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1. Introduction 

The eletromagnetic probe is used to address some of the forefront questions 
in nuclear physics. Two questions are of special interest in this project, one is 
related to the electromagnetic properties of the nucleon in the nuclear medium, the 
other concerns the transition between nucleons-mesons and quarks-gluons degrees 
of freedom when describing nuclei at medium energies. 

The electromagnetic properties of free protons have been extensively studied 
and are used as basic input to describe any of the electric or magnetic properties 
of nuclei. However, inclusive and semi-exclusive experiments measurements in the 
quasielastic and the deep inelastic region seem to indicate that the properties of 
bound nucleons are modified significantly in the nuclear medium. It is therefore of 
first importance to understand how the free properties of nucleons are modified in 
order to have a realistic description of nuclei. It was suggested, for example, that 
nucleons are swollen in nuclei. The physical consequences of such an idea are of 
great impact on the description of nuclei. 

The nature of degrees of freedom needed to describe nuclei in the most em- 

nomical and efficient maner is of special interest to the nuclear physics community. 
It is clear that the ultimate degrees of freedom relevant for the strong interac- 
tions are quarks and gluons and QCD is the theory that starts from these degrees 
of to explain nuclei. The test of QCD has been performed in many experiments 
in the perturbative regime where the running coupling constant is s m d  and we- 

here physical processes are therefore calculable. In fact, it is widely accepted that 
perturbative QCD describe properly the physical quantities of interest. From the 
theoretical stand point it is very difficult to perform QCD calculations for the non 
perturbative regime. Unfortunatly for most of nuclear physics those calculations 
have to be carried in the low energy regime. Up to now, nucleons and mesons 
degrees of fieedom have been used to describe most of our knowledge in nuclear 
physics with remarkable succes. However there is a growing interest in studying 
the transition region where one hope to see the sign of quark degrees of fieedom 
emerging. It is the study of QCD in nuclei from low to high energies that is of 
interest for the nuclear physics community. Some of the experiments proposed in 
this project explore a small window in this study. 
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We have performed two experiments at SLAC using the Nuclear Physics In- 
jector. One will allow the separation of the transverse and longitudinal response 
functions of 3 H e ,  4 H e ,  27AZ and " F e  to electron scattering at  Q2 = l(GeV/c)2. 
The other measured the photodisintegration of deuterium at large photon energies 
(.8 to 1.6 GeV), looking at deviation from the standard calculations including nu- 
cleons, mesons exchange currents and resonance components. The sensitivity of 
the reaction mechanism to quark degrees of freedom is also tested. 

We have also extended to a larger kinematical range two experiments performed 
a6 the Saclay linear Accelerator center. On one hand the study of the nucleon mo- 
mentum distribution of 4 H e ( e ,  e') is to be extracted from both the transverse and 
longitudinal exclusive response functions in the quasielastic region. A compari- 
son of these two response functions as a function of Q2 up to .8 (GeV/c)' will 
provide information on the density effect of the modification of the free nucleon 
properties in nuclear medium. On the other hand the separation of the transverse 
and longitudinal separation of the exclusive response functions in the region of 
the three-body break up of 3 H e  is performed aiming to study the proton-proton 
correlation in a direct way through 3 H e ( e ,  e'p)pn reaction. A serious progress has 
been achieved in performing "complete" theoretical calculations on 3He that would 
allow to understand the proton-proton correlation in 3He.  

11. Progress Report 

11.1. Experiments at SLAC. 

1I.l.a High Q2 Transverse Longitudinal Quasielastic Scattering. 

The analysis of the experiment known as NE9 at the nuclear physics program 
at SLAC is h o s t  completed. Preliminary results exist at this stage, and a thor- 
ough comparison between the analysis carried at the University of Virginia and at 
that of Stanford University is performed determining the final results. The main 
difficulties in this experiment are related to the determination of the absolute cross 
sections measured at backward and small scattered electron energies. The back- 
ground from unknown origins has been the main concern in our careful study. The 
third pass of the analysis is underway and should be over before spring. 

Figure 1. shows some of the preliminary results. Inclusive cross sections on 
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56Fe at forward and backward angles. Radiative corrections wil l  be applied and 
transverse and bngitudind response functions are to be extracted from those cross 
sections. These d8ta were presented at the Asilomar meeting of the American 
Physical Society meeting at Asilomar, October 11, 1989. and through an invited 
talk at The Electromagnetic Probe Workshop at the date and location. 

We are invited to present the results of “Fe at the American Physical Society 
at the Washington Meeting in a plenary session. We are also invited to present 
the results on all nuclei at  the Gordon Conference in the month of August of this 
year. 

II.1.b Two body Photodisintegration of deuterium between .6 and 1.8 
GeV 

After a successful run of the experiment known as NE-8 and data analysis inter- 
esting results due to this experiment are debated in the nuclear physics community. 
The early experimental data on the Merentid cross section of photodisintegra- 
tion at 8,, = 90° up to 800 MeV photon energy are well described by a traditional 
calculations including meson exchange currents, the A resonance contribution and 
final state interactions. However the new measured data up to 1.6 GeV photon 
energies disagree significantly with those same calculations. In the energy range 
between 0.8 and 1.8 GeV the data appear to obey a simple scaling law predicted by 
the constituent-rules assuming parton degrees of freedom for the deuterium and 
nucleons. The question of what degrees of freedom are relevant to describe nu- 
clei, in an economical way and with predicting power, is far to be settled between 
the two schools of thoughts. One school deals with nucleon and meson degrees of 
freedom and the other school uses quarks as the basic constituents to describe all 

phenomena in nuclear physics. Deuterium is the simplest nuclear system one can 
imagine and it is of paramount importance to interpret the data properly since the 
physics consequences will change our view of the description approach one might 
have of the nuclear system in the intermediate energy regime. There are more 
experiments proposed on this simple nucleus to study those issues. This work has 
been published in the following reference; 3. Napolitano et al. Phys. Rev. Lett. 
61(1988)2530. A regular paper is under preparation for submission to Phys. Rev. 
C. A new proposal to extend this experiment to higher energies and using the 8 
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GeV spectrometer with a modified detector package to identify protons has been 
submitted to the NPAS program at SLAC. 

11.2 Experiments at Saclay. 

11.2.a Transverse and Longitudinal Exclusive Response hnctions of 
3He and 4He 

The extension to  higher momentum transfers of the transverse and longitudinal 
exclusive response functions of the reaction He( e ,  e ' ~ ) ~  H in the quasielastic region 
was carried out in June 1990 during three weeks. The longitudinal over transverse 
ratio , performed on the two-body break-up part of the response, dows  to study 
the electromagnetic current of the proton in 4He .  In other words the aim of the 
experiment is not to concentrate on the nuclear wave function of the nucleus but 
rather extract the electromagnetic properties of the proton in the nucleus. The 
* H e  nucleus was chosen because of the reasonably sophisticated calculations that 
exist to describe it. It has been found, after all known nuclear effect corrections, 
that the ratio of the electric to magnetic form factor of the proton in the nucleus 
is different by almost 20% when compared to the free proton ratio. These data 
do not cornfirm or rule out a momentum transfer dependence of this ratio leaving 
open the question of how much swollen the nucleon is in the nucleus. However 
it confirms for a light and calculable nucleus the quenching observed in heavier 
nuclei. It is worth noticing that a similar effect was observed indirectly on heavy 
nuclei through a sum rule analysis of inclusive experiments, however, in that case 
the theoretical models to describe those nuclei are , in the contrary of ' H e ,  less 
reliable. It is also important to point out that protons in 3He do not display such 
effect. Experiments are underway to improve the precision of the data in order to 
have a better assessment of the momentum transfer dependence. More theoretical 
calculations are underway to interpret the observed ratio. The first results of the 
experiment have been published in the follovping reference A. Magnon et al., Phys. 
Lett. B222 (19891352 

The experiment to study proton-proton correlations in nuclei was performed 
at the same time in june 1990. We hope to separate the contribution of pp pairs 
from that of np pairs in the exclusive response function of the three-body break- 
up of 3 H e  by separating of the transverse and longitudinal parts of the response 
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*tinction. The analysis of this experiment is underway and the results are expected 
this year. This experiment will be crucial as a first step towards understanding the 
nucleon-nucleon interaction in nuclei. A proposal of an extension of this experiment 
is being prepared for the Bates linear acceleractor. 

111. Contributions to Future Projects (CEBAF) 

We are are part of the Hall A collaboration at CEBAF, taking the responsibility 
of building the electron beam polarimeter for the polarized beam sent to  Hall A, 
Two techniques of polarimetry are possible they are called Compton or Moller 
polarimetry referring to the scattering used (real photons or electrons) in measuring 
the polarization of the electron beam. We have been looking at these two techniques 
and found them very complementary and both are to be used at CEBAF because 
of the dynamical range of the current and energies of the CEBAF beam. We have 
been contributing to the design report of Hall A describing the beam line. Our 
committment to CEBAF is strong since we beleive that this facility will play a 

crucial role in understanding nuclear systems using the electromagnetic probe. 

As part of the HERMES collaboration that will measure the spin structure 
functions of the nucleon at HERA we have been studying the design of a iongitu- 
dinal beam polarimeter for the experiment. Our goal is to bring our experience 
in bulding this polarimeter to develop the beam polarimetry at CEBAF. I should 
point out that the measurement of polarization at CEBAF is more dificult because 
of the range of energies of backscattered photons we will be detecting. 

IV. Plan for research in 90-91 

Our first priority in 1990 is to complete the analysis of NE9 and publish most 
of the important results on all nuclei. We expect to have two letters before the end 
of this year. We will be preparing a long paper later to describe the full experiment 
with its physics conequences. 

Beam time has been approved for this next spring to extend the 'He(e,e'~)~H 
experiment at Saclay. The transverse and longitudinal separation of the exclusive 
response functions in the three body break up region will be extended to higher 
momentum transfers. The longitudind response will be directly sensitive to the 
proton-proton correlation at these transfers. 
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A proposal for measuring Double Charge Pion Exchange on the Calcium iso- 
topes has been presented to the PAC at Los Alamos and beam time will be available 
this next summer to perform the experiment. 

We will start designing the electron beam polarimeter for the Hall A at CEBAF. 
More work will be directed in defining the physics and detectors of Hd A in order 
to have the best program of physics and the right tools to perform it. With the 
agreement of the CEBAF management we wil l  put a proposal to the Department of 
Energy for Research and Development to build the polarimeter this next summer. 

The final version of the proposal for the measurement of the spin structure func- 
tions of the proton and the neutron has been submitted to the HERA managment. 
Stanford contribution will be the measurement of the longitudinal polarization of 
the beam after the spin rotators in the west Hall at HERA. More work is needed 
to define the detectors for this measurement. After the next PAC at HERA this 
spring, we will know how to procede with respect to putting the proposal through 
DOE for review. 

V. Budget 90-91 

The proposed budget for this year is covering two months summer salary of the 
principal investigator, a year salary of a graduate student and 15% contribution to 
the salary of a secretary. We are also asking funds to cover part of the expenses 
for a collaboration visit of Dr. J. M. Laget from Saclay for one week this next 
summer. 

We will be working on the development of the electron beam polarimeter at 
CEBAF and machine shop labor wil l  be needed. The capital equipment and the 
travel part of the budget are described separately. 

V.l Capital equipment description 

The two items listed in the capital equipment are respectively a time digital 
converter electronic module and a disk subsystem for data storage. As it will 
be explicitely stated in our next proposal to DOE, we are providing part of the 
technical support for building the electron beam polarimeter at CEBAF. This is 
a very crucial instrument of the Hall A beam line for all experiments that require 
the polarized electron beam. The Electronic module we are asking for wil l  be used 

8 



for research and developement that we are undertaking for building the electron 
beam polarimeter. The disk subsystem is used as a dedicated media for running 
simulations on the polarimeter. We are studying al l  possible backgrounds in the 
interaction region between the laser beam and the electron beam. The program 
used for these simulations is GEANT which is very large and takes a significant 
amount of disk space. The subsystem we are asking for will allow us to run and 
store the information in a efficient manner. 

Lecroy 2228A Octal 11 bit TDC w/ NIM inputs $1955 

Eakins EAE21 Disk subsystem $1294 

Total $3249 
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V.l  Travel 

The travel budget in the U. S. will cover expenses for the collaboration meet- 
ings at CEBAF Newport News and Charlottesville Virginia and performing an 
experiment at  Los Alamos 

The foreign travel budget include expenses for Saclay to perform the contin- 
uation of ' H e ( e ,  e'p) experiment and to HERA in Germany for the collaboration 
meetings to measure the spin structure functions of the proton and neutron. 

Domestic travel 

five trips to Virginia 

one trip to Los Alamos 

Total 

$3500 

8 500 

$4000 

Foreign travel 

Two trips to Saclay, France 

One trip to Hamburg, Germany 

Total 

$3200 

$1500 

$4700 
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