated in the

now-defunct PEGASYS collaboration at SLAC. Dr. Elouadrhiri's thesis topic involved the

difficult measurement at Saclay of electroproduction of positive pions from the proton at

threshold. This subject is closely related to experimental tests of chiral symmetry, as suggested

by UMass Professor Holstein. We are considering a related experiment for CEBAF, the

measurement of the pion's polarizability, perhaps using the CLAS detector. Dr. Elouadrhiri's

experience is useful in this endeavor as well as other aspects of our program. She is also heavily

involved in the analysis of the SLAC TPC data.

B. Faculty

Prgf_ssor Jghn Dubach has served as Acting Director of the University Computing

Services (UCS) since September of 1989, and will continue in that position through December of

1992. This is a half-time position with funding for the UCS portion coming from the Provost's

Office. Because of the hiring freeze mentioned in Part VII, an external candidate could not be

hired. Dubach was well-qualified for the position by virtue of his experience using computers to

make very large scale theoretical physics calculations. Besides being Acting Director of UCS,

and working on his research problems, he also continues to carry a full teaching load, and to act
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in an associate editorial capacity for Physical Review Letters. Dubach was promoted to full

professor in the spring of 1991.

Professor Ross Hicks spent the spring semester and will spend the summer of 1992 at

NIKHEF in Amsterdam. He was promoted this spring to full professor. He will continue to

work on the UMass-NIKHEF-Lund related projects outlined in Part II.D, as well as other

projects.

Associate Professor Rory Mi_kimen's tenure case was acted upon in the fall of 1991.

Just a few days ago the board of trustees approved his grant of tenure, and his promotion to

associate professor. He is playing a major role in the design of electronics for the innermost drift

chamber of CEBAF's CLAS detector and in the SLAC TPC beam-gas event analysis with the

Soviet physicists, as described in Parts IIC. and II.B., respectively.

C, Graduate Students

Kyong S_i Lee is a Korean working on completing the analysis and writing his thesis on

the Bates high-resolution experiment on the threshold-breakup of the deuteron. He will also be

involved in the PEP beam-gas event analysis, as described in Part II.B.

Steve Churchwell joined our group at the beginning of the summer of 1989, and worked

at SLAC on developing a prototype drift chamber for PEGASYS. He passed the qualifying

examination in January of 1990. He is deeply involved in the design of the 3He target system for

the approved Bates experiment on 3He elastic magnetic scattering.

Geoffrey Feldman was a graduate student in theoretical nuclear physics. He finished his

research work on non-leptonic weak interactions in the delta and hypernuclear sectors under

Professors Barry Holstein and John Dubach, he wrote his thesis and graduated in January of

1992. He stayed on with our group for the spring semester and at this time has not yet secured a

job in physics.
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Chris Arabadiis is a graduate student in theoretical nuclear physics. He has passed the

qualifying examination, and is working on the theory of the (e,e'p) reaction. We expect him to

finish his thesis by January of 1993.

, _oseph Gallant is a graduate student in theoretical physics who is working on the problem

of core polarization in the shell model. He manages our computer facilities and is supported by

University funds until January of 1993, except for summers when he is supported by the grant.

Mr. Gallant has passed the qualifying examination.

D_vid Olivi_ri joined our group in the summer of 1991. He is working on the electronics

for the innermost drift chamber of the CLAS detector. He will work on PEP beam-gas event

analysis as a thesis topic. Although he has passed the Ph.D. qualifying exam, he still must

satisfy a one-semester teaching requirement to be completely qualified.

Xiaodong Jiang, from Beijing, China, joined our group in the summer of 1991. He has

passed the qualifying examination and has had experience at Fermilab. He is working on the

Bates 3He experiment and will study the threshold breakup region for which data will be

acquired simultaneously with the elastic data.

Th0m_ Hemmert is a foreign student from Germany who joined our group in January of

1992. He was supported in the spring term by a teaching assistantship and during summer by a

research assistantship. He has passed his qualifying examinations and probably will work in

nuclear theory.

Ali of our graduate students have attended the Hampton University Graduate Summer

SchoolatCEBAF. ,. (_){L'_):i_":_r_ ( :!_:/i;_k_lc{:'_ "
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