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High-energy electro-excitation cross sections on 6 Li and 12 C in the region of the f'lrst nucleon resonance are compared 
with calculations in the impulse approximation. It is shown that the 6Li and 12 C cross sections can be reproduced by an 
incoherent superposition of nucleon structure functions for 0.2 < Q2 < 0.4 GeV 2 and primary energies in the GeV range. 

The influence of nuclear matter on the nucleon 
resonances has been discussed in several papers [1]. 
An unexpected experimental result is reported in refs. 
[2] and [3], where the cross section per nucleon for 
the A33 electro-excitation in the nuclei 6 Li and 12C 
was observed to be significantly smaller than for free 
nucleons. This appears to be surprising, since the elec- 
tron is expected to interact with single nucleons only, 
due to the short wave length of the transferred virtual 
photon in the kinematic region 0.2 < Q2 < 0.4 GeV 2 
covered by these experiments. 

This paper presents a reanalysis of the data of ref. 
[2] using a method developed in the course of our 
study of deep inelastic electron-nucleus scattering 
(invariant mass I4/> 2 GeV) [4] requiring knowledge 
of the cross sections in the resonance region. The 
method used is that of Atwood and West [5], but 
generalized to heavier nuclei. 

The basic assumptions are: 
(i) The one-photon exchange approximation holds 

also for electron scattering on complex nuclei. 
(ii) The electron interacts with only one nucleon 

i Present address: MPI fiir Physik und Astrophysik, Munich, 
Germany. 

in the nucleus. The other nucleons remain unaffected. 
(impulse approximation). 

(iii) The momentum distributions of the bound 
nucleons are described by the nuclear shell model. 

(iv) The structure functions for free and bound 
nucleons are identical. 

These assumptions are the same as those used in 
ref. [2]. Our analusis, however, differs from their 
method particularly in handling the Fermi motion. 
Instead of folding the nucleon cross sections with the 
Fermi motion, our procedure takes into account that 
only the hadron vertex is influenced by the Fermi 
motion, whereas the lepton vertex remains unaffected. 
The other main difference in the analysis lies in the 
description of the elementary processes. We describe 
the nuclear cross sections in a phenomenological man- 
ner, where we have fixed the parameters as far as pos- 
sible. The authors of ref. [2] used a somewhat artifi- 
cial partitioning of the cross sections with several pa- 
rameters adjusted in the final fitting procedure. 

In the one-photon exchange approximation the 
twofold differential cross section for electron- 
nucleon scattering is usually written as: 
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o = d2o/dEd~2 = OMott [W2(Q2 , v) 

+ 2Wl(Q2 , v) tan2(0e/2)] . (1) 

Here 0 e is the electron scattering angle, [4' 1 and [4' 2 
are the structure functions of the nucleon, Q2 is the 
four-momentum transfer (Q2 > 0) and v is the energy 
transfer to the hadronic system. 

Since the one-photon exchange approximation has 
also been proved valid for complex nuclei [6], the 
cross section for inclusive electron-nucleus scattering 
can be correspondingly factorized: 

o A = d 2 o A / d E d ~  = O M o t t [ w A ( Q  2, V) 

÷ 2W A (Q2, v) tan2(0e/2)l .  (2) 

The structure functions W1A and W A of the nucleus 
with mass number A are obtained by folding the nu- 
cleon structure functions with the momentum distri- 
bution of the interacting nucleon while Q2 is fixed. 
It turns out that the structure function wIA of the nu- 
cleus is a function of both W 1 and W 2 of the free nu- 
cleons, whereas W2 A depends only on W 2. The func- 
tional dependence reflects the kinematics of the scat- 
tering process including the Fermi motion and bind- 
ing energy of the scattering nucleon. The contribu- 
tions of the different shells to the nuclear structure 
functions W1A and W A are calculated separately and 
summed according to the occupation number of the 
different shells. The complete deduction of W1A and 

is given in basic form for the deuteron case in ref. 
[5] and in detail for complex nuclei in ref. [7]. 

For the calculations we took an empirical param- 
etrization of the nucleon structure functions, where- 
by it is convenient to separate the nuclear cross sec- 
tion into two parts, namely the quasi-elastic and the 
inelastic contribution. 

For the quasi-elastic part of the nuclear structure 
functions we used nucleon structure functions taken 
from the Rosenbluth formula with the electric and 
magnetic form factors of the nucleons given by the 
scaling law and the dipole fit. 

An equivalent parametrization of inelastic elec. 
tron-nucleon scattering does not exist. Therefore we 
used W 1 and W 2 extracted from measured inelastic 
cross sections of protons and deuterons [8]. In order 
to cover the region below Q2 = 0.15 GeV 2, photo- 
production data were included [9]. The structure func- 

tions for protons and neutrons were obtained in the 
kinematic region Q2 < 1.5 GeV 2 and for invariant 
masses W < 1.8 GeV by interpolating the experimen- 
tal data along lines of constant W. The quality of the 
interpolations was checked by reproducing indepen- 
dent measurements within the kinematic region de- 
fined above [7]. 

The procedure outlined here was applied to obtain 
the quasi-elastic and the inelastic parts of W A and W A 
for the nuclei 6Li and 12C within the kinematic region 
Q2~ 1.5 GeV 2 and v ~ 1.7 GeV. Using the values of 
W A and W A , the cross sections for quasi-elastic and 
for inelastic sca t t e r ing ,  O~ uel and o~l el, respectively, 
were computed separately according to eq. (2). 

For the comparison with the measured cross sec- 
tion, radiative processes have to be considered. Since 
the nuclear cross sections have been calculated for 
the whole kinematic region, the contributions of the 
radiative processes to the experimental cross section 
can be directly calculated. This was done by applying 
the formulas of Mo and Tsai [10]. The radiative tail 
of elastic electron-nucleus scattering has been esti- 
mated to be negligible for Q2 > 0.2 GeV 2. In order 
to account for the experimental resolution FWHM = 
0.025 GeV, the calculated cross sections were smear- 
ed by a gaussian distribution. A detailed description 
of the measurements is given in refs. [11 ] and [12]. 

The experimental cross section of the nucleus is 
parametrized as the sum of the two calculated contri- 
butions o~ uel and  O~ el, 

A quel A inel a~ el 
nexp - r, I za eft nquel . "" eft . - - -y -  
VA A VA 

For quasi-elastic scattering the impulse approximation 
is well established [5,13]. Since no Pauli blocking is 
expected [14] for Q2 > 0.2 GeV 2 the effective num- 
ber of nucleons for quasi-elastic scattering, A q~f el, is 
set equal to A. The only parameters left are C and 

inel Aeff/.4. The factor C accounts for systematic errors 
[15] in the absolute experimental cross sections and 

A inel / A eff/~ is a measure of the validity of the underlying 
model to be tested against the experiment. It should 
be unity if inelastic electron-nucleus scattering, as in 
the case of quasi-elastic scattering, can be described 
as an incoherent superposition of single-nucleon pro- 
cesses. 

Fig. 1 compares our results with the experimental 
data of refs. [11 ] and [12]. The calculations reproduce 
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Fig. l. Electron scattering cross section versus the invariant mass W for 6Li and 12C target nuclei. The long- and short-dashed 
lines represent the calculations for quasi-elastic and inelastic scattering, respectively. The solid line is the sum of both. The arrows 
indicate the masses of the proton and the Aaa resonance. 

the width and the shift of the peaks originating from 
the Fermi motion and binding energies of the nucle- 
ons [16]. For 6Li the general agreement is good and 
no significant deviations from the experimental spec- 
tra are observed. The 12C data differ from the calcu- 
lations in the region of low invariant mass, and the 
minimum between quasi-elastic and inelastic scatter- 
ing is more pronounced in the calculations. This is 
caused by the fact that the experimental spectra of 
12C are smoothed with gaussian distributions [12]. 

inel The values ofAef f/,4 obtained from the fit are 
listed in table 1 and are plotted versus Q23a in fig. 2. 
The mean values of Ame~l/A are 0.97 and 1.01 for 6Li 
and 12C, respectively. With an estimated uncertainty 
of at least 10% for the extracted values (due to the 
uncertainties in the input data, particularly the neu- 
tron cross sections), we find no significant deviation 
of the effective mass number Aief~ 1 from the number 
of nucleons A composing the nuclei. 

In summary, for 6Li and 12C in the kinematic re- 
gion W < 1.5 GeV and 0.2 < Q2 < 0.4 GeV 2 for pri- 
mary energies in the GeV range, the experimental 
cross sections are described in the impulse approxi- 
mation by folding the nucleon structure function 

Table 1 
Values for A[~l/.4. 

Target E 1 0 e QA3h A'clI~I/A a) 
nucleus (GeV) (GeV) 

6Li 2.50 12.0 0.022 0.97 
6Li 2.70 13.8 0.348 0.97 
6Li 2.70 15.0 0.395 0.96 

t2C 2.0 15.0 0.210 1.01 
12C 2.50 15.0 0.337 1.02 
t2C 2.70 15.0 0.395 1.01 

a) Errors estimated at 10%. 
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Fig. 2. A~I/A for 6Li (o) and 12C (e) versus Q2 (GeV 2) at 
14/= 1.236 GeV. 

with the momentum distributions of the bound nu- 
cleons. Contrary to the results of ref. [2] the present 
analysis of the same data reveals no suppression of 

electro-excitation in the A33 region. 
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