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Abstract 

We have measured the deep inelastic electromagnetic structure functions 

of steel, deuterium and hydrogen nuclei using the high energy electron beam at 

the Stanford Linear Accelerator Center. The ratio of the structure functions 

of steel and deuterium cannot be understood simply by corrections due to Fermi 

motion effects. The data indicate that the quark momentum distributions in 

the nucleon become distorted in the nucleus. Our results are consistent with 

recent measurements with high energy muon beams. 
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The structure functions of the neutron (F;") and proton (Fzp) have 

been determined from deep-inelastic electron scattering experiments 1,2 
_ - 

using hydrogen and deuterium targets. Within the quark-parton model, these 

structure functions, at sufficiently large momentum transfers, determine the 

quark momentum distributions in the nucleon. Detailed studies of the 

atomic weight dependence of inelastic electron scattering cross sections 
2,3 

have concentrated primarily in the low x, and low Q2 region where the 

application of the quark-parton model is not valid, and where other effects 

such as nuclear shadowing 4 may be important. The atomic weight dependence 

in the large x and large Q2 region has not been studied until recently. 

Recent results5 from the European Muon Collaboration' (EMC) indicate 

that there is a significant difference between the nucleon structure functions 

extracted from data obtained from muon-steel and muon-deuterium scattering 

experiments. This difference exhibits a trend which is opposite from 

that expected from Fermi motion effects. 7 Recent bag model calculations, 8 

motivated by these recent results, suggest that the quark distributions 

in a nucleon become distorted in a nucleus via mechanisms such as six quark 

bag states. 

In t&s letter we report an observation of a significant difference 

between ,the structure functions of steel and deuterium extracted from deep 

inelastic electron scattering data taken at the Stanford Linear Accelerator 

Center (SLAC). Such a comparison is important not only as a search for 

changes in the quark structure of nucleons in nuclei as a basic physics 

question, but also because all present high statistics muon and neutrino 

high energy scattering experiments utilize heavy nuclear targets. The 

nuclear corrections 7,8 mentioned above can affect the interpretation of 

the structure function results when compared to the predictions of Quantum 

Chromodynamics (QCD) , especially when data from different target nuclei 

have been combined in such a comparison. 
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The SLAC experiment 9,lO was designed to measure deep inelastic electron 

scattering from hydrogen and deuterium at large values of x and Q2 in order 
_ - 

to extract-the proton and neutron structure functions~i' The structure 

functions were extracted using hydrogen and deuterium targets and a steel 

empty target replica. Results on the ratio of neutron and proton structure 

functions were reported' in 1974. A later comprehensive article 10 described 

the experiment in detail and examined the scaling of the neutron and proton 

structure functions in the SLAC energy range. We have recently analysed 

the empty target data in order to compare the steel and deuterium structure 

functions. We comment briefly on those points of the experiment related 

to this comparison. 

Differential cross sections for the scattering of electrons from hydrogen, 

deuterium and steel were measured with the SLAC 8-GeV spectrometer at laboratory 

scattering angles (8) of 15", 19', 26' and 34". At each angle, measurements 

were made over a range of scattered electron energy E' for several values of 

incident electron energy E between 8.7 and 20 GeV. The electron beam passed 

through 14 cm long liquid hydrogen and liquid deuterium targets with walls 

made of 0.001" thick stainless steel. II The empty target contributions were 

measured using a steel empty target replica with 0.007" thick walls, chosen 

so that the amount of radiator in the steel target replica was nearly the 

same as that for the full targets. Thus the radiative corrections for full 

and empty target data were essentially identical. 12,13 The rates measured with 

the empty target replica were divided by the ratio of the wall thicknesses (7.0) 

before subtraction from the full target rates. The measurements with hydrogen, 

deuterium and empty replica targets were interspersed to minimize systematic 

errors in the ratios. In the current analysis, we have used the data from 

the steel empty target replica to extract the structure functions for steel. 
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The data lie in the kinematic range 4 < Q2 < 21 (GeV/c) 2 and 0.25 < 

i--c 0.90, for W Z 1.8 (GeV/c)2. The mass W of the unobserved hadronic final 
_ - 

state is defined by W2 = M2 + 2MV - Q 2. , where M is the mass of the proton, 

V=E- E' is the energy transfer and Q2 = -q2 = 4 EE*sin2(8/2) is the 

invariant square of the four momentum transfer. We define the scaling 

variables x = Q2/2MV = l/U, and 5 = 2x/(1 Within the quark- 

parton model, the x (or 5) dependence of the structure functions reflects 

the momentum distribution of the quarks in the nucleon. The variable 5 

includes finite Q2 target mass corrections l4 (Cc x in the large Q2 limit). 

The structure functions W 1 and W 2 which are defined here p er nucleon 

are related to the differential cross sections in the usual form 

d20 = oM[W2(Q2,x) + 2Wl(Q2,x)tan 20 
&dE' 2 

where 0 M is the Mott cross section. The ratio of W2 to Wl is related to 

R = (JL/OT , the ratio of the cross sections for absorption of longitudinal 

and transverse virtual photons, by the expression W /W 21 = (1+R)/(l+Q2/4M2x2) . 

We report here on oFe/CTD , the ratio of the differential cross sections per 
2 

nucleon for nucleons bound in a steel nucleus and nucleons bound in the 

deuteron. - Equality of R for a nucleon bound in steel and for a nucleon bound 

in the deuteron would allow interpretation of oFe/oD as the structure function 

D2 D2 2 
ratio VWFe/vW2 = FIe/F2 where F2 is the structure function associated 

with W 2 that exhibits approximate scaling. 

The measured raw cross section ratios UFe/UD were corrected for the 
2 

small acceptance difference between the steel and deuterium targets. 15 A small 

correction (1% to 3%) was applied for the neutron excess in steel (using 

fits to neutron and proton data 10 ) such that UFe- as reported here is the cross 

section per nucleon in a hypothetical steel nucleus with equal numbers of 
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neutrons and protons. In addition, a small correction was applied for the 

small difference in the radiative corrections for steel and deuterium _ - 

targets. The radiative corrections, calculated using the method of MO and 

Tsai 16 as described in detail in Stein et al. 2 changed the oFe"D 2 
ratio by less than 1%. The calculation included the contribution of the 

radiative tails from the elastic scattering from steel and deuterium nuclei 

(negligible in our range of momentum transfers) as well as contributions 

from quasielastic and inelastic processes. 

Values of CJFe/CrD as functions of x and 5 are given in Table 1 and 
2 

shown in Figure 1. The values were obtained by calculating the ratios 

at all kinematic points with W 3 1.8 GeV/c2 and forming weighted averages 17 

over small intervals in x or s(Ax=0.05). The random errors arising from 

counting statistics dominate the typically 1% error in the cross sections 

obtained by adding in quadrature the errors from random fluctuations (e.g. 

flux monitors, liquid target densities and rate dependent effects). Only 

random errors are shown in the errors of the points in Figure 1. 

Most systematic errors in the cross sections (solid angle, incident and 

scattered electron energy calibration, monitor calibration and most 

uncertainties in the radiative corrections) cancel in the ratio 

oFe"D . The number of nucleons/cm2 in the steel empty target replica 
e 

was me:sured to an accuracyof*0.8% by weighing sections cut out of the 

target in the region which was traversed by the beam and measuring the 

areas with a planimeter. The number of nucleons/cm' in the liquid deuterium 

target was determined to an accuracy 
10 of 20.8%. We estimate an overall 

systematic error of fl.l% in the oFe/uD ratio. The systematic error in this ratio 
2 

from radiative correctionsis estimated to be less-than 1%. The electron 

data show a significant x dependence difference between the steel and deuterium 
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cross sections. The observed effect is consistent with recent results 

obtained with muons by the EMC collaboration5. 

In view of the small statistical and systematic errors we conclude that 

the difference between the steel and deuterium cross sections is due to nuclear 

effects. The effects of Fermi motion of the nucleons in the steel nucleus 

and in the deuteron have been calculated by Bodek and Ritchie7 using an 

extension of the original calculations of Atwood and West 18 for the deuteron. 

The expected contribution from Fermi motion effects to the ratio of steel 

to deuterium cross sections is shown in Figure 1. The cross sections for 

steel were expected to be larger than those for the deuteron for x > 0.5, 

because the momentum spread of the wave function for nucleons bound in 

steel is larger than the momentum spread of the deuteron wave function. 

The behavior of the data for x < 0.80 is opposite to that expected from 

Fermi motion. However, the data suggest that forx>0.8the effects of 

Fermi motion become dominant. 

The variation of the data as shown in Figure 1 cannot, in present 

models, be explained in terms of nuclear shadowing. Nuclear shadowing is 

expected to be important only at small values of x and Q2 where deviations 

from the quark parton model are expected due to effects such as the coupling 

between the photon and vector mesons4 (or "higher twist" effects in the 

language of QCD). Radiative corrections 2,16 are well understood and are 

not expected to result in the observed variation with x. 

Within the quark-parton model, the x distributions of the structure 

functions reflect the momentum distributions of the quarks in the nucleon. 

Thus the data indicate that the quark momentum distributions in the nucleon 

become distorted in the presence of other nucleons in the nucleus. In view 

of these results, we have begun the further analysis of data from SLAC 
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experiment E49B 19 in which an aluminum empty target was used and which 

---covered a kinematic region extending to considerably lower values of 
_ - 

x than thbse reported here. The comparison of aluminum and deuterium 

data will be reported in a future communication. 

In summary,the data indicate significant distortions in the structure 

functions of nucleons bound in steel which cannot be attributed to Fermi momentum 

smearing. It has been suggested8 that similar distortions are small in 

the deuteron because of its large size. Experimental support for this 

suggestion comes from the consistency of the ratio of d(x) and u(x) quark 

distributions in the nucleon extracted from deep inelastic electron 

scattering experiments 1 on hydrogen and deuterium (i.e. from F2 en/Fy) and 

the same quantity extracted from neutrino and antineutrino experiments 

on hydrogen. 20 
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Figure Caption 

--Figure 1: cFe'oD versus x. Only random errors are shown. All data 
2 _ - 

for W 3 1.8 GeV are included. The data have been corrected 

for the small neutron excess in steel. The data have not 

been corrected for Fermi motion effects. The effect with 

Fermi motion corrections is much larger (see Table 1). 

The curve indicates the expected ratio if Fermi motion effects 

were the only effects present (Ref. 7). Recent data from muon 

scattering (EMC, Ref. 5) are shown for comparison. The syste- 

matic error for the electron data is estimated at 21.1%. The 

systematic error in the muon data (EMC) is 21.5% at x = 0.35 

and increases to 26% for the points at x = 0.05 and x = 0.65. 

Table Caption 

Table 1: 'Fe"D as a function of x and 5. The ratio expected from Fermi 
2 

motion is from Ref. 7. The data have been corrected for the 

small neutron excess in steel, and have not been corrected for 

Fermi motion effects. In order to correct for Fermi motion, the 

- ‘Fe”D ratios should be divided by the numbers in column 4. 
2 2 The mean Q2 is in (GeV/c) . 
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Table 1 

x, or 5 mean Q2 'Fe'"D 2 
(x bins) (x bins) 

.25 3.3 

-30 

.35 

.40 

.45 

.50 

.55 

7.2 

6.4 

7.1 

7.2 

7.6 0.933t.019 1.000 0.9181r.018 

7.6 

.60 6.0 

0.907+. 020 

0.876f.016 1.034 0.855-1.017 

.65 7.8 0.8705.017 1.069 0.871k.022 

.70 9.7 0.885k.027 1.142 0.93E.034 

. 75 - 

.80 

.85 

11.4 0.934+.041 1.262 0.931k.047 

12.8 0.936k.054 

1.069k.099 

1.458 0.975T.083 

17.0 

19.3 

1.746 1.204k.159 

.90 1.162k.255 2.021 --- --- 

1.1654.106 

0.951+.063 

0.989f.017 

0.979f.023 

0.952k.017 

Fermi 

Motion 

0.976 1.165k.106 

0.976 0.951f.063 

0.978 0.986k.017 

0.980 0.9752.018 

0.989 0.943k.018 

1.011 0.897+.015 

‘Fe”D 2 
(5 bins) 
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