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Significant differences in the inelastic struc-
ture functions of Fe, Al, and deuterium nuclei have
recently been observed in muon' and electron? scatter-
ing experiments. This has been interpreted as a distor-
tion of the quark momentum distributions im bound nu-
To study the A-dependence of this effect, we
have measured differential cross sections for the in-

elastic scattering of electrons from deuterium, He, Be,

cleons.

C, Al, Ca, Fe, Ag, and Au over a large kinematic range
(x values between 0.09 and 0.9 and Q? values of 2,5,10,
and 15 (GeV/c)?). The Stanford Linear Accelerator Cen-
ter (SLAC) provided electrons with incident energies
(E) ranging from 8 to 2k.5 GeV. The SLAC 8-GeV/c spec-
trometer was used at 23 settings to detect electrons
with energies (E') from 3.1 to 8.4 GeV scattered at an-
gles (8) between 11° and 23°.

The measured cross sections were radiatively cor-
rected using the method of Mo and Tsai’ in a manner
similar to that described in Stein et al.“ The 2-
dependent correction for the nuclear Coulomb field was
not applﬁed, but has been calculated® to be less than
1.5% for Au over our kinematic range.

The cross sections were adjusted to compensate for
neutron excess, such that ¢, represents the cross sec-
tion per nucleon of a hypothetical nucleus with an equal
number (A/2) of protons and neutrons. Using the approx-
imation op = op(1-0.8x), corrections as largeas 10% for

Au were obtained at x = 0.8,

The deuterium cross sections extracted from the
data are in excellent agreement (:2%) with a fitto pre-
vious data® in the same kinematic region. Systematic
uncertainties (4) in the ratios 0,/04 due to radiative
corrections (+0.6%), sepctrometer acceptance (:0.3%),
electronics dead time ($0.3%), beam intensity monitor-
ing (£0.1%), pion backgrounds (+0.5%), neutron excess
(up to £0.7%), end pair-symmetric electron backgrounds
(up to 20.5% except 22%at x=0.09) were, when added in
quadrature, comparable to the uncertainties in the
target thicknesses, estimated to be £1.2% for deuteri-
um and *0.5% to *1.5% for the other targets.
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Within the quark-parton model, the variable x
-Q’/2Mpv is related to the momenta of the quarks in
a nucleon, where Q®=4EE' sin?(8/2), v=E—E', and L
is the proton mass. The structure functions W: and
w; per nucleon are related to the differential cross

section per nucleon by

c

2= ¢

M(wg(x,qz) + 2w’:(x,Q2)can2(e/2))
(1)

= 0,/ W5 (x,Q?) (14eR” (x,07))/ (148 (x,@2))

vhere o= a®E'2cos?(8/2)/Q" and € is the photon po-
larization. The ratio Wg/W?=(1+R)/(1+Q2/hM;x2) is de-
termined by R=0L/0T,the ratio of the cross sections
for absorption of longitudinal and transverse virtual
photons. Results’ for 0a/04 have been recently pub-
lished so this talk will concentrate on the measure-
ment of R. To extract H;/W?=¥;/Fgfrom the cross sec-
tion it necessary to measure the A dependence of R.

To study this measurements were made at Q?=5 (GeV/c)?
and x= 0.3, 0.5, and 0.7 using two different angles 8
for each x value. The resulting x-averaged values for
R are 0.11220.048 for 4, 0.127#0.174 for He, 0.19520.112
for Al, 0.299:0.079 for Fe, and 0.382:0.197 for Au. The
errors are statistical only. The resultsare consistent
with the average value for deuterium (R = 0.24x0.1)
from previous measurements® in our kinematic region.
However, as described below, in the best fit to our
data R has an A dependence that would give a large dif-
ference between oA/od and Fg/Fg. Therefore, one must
be careful to distinguish between the experimentally
measured cross sections which depend on x,Q’ and €

and the derived structure functions which depend on

x and QZ.

Figure 1 (a) shows our data for the ratio o, /o4 (taken
at Q? values of 2, 5, 10 and 15 (GeV/c)?), along with
149 While
our data alone show no significant Q? dependence,
(x2/df = 1.2 to this hypothesis) comparison with the
bigher Q? and € muon data' (A=*6%) indicate & Q* or R
dependence for x <0.3.

data from higher energy muon experiments
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Fig. 1. (a) ope/oy as & function of x for various
data from Refs. 1 and 9.
as well as electron data from Refs. 2 and 4,

Because we see no significant Q? dependence in our
data, Figs. 1(b-1) show Q?-averaged ratios for each
target in finer x bins than in Fig. 1(a). Also shown
are data from Stein et al." for Be (A = 23.2%), Al
(& = £3.2%), Cu (A = #4.2%), and Au (& = 210%) and from
Bodek et al.? for Al (A = :2.3%)andFe (& = 21.1%).
Systematic difference between our results and the ear-
lier data are within quoted systematic errors. The
data for all the targets display a similar trend.

The deviation from unity is largest for x near 0.6 and
is larger for the heavier elements.

Except for

values of Qz, as well as higher emergy muon

(b)-(1) o0/04 averaged over Q? as & function of x for various nuclei,
The errors shown are statistical only.

x > 0.8, the trend of the data is opposite to that ex-

pected from Fermi motion effects.!®’?

Inorder to make a better comparison withthe results
of other experiments taken at different kinematic con-
ditions we have plotted in Fig. 2 the ratio op./04 Vs

€ with the statistical errors. From eq. 1 opo/04~

(1+e(RFe-Rd))W’;/W‘2’ for R small. The best linear fits to

our Q2 = 5 data at x = 0.3, 0.5 and 0.7 have slopes
d(oFe/Od)dE = 0,1520.12, 0.1920.11 and 0.1120.11,
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Fig. 2. op /04 as a function of e for various values of x.
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Since R = R(x,Q?) we must be careful when averaging these
results. The average value of the slope of 0.15 gives
(Rpe-Rgq) ~0.16£0.08. In Fig. 2 are lines with slope

.15 which are separately normalized at each value of x
to best fit the data shown (x?/df = 1.2). The best hor-

izontal lines (Rp, = R,) have a x2/df = 2.5. Remember

that we have used statistical errors only and that
when systematic ergors are included, the worlds data
is consistant with no A dependence of R.

Fig. 3a & b show ng/gd and F:e 1d extracted from
our data using d(oFe/0g)/de = 0.15*0.12with the large
error indicating possible x and Q° dependence of R.
The inner error bars show the errors on the cross sec-
tion while the outer errors fold in the statistical
uncertainty of the R measurement (which are common to
all the data points).
der investigation, but are expected to be smaller than
the statistical errors. Our results for Fge/Fg are
consistant with the muon data for all values of x but

Systematic errors are still un-

with very large errors.

Figure 4 shows Q?-averaged ratios op/04 as a func-
tion of atomic weight A for two selected values of x.
The data may be equally well described by two-para-
meter fits of the form c,/04 = cA” or 0,/04 = (14bp(4)),
where ¢(A) is the average nuclear density’. The data
do not directly correlate with binding energy per nu-
cleon, which peaks around Fe, since the observedratios
continue to decrease for A above Fe.
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Fig. 3. (a) F5¢/F¢ and (b) F{e/Fi as a func-

tion of x for various values of Q4, as well
as higher energy muon data from Ref. 1. The
outer error bars include the statistical
errors in the R measurement.

Theoretical mechanisms!® for the distortions of
structure functions of bound nucleons include ideas such
as multi-quark bags, a larger confining radius for bound
nucleon bags, delta resonances in nuclei, and an en-
hancement of the abundance of pions or quark-antiquark
The predictions of a model!?
with a lIarger confining radius for the nucleon bag is
shown in Fig. L.

pairs in large nuclei.
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Fig. 4. QZ%-averaged ratios oa/04 versus A at
fixed x. (a) x = 0.3, (b) x = 0.62. The
solid line is a fit of the form oy/o4 = cA®.
The errors shown are statistical only. The
predictions of Ref. 12 are also shown.
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A.M. Szalata, The American University, Washington, DC.
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