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The high momentum transfer electron-nucleus scattering cross section is evaluated within the plane wave im-
pulse approximation (PWIA) supplemented by the relativistic Hartree approximation (RHA). Binding effects
on the struck nucleon are introduced through the scalar and vector meson-exchange fields within the framework
of quantum hadrodynamics. This model naturally satisfies the current conservation, with the off-shell nucleons
behaving as being on the mass shell but having an effective mass. The nucleon inelastic response is included
via different parameterizations of the structure function measured at SLAC, while the smearing of the Fermi
surface is introduced through a momentum distribution obtained from a perturbative nuclear matter calculation.
Recent CEBAF data on inclusive scatteringda5 GeV electrons oii®Fe are well reproduced for all mea-

sured geometries by the first time. Scaling effects are analyzed as well, and the scaling properties of the nuclear
response in terms of the variable associated to the PWIA within the RHA framework are discussed. The
theoretical scaling function obtained in our approach also significantly improves previous PWIA calculations
within the multi-GeV electron scattering regime, and describes properly the CEBAF scaling data.

The inclusive electron-nucleus scattering is a powerful momentumk = (e = vkZ+m?2 k) andk’ = (¢ =
tool for investigating the effective constituents of hadronic /k’2 + m2,k’), respectively, wher& = |k|, k' = |K/|,
matter and their dynamics. Experiments performed in dif- jnq, — Zj is the fine structure constant afd = (6, ¢)
ferent regions of the square four-momentyihig = (v, q)) the scattering angle. The most general formifdy, satis-

and energyv transfers, provide information on the nuclei fying simultaneously Lorentz invariance, gauge invaria
constituents and diverse excitation mechanisms. They are'(quWW = 0) and the parity conservation is

(i) the quasielastic scatteringegion,w < Q?/2M, with
M being the nucleon mass agf = —¢? > 0, where ex- W — Wi (a? 4p Qv
. . ! . . v\ - [y - y+
perimental data can be analyzed in terms of scaling vari- o (P 4) ap-a) | =9 q>
ables providing information on nuclear dynamics and the . .
S o . p pP-qq Pv P 4G
nucleon momentum distribution; (ii) thi@elastic scatter- +Wa(q®,p - q) LT“ Y qu} { } ;
ing region,w > Q2?/2M + M,, with M, being the pion
mass, where nucleon resonances are excited and medium in\fvhereW are Lorentz scalars. For a nuclear target at
duced modifications of their properties can be studied; (iii) 1,2 ' 9

) ) N (M = M4) we havep = (M4,0) andp - ¢ = M 4w, which
the deep inelastic scatteringegion,W = /(p+ ¢)? > 2 - . -
GeV, Q% > 1 (GeVIcP, beingp the initial nucleon four- when combined with the above two equations lead to

M M ¢

momentum, where possible modifications of quarks and d*o _ doy Q? A

gluon distributions in the nucleon induced by the medium dQde — dQY ? L(waq)

can be investigated. In the later case the response func- 1Q? 0

tion also reflects the presence of 6-quark bags in the nuclear + (5—2 + tan2§> WA (w, q)} ,
wave function. a

In the Born approximation the differential cross section where4 = (N, Z), do;/d$Y is the Mott cross section, ar

reads where we have used the well known longitudifiél;*) and
d?o a2k transverséWW;) response functions
Y 7*LHVW;U/7
dVde  q* k \ 2 N
WL (OJ, q) = ?WQ (w7 q) - Wl (w7 q)7

where L*¥(k, k') is the lepton tensor describing incom-
ing and outgoing plane-wave electron states with four- Wi(w,q) = 2Wiw,q),
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which must be evaluated over the entire rafige w < q. consistently through the scalar self-enengy; ,, within
The PWIA [1], is inspired on the fact that the electron the Hartree approximation. The vector self-eneR}y =
probes only a small region of dimensiohgy and is based ~ CZpp/M? accounts for the action of the repulsive vector

on the following assumptions: field, and the two free parametefs and Cy depend on
i) the nuclear current operator can be written as the sumthe meson coupling constants and masses being fixed to r
of one-body nucleon currents; produce the experimental binding energy per nucleon at th
i) the target decays virtually into an on-shell (A-1) nu- baryon density g for the normal nuclear matter [3].
cleus (spectator) and an off-sheif(# M?) struck nucleon; In the PWIA + RHA approximation, the response tensor
and can be expressed in the laboratory system as

iii) the nucleon that absorbs the photon is the same that
leaves the target without interaction with the spectator.

To deal with the off-shell effects, we adopt in this work A _ M* e
an approximation that keeps simultaneously the gauge in- Wia () ZZ/dp ("),
variance and the covariant kinematics of the struck nucleon.
The nucleon will be bound trough the interaction with the
scalarg and vector/,, mesons fields, within the framework
of quantum hadrodynamics (QHDI)[2]. The nucleon single

being

particle spectrum reads wit (", q) = wi™ (Q,v") {—guv + q;g,,}
meyz oy [P | [P0 v
po =Y + E, wy (Qv”)[]vf**qug} {M**Vq?]v
i * /2 *2 i
with Ef; = /p? + M*2, being wherem; = p (n) for protons (neutrons). This equation has
M* = M+ 355, 4(Cs, M. the same form as the previously defined for an on-shell nu

cleon but with an effective masg/*, which indicates that
M* < M is the effective mass acquired by the nucleon by nuclear electromagnetic current is still conserved and th
the action of the attractive scalar field and is determined self-gauge invariance preserved [4]. Also we have

|

Wil(w,q)

q* p: @\’

@(1—1—]%* qy*>
N 2

() @) - ur @)

Wi (waq) = 2Z/dpnm’(p

2Z/dp n™(p

me

X

)

*

) [ (@)

Pz 2 me 2 *
+ (M*> Wy (Q y V ) :| ?
|
whereq = |q|. This result exhibits our prescription: the kinematical rangé < Q2 < 20 (GeV/c}f and0.1 <
wi'h” ‘he“(QQ v) = wisel(@Q? v*), wherev = p - r = Q*/(2Mw) < 0.77. The other one was reported by

g/M — v =p- q/M* as a consequence of using the Whltlow [6], and corresponds to the rangé < Q2 < 30
RHA to descnbe the struck nucleon. As said before, the (GeV/cf and0.06 < = < 0.9. Finally, the inclusive cross
probability for exciting the nucleon becomes important for section reads
Q* > 1(GeVicy. Thus, we cast;"; in the form

d?o d?o, d?0;

wy's = wei'y + Wity dVde — dvde T aovde”

wherew/;', andw;}’, are the elastic and inelastic nucleon

responses which will be both affected for the on-shell to Where the contributions coming from the elastic and inelas
off-shell mentioned prescription. For the functiong, tic nucleon responses are written separately.

we assume two different parametric fits obtained from the  The nucleon momentum distributios™ (p) has been
SLAC data onp(e,e’)p’ andd(e,e’)d’ reactions. One of evaluated as follows. First, the surface effects are suppose
the parameterizations was found by Bodek et al. [5] in to be of minor importance and we adopt a non-relativistic
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nuclear matter model for the structure of the A-target ground state

]

2p2h|V |0pOR)
Eapan

04) = N |0;00h>—(21!)2 Z < |2p2h)

p's,h’'s
1 3 (4p4h|V |2p2h) (2p2h| V' |0pOh)

oy

|4pah) |,

DT Eopon Eapan

whereV is the residual interaction. This "minimum” pertur- contains the 2p2h and 4p4h contributions that deplete

bative scheme allows to include the norm correctidén= Fermi surface, as illustrated in Fig. 1. The superscrif-
(04]04)~1, avoiding in this way contributions from unbal- dicates that only the "connected” 4p4h diagrams have t
anced disconnected diagrams. We get included. For the residual interaction we use
n'mt = a"n(p); n(p) =06(1 —p)+ dn(p), - . .
(p) (p) (p) ( p) (p) V(q) _ Z v (q)O{(q) . Oé(*q)
I

wherep = |p| is measured in units of the Fermi momentum
pr anda™: = 3N™ /4xp%,. 6(1 — p) is the usual OpOh

Fermi step function, while where t_he quantum numbel& T, S, J stand, respectively
for the isospin , the spin and the total angular moment
on(p) = on@(p) + on (p), The operator©’(q) are defined as
]
0"(q) = 1; 0°%a)=i(g-0); 0"(q) = (4% o),
0'(q = 7 0"(a)=i(q o)r; 0"(q) = (gx o),

and a Landau-Migdal parameterization plus a the static one  The scaling function is defined as
pion exchange potential is adopted for the strengthé)

[7]. Flw, q) = d*o(w, q) q
VT T ade By tw
n -1
120 N 908 @min, @, @) dog (Pmin, @, Q)
r — opoh asy asy ’
1
[romememmenmmmee e ---- 0pOh + 2p2h + 4p4h
0-8; wherep,.;, = |y|, beingy the scaling variable
Sos[-
04l q w [AM2
C y=—+ o1/ + 1
ol 2 2\ Q@
T T Y obtained from the energy-conservation relation
’ P/i’F ’
Figure 1. Momentum distribution fl_Jnctiom(p) =60(pr —p) +
on(p). The unperturbed step function corresponds to a pure OpOh w = \/(q Tyt M- \/yz T M2

uncorrelated ground state and is indicated by full lines. The de-
pletion of n(p) comes form the admixtures of 2p2h and 4p4h
excitations and is represented by dashed lines. for a fixed(w, q) pair.
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At high momentum transfers)? > 1 (GeV/cy) and
y < 0, we get

oo

2 /l ‘ dpp»_n™(p),
) me

which indicates that, fof)> — oo, F scales iny, i.e., it de-
pends only ory and not on(w, q) or (w, ) separately. Thus

it should be approximately constant for a fixed value,of

In Figs. 2, 3 and 4 are confronted our theoretical results for
the differential cross section iFe with the CEBAF exper-

F(y)

imental data [8] when the scattered electron are detected at

anglesd of 15°,23°,30°,37°,45°,55° and74°. We evalu-
ate as well the scaling functidf(w, q) as a function of the
scaling variablgy, that naturally appears in the model.
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Figure 2. Sensibility of the per nucleon cross sectiof®ifie on
the effective masd/™. In the panel a) are shown separately the

elastic (thin lines) and inelastic (thick lines) cross sections. In the ‘ N -
panel b) are displayed the corresponding total cross sections. Thestruck nucleon in both the initial and final states. The rel-

data are from CEBAF.
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Figure 3. Calculated and measured cross sectiof$Hir for dif-
ferent angleg). Theoretical results for both Bodek’s (thin lines)
and Withlow (thick lines) fittings of the inelastic nucleon response
are exhibited. For the effective mass was used the valie=
0.74 which is obtained in the relativistic Hartree approximation.

1

F(y,) [GeV ]

04

y [GeV/c]
Figure 4. The scaling functiof'(y, §) for °° Fe a as function of
the scaling variable for scattering angle8 = 15°,30°,45° and
74°. The experimental data are from CEBAF and are indicated by
points, while the results corresponding to the fits of Bodek (B) and
Whitlow (W) are given by thin and thick lines, respectively. A re-
arrangement of data is necessary since the scaling variable and t
nucleon elastic cross sections in our model are different from thos
adopted in the CEBAF experiment.

In summary, to treat the scattering of GeV electrons by
nuclei we have implemented a new version of the PWIA ap-
proach. The FSI has also be included to some extent. Thi
is achieved by taking into account the binding effects of the

ativistic kinematics is treated within the relativistic Hartree
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