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L INTRODUCTION

Since the last meeting in this conference series in Paris in 1981, there has been major
progress in electron scattering at SLAC on several front!. A new experiment on e elas-
tic scattering at large momentum transfer, Experiment EI36, has recently completed data
taking. A new measurement of deep inelastic electron scattering from nuclear brgets, Ex-
periment EI39, has been completed and preliminary results are available. A new program of
.experiments has begun, called Nuclear Physics at SLAC (NPAS), that will use a new injector

on the SLAC linac to provide high intensity beams in the energy range from 0.5 to 6 GeV.
2. @ ELASTICSCATTERING ATLARGE MOMENTUM TRANSFER

Elastic electron scattering from the proton is one of the basic reactions for learning about
the structure of the proton, and therefore eventually about all hadronic matter. Prior to
Experiment E136*, ep elastic measurements from many laboratories over the yea.rs extended
from qz near zero up to a maximum Q? = 334 (GeV/c)Zo The theoretical motivation
has evolved with time from the first discovery that the proton was not a point particle to
the eventual comparison of the electromagnetic form factor data with various models fea-
turing a nucleon core with a meson cloud, and including the meson content of the virtual
photon. After the discovery of the quark substructure of nucleons in deep inelastic scat-
tering, the proton was imagined to be made of three poinrnke valence quarks surrounded
by a cloud of qua.rk-antiquark pairs. The fractionally charged quarks were found to carry
only about half of the momentum of the nucleon, but they carry all the electromagnetic
charge and current, and electron scattering probes the distribution of quarks in the target.
The cross section for elastic electron scattering at momentum transfer Q? is proportional to
the probability for tr:\nsforming a distribution of quark momenta at f'. in the initial state

to P, + g leaving the nucleon bound in the final state. In the early stages of the quark model a
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series of scaling laws? for exclusive scattering processes were developed based on dimensional

counting and the scale invariance of the quark-quark interaction at short distance. At large
Q? the contribution to e elastic from scattering on the cloud of quark-antiquark pairs is
predicted to fall away faster than the contribution from scattering on the valence quarks,
and the proton form factor is predicted to decrease with increasing Q2 like Gy, ~~1/Q".
The previous data, shown in Figure 1, are consistent with a nearly constant value for Q'G,, ,
for Q2 greater than 10 (GeV/c)?, although the precision of the data above 10 (GeV/c)2 is

not good enough to rule out a substantial deviation from 1/Q' behavior.
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Fig. 1. Previous world data for the proton
magnetic fonn factor GM, multiplied by Q'

and plotied versus Q2+ The curves are per-

turbative QCD predictions from Ref. 4.

In recent years the theory of hadronic matter in terms of colored quarks and gluons has
progressed to the point where explicit calculations of the meson and nucleon form factors
in periurba.tive QCD are now poesible®+ Elastic e scattering at large Q? can be viewed
& electron-quark scattering accompanied by two hard quark-quark scatterings. The proton

form factor is predicted' to be

Gurp = a'(Q )¢(Q2 )

The 1/Q' dependence comes from the propagators of the ¢ o gluons connecting the three
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valence quarks together, and the two powelll of the strong coupling constant a,(Q2) come
from the quark-gluon vertices. The factor €)Q?) contains the dependence on the initial and
final state proton wawve functions.

A measurement of e elastic scattering with good precision over a range of large mo-
mentum transfer could be viewed, when compared with the perlurbative QCD calculations,
as first checking to see that q'GMl1 is nearly constant above some @ That would sup-
port the assumption that only the minimal hard scattering on the valence quarks survives
a large QZ There may be some slow, logarithmic in Q2, deviation from 1/Q' shape that
cuses Gy , to fall faster than 1/Q* due to the change in the strong coupling constant with
@ The amount of this deviation from perfect 1/Q* behavior would depend on the size of
the QCD scale parameter A, aD, with a larger value of A, aD giving a larger deviation. If
Q7Gy , were found to rise & large Q2, a hinted by the previous data, that would be in
stark contradiction to the pertabative QCD predictions. Shown in Figure 1 are a series of
curves from the perterbative QCD calculations by Brodsky and Lepage' for several values
of AqcDe

Recently Isgur and Llewellyn-Smith® have criticized the interpretation of high Q2 e
elastic data in terms of the hard scattering process. They suggest that the proton form factor
will get large contributions from soft processes out to very large @@ Whatever the outcome
of this theoretical debate, measurement of the proton form factor at large momentum transfer
will provide constraints on the range of ideas about the internal proton structure.

The primary motivation for Experiment EI36 was to measure e elastic scattering with
substantially better precision than previous experiments over a large range in g2 to measure
the slope of Q'GM, above Q? = 10 (GeV/c)? eThe data extend from q2 = 5 (GeV/c)2, where
the overall error in the cross section is approximately 3%, out to q2 = 315 (Gel/'/)2 where
the statistical error dominates and is +20%. Data taking was completed in May 1984, and

analysis is in progress.
3. DEEP INELASTIC SCATTERING FROM NUCLEI

Following the now famous discovery® by the EM C collaboratiou, subsequently verified® in
archival SLAC data, of a difference between deep inelastic scattering on iron and deuterium,
it became clear that more measurements of this effed were needed, and that the facilities
a SLAC were ideal for this purpose. The 8 Gel/c spectro@eter with its detectol'll and
electronics were set up and operating for EI36. All that was needed was a different target.
Therefore the EI36 collaboration elected to interrupt that experiment and quickly proposed
and ran SLAC Experiment EI39', a measurement of the A dependence of deep inelastic
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scattering (DIS). The preliminary results are published ® and will only be briefly reviewed
here.

The aim of this short experiment was to measure the A dependence of the cross section
ratio <7444 for DIS over a range of kinematics 0.1 5 z 5 09 and 25 <? 5 B (GeVic)’
readily accessible using the SLAC beam energy Ei 5 245 GeV and the 8 GeV/ c spectrometer.
A primary goal was to look for the A dependence versus z at Q2 = 5 (GeV/c) 2, which is
safely in the deep inelastic scaling region. In addition we wanted to measure at z —0.6 where
the nuclear effect is large over a range in <J? to look for any possible deviation from scaling.
Finally measurements were made at several values of fixed z and Q2 but at various scattering
angles to look for a possible variation with A in the ratio of longitudinal to transverse cross
sections R = uLfuT.

The targets chosen were readily available materials of natural isotopic abundance span-
ning the A range from 'He to Y Au. Since the size of the effect was expected to be only a
few percent in the ratio <&<7 while the individual cross sections vary over several orders of
maghnitude, special efforts were made to keep the systematic emors in the ratio small. The
overall systematic uncertainty for most kinematic points is estimated to be in the range 1%

to 2% in the ratio u ;/<7J

An overview of the data, obtained in approximately 80 hours of beam time, i displayed
in Figure 2 The results showed no significant variation with Q? in the range Q2 =2to 1
(GeV/c) 2, & indicated in part (a) of Figure 2, which supports the idea that the scattering
takes place incoherently on individual pointlike quarks. The ratio u <77 is not constant for
any nucleus. It is less than one for z > 0.3: and the deviation from unity increases with
nuclear size. In contrast to the EMC data\ our data for uA/u,1 does not extend much above

one for z < 0.3.

The observed difference in cross section per nucleon for nuclear targets indicates that
the quark momentum distributions are distorted for nucleons embedded in nuclei. The shift
in u;fu1 to values below one for z > 0.3, where the contribution from scattering on ocean
quarks i negligible, indicates a shift of momentum away from the valence quarks in that z
region in nuclei. The magnitude of this shift increases smoothly with increased nuclear size,
roughly proportional to the log of A, & shown in Figure 3.

Precisely where the valence quark momentum is shifted remains a subject of intense
theoretical investij,tion and debate 2. The suggestions are that it goes to the glue, to
excess ocean quark pairs, to valence quarks at low z and to valence quarks in the kinemat-
ically forbidden region for free nucleons at z > 1. It is likely that all these mechanisms play a
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Fig. 2 (a). EI39 resulb for <TF,/<T) as a function of z for various values of Q? as
well as higher energy muon data. from Refs. 6 and 11. (b)e(i) ul/<T) averaged over
Q2 as a function of x for various nuclei, as well as electron data. from Refs. 7 and
10. The error bars are statistical only.

|.|! T T T T T TTTTT T 1]
t , =0.30 © ]
N AR D
b r VAL
[ cA-000367
09 [ S S —
I . ' T Fig. 3. EI39 results for Q?-averaged rae
£ x=0.62 ® 1 tios u,../u, versus A at fixed x. (a)2: = 0.3,
11} (b) x = 0.62. The solid line is a fit of the
\ j form u,../ud = cA®e The errors shown are
T A 1 statistical only.
g 09 C \ .
Jf CA—O.oazse/ j
0.8 1—
I A RN | 1 Lo ovl
2 0 20 100 200

e NUCLEAR WEIGHT A



30c R. G Arnold/ Electron scattering at SLAC

role to some degree. Untangling this puzzle will take time, and progress would be aided by
additional data. In particular it is essentiaj to understand the source of the disagreement
between the electron experiments and the EMC experiment for:,;< 0.3. One suggestion for
the difference is that nonec.aling is observed, because the EMC data is predominantly at <2
above 10 (GeV/c)? while the electron data at » < 0.3 are only in the range (7 = 1to 5
(GeV/[c)?- Another suggestion is that R = "L/"T varies wah A. Figure 4 shows the raulta
lor R versus A from the very limited data sample from EI39. Since it is conceivable that R
might vary with ; as well as A, consider only the points at 3 :0 0.5 in Figure 4. They show a
slight trend to increase with A, but the data are also consistent within errors with a constant
value independent of A and consistent with the average value from previous experiments on

deuterium.

Another way to examine the data on R, which avoids some of the systematic uncertain-
ties in an absolute measurement, is to look at the ratio "A/t1,1 versus the virtual photon
polarization paramater i:, as in Figure 5. If R is independent of A the ratio t1IA/t1 at a given
3 and Q? would be constant versus 1. The sloped lines in Figure 5 were obiained by fimng
straight lines to the s.ix data points at Q% = 5 {GeV/c)? and z = 0.3, 0.5, and 0.7, using the
same slope versus E ai all ;. The data for the other Q2 values not used in the 6t are then
plotted _for comparison. While the better agreement of all the data with the eloped lines is
suggestive (x? = 16 for 1 degrees of freedom for the eloped lines vereue x? = 35 for sero
slope), the limited range and precision of this data cannot be taken as proof of variation of
R with nuclear size. It is, however, amusing to notice the effect such a variation has upon
the extraction of the deep inelastic structure functions F2 at £ = 1from the E139 data, as
shown in Fi,, re 6. Note that the EMC data is measured close to ( = | and thus extraction
of I2 from their cross sections is not very sensitive to uncertainty in R The improvement in
agreement with the EMC data. at low z is significant, although the systematic uncertainties

on the E139 data are large due to the extrapolation to ( = 1

The main conclusion to be drawn from these observations is that there ia a substantial
sensitivity at low ; to a possible variation of R with A. n remains a mystery why R should
vary with nuclear size. More measurements of"A/"" in the region below ; = 0.3 are needed
to sort out any possible Q> dependence. Also more extensive and accurate measurements of
R versus A are needed to see if the preaent hint of A dependence is real.
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Fig. 5. EI39 results for <IF,/u4 at various:,; and Q2 values versus the virtual photon
polarization parameter f, The error bars are statistical only. Also shown are data
from a Cu target from Ref. 10.
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Fig. 6 EI39 results for the ratio of deep in- i 4 %i?
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4. A NEW PROGRAM OF NUCLEAR PHYSICS AT SLAC

A new program of experiments, called Nuclear Physics at -SLAC (NPAS) has recently
been approved and funded and is now underway. This program is based upon a new high
intensity electron beam to be produced by a new injector, called the Nuclear Physics Injector
(NPI), under construction at a point 20% from the downstream end of the SLAC linac'3.
The NPI will produce electron beams in the energy range 0.5 to 6 Gel with intensity larger
by factors of 10 to 9 than presently available from the full SLAC linac in that energy range.

The NPI is expected to deliver usable electron beams into End Station A in late 1984.
The NPAS program is a national facility open for competitive proposals from all qualified
experimenters. The SLAC Associate Director for the Research Division, R. Taylor, acts
& program Director, and R. Arnold, American University, seives @ program Coordinator.
Physics program decisions are made by the Associate Director, upon the advice of the Nuclear
Program Advisory Committee (NPAC), chaired by E. Vogt, TRIUMF.

At its first meeting in May 1984 the NPAC recommended approval of four experiments.
Experiment NE3, proposed by a collaboration from the University of Virginia and Basel
Switzerland, will measure inclusive electron scattering in the 8 Gel’/c spectrometer from
a number of nuclei in the kinemaUc region z 2 1. Experiment NE4, proposed by a col-
laboration from The American -University, Universitat Bonn, University of Massachusetts,
and SLAC, will measure elastic and inelastic electron scattering from deuterium at large
momentum transfer and scattering angles around 180 degrees. A special 180 degree dou-
ble am spectrometer will be constructed in End Station A. The two experiments NEI and
NE5, proposed by collaborations from Argonne, University of Virginia, and Florida State
University, will measure inelastic electron scattering from nuclei at Q% below 1(GeV/c)? in
the region of excitation of the delta nucleon resonance using the 16 Gel’/ c and the 8 Gel/c
spectrometers.
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For the future!® at SLAC, there now exist in various stages of discussion and planning

several ideas for new experiments. A proposal is in preparation by an American Univ.-Univ.

of Rochester collaboration to measure R = <If/KTT in the deep inelastic region on the proton,

deuteron, and selected heavier nuclei. Work has recently begun by an American Univ.-MIT

collaboration on plans to secure approval for a tritium target at SLAC for measurements

of the elastic 3H form factors and a comparison of deep inelastic scattering from 3H 4nd

3He.

Space has been reserved for a polarized electron source in the NPI, and someday

experiments to measure neutron and deuteron electromagnetic form factors using the spin

transfer method © and measurements of electro-weak interference may be possible.
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