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Highly inelastic electron scattering is analyzed within the context of the unified relativistic approach previ-
ously considered in the case of quasielastic kinematics. Inelastic relativistic Fermi gas modeling that includes
the complete inelastic spectrum—resonant, nonresonant, and deep inelastic scattering—is elaborated and com-
pared with experimental data. A phenomenological extension of the model based on direct fits to data is also
introduced. Within both models, cross sections and response functions are evaluated and binding energy effects
are analyzed. Finally, an investigation of the second-kind scaling behavior is also presented.

DOI: 10.1103/PhysRevC.69.035502 PACS nuner25.30.Fj, 24.10.Jv, 13.60.Hb

I. INTRODUCTION proaches make additional assumptions and use only the inte-

In this work we consider highly inelastic electron scatter-9ral of the spectral function, namely, the nuclear momentum
ing and compare its analysis with the case of quasie|astidi5tributi0n or make nonrelativistic approximations when
(QE) electron scattering. The latter is dominated by the prodealing with the spectral function.
cess where the exchanged virtual photon interacts with a This distinction can be seen quite clearly in studies of
nucleon in the nuclear ground state and ejects that nucleofirst- and second-kind scalinpl1,16—-2Q and will not be
thereby forming a nuclear particle-hole excitation. Correc-elaborated here. Once the inelastic RFG modeling is in hand,
tions to this dominant process involve going beyond the im-t becomes clear that it might be useful to explore a phenom-
pulse approximation to account for two-body currents, final-enological extension of this model, namely, what we call the
state interactions, and nuclear correlations. Although thesextended relativistic Fermi gg&RFG). In this approach we
contributions are known not to be entirely negligitjlie-7] take the result of doing the correct integral over the nuclear
this simple process accounts for the basic feature seen in ttepectral functiori.e., not the full integral, which is the mo-
vicinity of elastic scattering from a nucleon at rest, namely,mentum distribution, as alluded to abogwdirectly from fits
the QE peak. Models such as those discussed below take intoade previously to the daf@1]. We shall see that this has a
account the fact that the nucleons in the nucleus are movingignificant impact on the nuclear responses at high inelastic-
and are bound and thereby produce a broad peak in the ifity.
elastic spectrum. In the present work our goal is to extend An issue which will also become clear later is that the
the analysis, still maintaining the same basic features of thetory is not yet complete: in addition to the modeling done in
relativistic modeling used for the QE region, and now focusthe present work, where the focus is placed on incorporating
on what we call highly inelastic scattering, or for brevity, inelastic effects at high energies, there are still other contri-
simply the inelastic region. This includes everything thatbutions that must be added. Specifically, in recent Wa
goes beyond the QE process: that is, whereas the QE procems 2p-2h meson-exchange current effects it is seen that a
assumeslastic scattering from the nucleons, the inelastic significant incoherent contribution must be added to those
process will assuméelastic eN scattering. For relatively explored here. Given that the work omp-2h effects is, as
low final-state invariant masses one lies in the region of resoyet, incomplete—correlation contributions are presently be-
nance excitation and two cases of this sort have been exag included—it is premature to make too much of compari-
plored in recent work8,9]. In the present study these ideas sons with experimental data, and, as we remark later in the
are generalized to include the complete inelastic spectrunappropriate places, the final understanding of how all of the
both resonant and nonresonant, including deep inelastic scatarious reaction mechanisms enter, while becoming clearer
tering (DIS), within the context of the unified relativistic is not yet achieved.
approach used in our previous work. The paper is organized as follows: in Sec. Il we recall the

Thus, in the present work our goal is to begin by explor-general formalism for inelastic electron-nucleus scattering;
ing extensions of the relativistic Fermi gdRFG) model in Sec. Il we derive the expressions for the inelastic had-
[6,10,1] to an inelastic version of this approach. While this ronic tensor in three different models: the pure RFG model
bears some connection with traditional convolution modeldSec. Il A], the RFG including the effects of binding energy
for the high-energy response of nucl@ee, for example, [Sec. Il B] and the ERFGSec. Il C]; in Sec. IV we present
Refs. [12-159) it is not the same in that, albeit within a numerical results for cross sectiofSec. IV A], response
model, it correctly incorporates a specifadativistic nuclear  functions[Sec. IV B, and scaling functiongSec. IV g and
spectral function into the problem, whereas some other agfinally, in Sec. V we draw our conclusions.
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II. INELASTIC ELECTRON-NUCLEUS SCATTERING: £6) = Mg+ - \’/(Mg)z + pz _ \,/\N)Z(_,_ q2 + p2 +2pQ cos @

GENERAL FORMALISM @
With the goal outlined above in mind, we start by rewrit-

ing the general expressions that apply in both elastic anglith ¢ the angle betweep and g, and whereWy is the
inelastic regimes. The general formalism describing incluinyariant mass of the final state. In thdg — oo limit the
sive electron-nucleus scattering processes is widely availablghove expression becomes
[23-25; here we simply focus on those aspects that are of
special relevance for the discussion that follows. We follow
the conventions and metric of Rg26] and use capital let-
ters to refer to four-vectors. The incident and scattered elec- . ~ 0
tron four-momenta are denoted Wy/“=(g;,k;) and K# wheorgm,\, is the nucleon mass)= w-Es andEs=Mg+my
=(e¢,k¢). The hadronic variablesPi=(M,,0) and P§ ~M, is the separation energy. . _
=(Eg,pp) represent the four momenta of the target and re- The upper curve(m) crosses the axis atp-=-yx and

E6)=my+ B - \W+?+p?+2pgcosh,  (5)

sidual nucleus, respectively. The four-momentum transfer i?*zYX' where
given by Q*=(w,q) (we assume the Born approximation,
i.e., only one virtual photon exchanged in the progess Yy = i[(Mo n a))\/_(W— M9)2 - W2

Following standard procedures the differential cross sec- 2W2H A B %
tion may be written 0% B

g X(W+ M2~ WE - 20A,] (6)
do 20 g4
= ——n,, W, 1
dede Q4 £; ym ( ) and

where « is the fine structure constang,, is the leptonic 1 0 037 2
tensor that can be evaluated directly using trace techniques Yx= ZWZ[(MA+ ©) V(W= Mp)? = Wy

[27], and W** is the hadronic tensor containing all of the .

nuclear structure and dynamics information. Assuming that XAV(W+MB)? = We + 2gA], (7)
the final state can be described in terms of a recoiling nuclear

state|y) plus a(highly) inelastic statédy), its general ex- and where

pression is given by

o R . W= J(M0+a))2—q2 and A :1[W2+(M0)2_\N2]'
WA= D D0 D (ahia, Pyl IH) | a) (i, Px[I7(Q) i) e o i ' (8
A B X

X p(Eg)dEgp(Ex)dExd(e; — 1 + EA~ Eg ~ Ex), The variableyy is the generalization of the usuglscaling
(2)  variable to the inelastic process where a resonafisepro-
_ duced. In the limitM3 — o it reads
where 2,(Zg2y) indicates the appropriate averagsum

over initial (final) states. Herd*(q) is the Fourier transform Yoo = V(@ + my)? - W§< -q. 9)
of the nuclear current operator evaluathf,) and |/g, Px) )
represent the initial and final states, respectively, and the Note that the allowed region decreases vl aréd col-
distribution functionsp(Eg) and p(Ey) are introduced to ac- lapses to a point whenyz=Yy, which impliesW=Mg+W
count for the energy-momentum dispersion relation of the®’s in the Mg—oe limit, (yx.)min=-0, corresponding to
final nuclear(B) and hadronidX) systems. In this work we W) max= @+ My Summarizing, for fixed four-momentum
assume that the inelasticity of the process is totally aciransfer, the resonant mass is limited to the range
counted for by the final stat®y; hence for the energy dis-
tribution function of the residual nuclear system we use my+m_ <Wy<my+w-Es. (10
p(Eg) = 8(Eg—Eg), whereEg=\p3+(Mp)2 Note thatW+ in
Eq. (2) is meant to be evaluated pg+px=q=Kk;—kj.

The nuclear tensor can equivalently be expressed as an  lll. THE RELATIVISTIC FERMI GAS MODEL
integral in the(&, p) plane, with p=pg the three-momentum ) ) ) )

DZTM*B)Z In this section we proceed by evaluating the hadronic

of the recoiling daughter nucleus anfl=. . : S
> 05 nuclear tensor assuming the impulse approximation and by

_Vp2+(Mg)2 the exmtanon engrgy of t.he .reS|duaI' nUCIeF‘S‘working within the framework of the RFG model. In this
(se”e R”ef.[lsg). The domain of integration is the kinemati- ;556 the virtual photon is absorbed by an on-shell nucleon
caly afowed region described by a Dirac spinou(h,s,), with energy E;,
max£(0),0] < € < &(w), (3)  =vh?+n{. Integrating over the momenta in the Fermi sea,
the following expression for the inelastic hadronic tensor re-
where sults:
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—E,) and the sum over the final states reduces to a sum over

3N mN —_
W (g, @) = 3fF dh="| dExd(w + E,~ Ex) spin projections,Exi:ESp. The QE hadronic tensor then

47 E
- h reads
1 — . v
X 52 2 p(Ex)[ Dy ulh,s)] [y "uh,s)], 3N 2 _
S X WAL(G, ) = WJ dh—-whe(H,Q) 8w + E, — Ep),
TPEJF

(11) hEp

whereN is the number of nucleorn(@rotons or neutronsand (16)

Jedh=Jdh&(pe—h), pe being the Fermi momentum. The wherewst. is the usual dimensionless QE single-nucleon ten-
symbol [dEy stands for the integral over the energy of thegqr

inelastic final state, whileEXi indicates in general the sum/

integral over all the internal quantum numbers of all possible 1 - " -

inelgstic final statesby, hav?ng total energyEy and r;Jotal WQE = EE ; [U(p,sp)J“u(h,sn)] [u_(p,sp)J”u(h,sn)].

momentumpy, fixed b)l/ momentum conservation to Ipg %
The hadronic tensor in EgL1) for inelastic processes can | the case of the transitio— A, the final stateby, within

be also written in the form the context of the RFG model, is an on-shall namely,

3NV de J L (H.O.E) Dy=\Vm,/E Us(p,Sy), with on-shell energyE, =p2+m3.

4apd %) EhWinel Q.Ex The energy distribution function in this case j&Ey)

_ =48(Ex—-E,) and ExiZEsA- The N— A hadronic tensor that
X 8w+ E,—Ey), (12 results is

Wirei(d, @) =

where Hﬂz(Eh,h) and we have introduced the inelastic ) 3N mﬁ ) -
single-nucleon tensor W' (g, w) = 3f dh==w}"(H,Q) 8w+ E -~ E,)
ATPEJF ELE,

l - A *
Wia(H,Q B = 52 X p(Ex) [Py J“u(h,s)] (18)
Sho X

o with wi” the dimensionless nucleaktensor
X[®yJ'u(h,sy)]. (13

v_ ﬂ 3 * T,
Note that the above single-nucleon tensor has dimensions ot = om 22 [P, 5p)3u(h, )] TUs(P,8p)3"U(h, 1) .

. L. K N S

E~L. As will be shown later, this is in contrast with our past oS
work on QE and\N— A scattering where the single-nucleon (19
tensg:z vv\\/lgrshggfslzig te(i breegsl,r?ﬁgisr:%?;?ii.hadronic tensor i'rAfS expected, these expressions for the dimensionless single-
Eq. (12) in terms of the igvariant masa/ nucleon tensors coincide with the ones introduced in Ref.

9. X [8,28]. Likewise for the Roper resonance the expressions ob-
3N MW tained in Ref[9] are recovered.
pin f dW f dh =A% (H,Q,Ex)

WpF F EhEX

W#]’él(q!w) =
A. The RFG inelastic nuclear tensor and response functions

X 8w+ Ep—Ey) (14) In this section we evaluate the inelastic nuclear tensor in
the RFG framework. For convenience, as usual we first de-

. — 2 .
with EX—\rpx+\N>2<. The energy integral can be performed fine the dimensionless variables

by exploiting theé function, yielding

° = NS I
W#'Ve'(q’w):rj\gj dh 2w (H,Qw+Ey). (19 KM_(A’K)_< my’ ) =12 = \2,
TPeJF

2my 2my
h
In the case of DIS on a single nucleon, the inelastic tensor Pe —
simply reduces to the single-nucleon tensd. e= o =Nl
el my

Before entering into a detailed analysis of the inelastic
nuclear tensor, it is interesting to notice how the usual ex- —
pressions for the QE arld— A hadronic tensors are recov- =) =< E, h ) _ W
ered from the general result given in EdJd). First, in the ’ ’ ’
case of QE scattering, the nuclear final state is simply a
particle-hole excitation, hence, in the RFG modék de- w/m

— Ey =
scribes an on-shell nucleon, namefy=\Vmy/E,u(p,s,). X
The energy distribution function is simply(Ey)=8(Ex in terms of which the hadronic tensor in E44) reads

(20
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, 3 BX Moreover, by requiring thagy(p) < e and that the reso-
Wiel(k: ) = PR fdeJ dn—"Winel(7, x; K, \) nance mass is above the pion-production thresticdd, sy
7T7]F éfx _ . . . .
= winreshi=1+u,;) the following region is obtained for the
X2\ +€e-€)0(n=— 7). (21)  integration ovelp:

Before presenting the explicit results for the RFG re- Ner — K7p Ner + K7
sponse functions, let us discuss an important ingredient of p1(#,N),pa(x,N)] = Max) ————,presn(»—

the calculation, the single-nucleon inelastic hadronic tensor

Whe. For unpolarized scattering, the latter can be param- (29
etrized in terms of two structure functions; and w,, ac- with
cording to

T

MoV _ M’IT(M’JT+ 2)
K TK ) + W, (" + k*p) (" + K'p). Pthresh= 1 + T

(22) Note that the upper integration limit(«,\) always lies be-
low the cutoff corresponding to Eq10). Indeed using Egs.
(10) and(24) and keeping in mind that th@egative sepa-
ration energy of the RFG i€5 °=-Te=my(1l-€p), the

maximump allowed by Eq.(10) reads

(30)

Mmoo _
Winel - Wl<glw+

For on-shell nucleons, the structure functiamsandw, de-
pend on two variables, the four-momentum transpérand
the invariant massVy of the final state reached by the
nucleon, or, equivalently, the single-nucleon Bjorken vari-

able
@ Q) . Prmax = 1 +—[<zx +ep)? = 1]= pylk\) + —<2K 7)?,
X= = 5= . (23

2H-Q Wi-mi-Q* 7k (31)
~ Inour formalism it is convenient to introduce the inelas- y, therefore resulting in the more stringent integration limit.
ticity parameter8,29 Now by writing the single-nucleon inelastic tensor in

1 terms of structure functions; andw, as in Eq.(22) and

p=1+ 4—T(M§(— 1), (24)  choosing the direction alongg, the integration ove® and

e can be performed analyticallisee Appendix A and the

the value unity corresponding to elastic scattering. Note thafadronic inelastic tensor can be expressed in the general

p is simply linked to the Bjorken scaling variable of the form

on-shell nucleon moving inside the target nucleus by the

relationp=1/x, thus in the following we will use as argu- WA (k,\) = 3

ment of the structure functions,,ws. 27,
In presenting our results we will also use the “laboratory” X UMk, 7. p) (32)

Bjorken variable TP

pa(k,\)
gF J dp(1 - y2) 6(1 - )

p1(K\)

whereé-=¢e-—1 is the Fermi kinetic energy and the inelastic

Q@ _r ! _
X ===, 25 scaling variable
L 2mN(1) A ( ) g
. . . —_ 1
corresponding to a single nucleon at rest in the laboratory = SgN\ — 7p) 3 /M (33)
frame. ee—1

Let us now return to the inelastic nuclear tensor of Eq.
(22): after performing the polar angular integration by mean
of the energy-conserving function one gets

as been defined. For each value @f(and henceuy) a
“peak” can thus be identified, corresponding to the region
-1<yy=<1, centered at

) = 3NT fzw dq)J f i 1
LK, 6
Wine 27k kN el Yx=0, Np=Tpp= z—p(\ 1+4dp*-1),
X Wi (€, 60, p; K, N) (26)
.
where Kp =\ 7p(1 + 7pp?), (34
1 whose width
Ccosfy=—(Ne— ). (27)
K7 )\:l[ /(2K+ )2+ 2 _ ’/(2K_ )2+ ZJZﬂ
The condition|cos f)| <1 fixes the integration limits over 2L\ E)T XN TR a2t a2
— / Hx
€.
(35
_ 1 . . . .
€= ey(p) = k[~ +p>—\p. (298 is a function that grows with and decreases withy.
T
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ered. The “total” observables are then obtained by adding the

Appendix A. Here we only report the longitudinal and trans-usual RFG QE response to the inelastic results:

verse components

2
K
ut=u®= 7[(1 + 7p?)Wy(7,p) = Wy(7,p)

+W,(7,0)D(k,7,p)], (36)

UT=UM+U?=2wy(7,p) + Wy(7,p)D(,7,p),  (37)

which are linked to the longitudinal and transverse response

functions by the following relations:

3NT

PN
f difx
7IFK -1

XUL'T(Kl T-P(¢x)),

1/2
1 2
K ;_ + Pthresh™ NPthresh™ 1

9P -
70| @ v%)

(38)

neI(K T)

with

Pk, N) =min | 1,

&
(39)
and
1
5 _K(1+§F¢§>—wx\/sz(thpzﬂi)
PR I '
X 7'\/1 +§§F¢/)2(
(40)

In Egs.(36) and(37) the function
D(k,7,p) = F—fo(p)f JZW—(nX i)?
= %{g[eé + eceolp) + eolp)?]
+Ner + g(p)] + )\2} -1+ +(p-1)
x—5{\ler + &o(p)] = lp+ 1)
=£:(1- avi)[l 6l - =& 2+ 6 0R)

¥ 3—;&(1 - &)} (41)

arises from the Fermi motion and goes to zeroéas-O0;
being proportional ter= 7;,2_1/2< 1, this provides relatively

RQE + nel (42)

In the deep inelastic regime it is customary to deal with
nuclear structure function®V, and/or F4,. These can be
expressed in terms of the Iong|tud|nal and transverse re-
sponse functions through the following relations:

W= 3R, (43
2
17
wie(gfeaw
and
Fr=mgWy, (45)
F5 = 2ma\W;. (46)

B. Effects of binding energy

In the study of superscaling for inclusive QE electron
scattering from nuclei, an appropriate scaling varialtle
was introduced by including a small energy shift to have the
QE peak occur at the place where the scaling variable is zero.
A detailed study of the sensitivity of the scaling function to
variations of the Fermi momentum and energy shift was pre-
sented in Refs[16,18,2Q. Here we extend this analysis to
the inelastic region. In principle, the introduction of an en-
ergy shift wgpir; in the formalism is straightforward and the
calculation of the inelastic responses proceeds as in the
wghif=0 case. However, as will be made clear in the follow-
ing, some complications arise. First, due to the general form
assumed for the single-nucleon inelastic hadronic tensor, a
certain asymmetry appears between the energy shift effects
in the longitudinal and transverse responses. These shift ef-
fects are larger in the longitudinal response. Notice that this
asymmetry already enters at the level of the QE nuclear re-
sponses. Second, there exists an ambiguity in the definition
of the variable which should be used as the Bjorkestaling
variable corresponding to the moving nucleon.

The effects of the inclusion of an energy shift on the in-
elastic nuclear hadronic tensor have been studied in the lit-
erature, with particular emphasis on the structure fundégn
and the European Muon CollaboratidBMC) effect at large
values of, in the context of so called “binding modelgee,
for example, Refs[30,3] and the general reviewd?2,13).

The approach we follow here is the self-consistent generali-
zation of previous works on the RFG. It is formally similar
to the binding model approach, where in general the on-shell
energy of the initial nucleon is modified by subtracting a
constant term which effectively accounts for the nucleon
separation energy and for the possibility that the residual
nuclear system is left in a¢highly) excited state. However,

moderate corrections to the rest of the contributions in Egssince the existing models either focus only on EMC ratios
(36) and (37). and/or use more realistic, although generally nonrelativistic

The valuep=1 corresponds to QE kinematics: in this casewave functions, a precise quantitative comparison with those
the well-known expressions for the QE responses are recovnodels is not possible. As we will discuss in the Results
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section, our calculations still miss some ingredients, coming LT 3NT o) 5

from meson-exchange currents, and this makes a detailed Riei(%,7) = ——3— Ff dp’ (1= U T(k,7,0").
quantitative comparison with experimental data premature; it 27K e

is clear that, when this comparison will be made in the fu- (53
:]uersa:d.more in-depth study of binding effects will also beIn order to evaluate the longitudinal and transverse nuclear

functionsU“T(«, 7,p’) one needs to assume a specific form
for the inelastic single-nucleon tensafiy(e,p’; «,\). It is
qj_mportant to remark that there exists some ambiguity in the
choice made here: for instance, several alternatives involving

In the RFG the energy shift is usually introduced by
modifying the argument of thé function appearing in the
general expression of the inelastic hadronic tensor in E

(_12)’ ac;_:grdmg ttoc(‘j’J'Eh_lfﬁﬁw +|.Eh_tEX’ Wr,'eLeE“z’_:"Z) different expressions containing the four-momeQ@taand/or
@shift__ Zen,zln roducing the invarian .mawx =5x7Px '~ are possible, and these can lead to different results. For
=(w'+Ep)°-p%, we can write the inelastic hadronic tensor in example, in Ref[30], the modified four momentum transfer

the form Q'* is used, although then a prescription must be used in
N , order to recover the gauge invariance of the nuclear hadronic
v _ , KX . ich i i [ ice. i
WEZ (k\) = —— f deJ d’l—_xWi’ﬁeMl,Mx,K.)\) tensor, which is lost .b'y making .th|s choice 'In Append|x B
4 €€y we present the specific expressions of the inelastic and QE

) = B responses obtained for a given selection of the single-
X (2N + €= &) 0ne — 1), (47 hucleon tensors accounting for the energy shift. Apart from

where u=W,/my and \'=w’/(2my). As in the unshifted the specific form of the tensax*”, the choice of the argu-

analysis, thes function can be used to perform the polar ments of the single-nucleon inelastic structure functions,
angular integration, leading to the result Wy, W5, also presents some ambiguities. In fact, the available

parametrizations fow,,w, that we employ in our calcula-
3NT fpé(x,)\’) /JZW tions are given for free, on-shell, nucleons, while the inclu-

Wiel(x,\) = sion of the energy shift effectively introduces some “off-

27],3:’K

pr(xA") 0 shellness” of the initial nucleon, by altering the energy
do (¢ balance at the vertex where it couples to the exchanged vir-
X; . dewie(e,p"; k,N), (48) tual photon. In this case the bound-nucleon Bjorken variable
<olp’) is not uniquely determined by the final-state invariant mass

and, since no theoretically derived prescriptions exist, one

where the variable’ is defined as : ! ]
has to make some assumptions. As shown in Appendix B,

,_2H Q" 1+i( 2_ 1) (49) the inelasticity parameter selgcted in this wofk, corre-
p = Q7 4, X sponds to the one given §8myw)/|Q?=p'(7'/ 1), where®
is the energy transferred to the nucleon in the system in
and 7' = k?>-\'2. which the nucleon is at rest. This means that in our numeri-
The inclusion of the energy shift modifies the integrationcal calculations, for a given set of values&@fQ?, andp’ we
limits over e in the following way: employ free-nucleon structure functions taken at four-

momentumQ? and Bjorken variable 1.

- FON] 1 12 BN
e=¢glp' )=\ +p“—Np'. (50)
T C. Extended relativistic fermi gas

Correspondingly, the region for the integration oygris As discussed in previous work8,16,18,20, for a fixed

given by value of the invariant masgy, the RFG yields a scaling
function
NIy Ty e~ k7 , , , : :
[p1(k.N"),pa(k,N) ] = {maX{ o () = FL() = Fr() = 2L - DO - 52 (54)
/ which, as a function of the appropriate scaling variafgleis
+
1 +’u—’f(2 +u,) )\EF—,KWF} the same for all values in.P

47 T In Ref. [18] the behavior of the longitudinal scaling func-

(51  tion was studied for the existing world data in the QE region.
This study showed that to a good approximatipfy’) su-

The definition of the inelastic scaling variable becomesperscales, that is, it does not show any significant depen-

now dence on the momentum transferscaling of the first kingl
ooy _ and is approximately the same for all nuclear specssal-
12 __ EO(P ) 1
W=—">1— (52)
€ — 1

The function in Eq.(54) differs from the one used in previous
and the inelastic longitudinal and transverse response fungork [20] by a multiplicative function gF/n§[1+i§F(1+¢’2)]. We

; L~ —\p00 —\£AL 2 o . o2 X
tions, calculated aRq=W%, and Rl =Wk +Wa%,, have  have checked that this is numerically unimportant for all of the
the following general forms: kinematical conditions considered here.
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FIG. 2. Inclusive cross section for electron scattering from car-
bon atE;,.=500 MeV andf,=60° vs the energy transfer. The cal-

FIG. 1. Scaling functiorf pge( %) Of Eq. (58) for the RFG and ~ culation includes an energy shifisyir=20 MeV and the separate
ERFG models. QE and inelastic contributions to the cross section are shown. Data
are from Ref[41].

ing of the second kind An expression for a phenomenologi- nance regions. For the QE contributions, we employ the form
cal longitudinal scaling functiort,,,(¢'), was obtained by factor parametrization of Ref37]. The sensitivity of the
fitting the datg21]. Based on these results, we now make theresults to the different parametrization choices will be dis-
following hypothesis: we assume that tHjs,,(¢'), derived  cussed later.

from the data, provides a good descriptionf6f) ="f, (1) Additionally, for the Fermi momentum and the energy
=f(¢), (“scaling of the zeroth kind’as it implicitly con- ~ shift we will employ the values obtained in Ref20],

tains the initial-state physics, and thus we make, for agy Namely, ke=220 MeV/lc, wgyir=20 MeV for carbon, ke
the following substitution: =236 MeV/lc, wghix=18 MeV  for  aluminum, kg

=241 MeVlc, wgnyi=23 MeV for iron, andkg=245 MeVc,
FL- DO - 5D — fered i) = funin(). (55)  wenin=25 MeV for gold.

To be more specific, we calculate the response functions as A. Cross sections
N In this section we present our results for the cross sections
Rot = 53— &rfmoae(# ) UGE, (56) in the RFG and ERFG models and compare them with the
TTFKITIN available experimental daf8@8—41].
142\ -eg 160 RFG ——
LT - ’ LT
Rinel(<,7) = 3¢ f duxtixfmodel U™, (57) RFG QE -
TEK Y wihresh % 12l (a) RFG inel -~
i i i . M ERFG —-
whereeg=Eg/my is the dimensionless separation energy and ;‘5 ERFG QE -~ 1
=) I ERFG ingl -~~~ |
- 21-¢do -4 model = RFG % %
modet X | fumu () model = ERFG. I
© i .
(58) o S
The functionsfrrg and fgreg are shown in Fig. 1 as func- 0
tions of 4, while the functionsUgf andU"T in Egs. (56) % 00
and (57) are given in Appendix B. 25
IV. RESULTS z @
: : : g
In this section we present our results for cross sections .~ 15}
and response and structure functions. In computing the in- 2
elastic hadronic tensor of E¢47), we employ phenomeno- % 10
logical fits of the single-nucleon inelastic structure functions. 2
The latter are measured in DIS experiments and a variety of < s}
parametrizations fow; andw, can be found in the literature
[15,32—-36, including some variations arising from the dif- 05 = 00 150 200 2o 303"’“350 pre—————
ferent assumptions made for how to extract the neutron ® (MeV)
structure functions from deuteron data. Unless stated other-
wise, in the following we adopt the Bodek al. fit of Refs. FIG. 3. As for Fig. 2, but af,;=2.020 GeV and scattering

[15,32,33, which describes both the deep inelastic and resoangle 6,=15° (a) and 6,=20° (b). Data are from Ref[39].
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In Fig. 2 we show the inclusive cross section fof%€  the normalization of the two functions is the same, namely,
target atE,=500 MeV and 6,=60°. We separate the QE [frrcdis=[Terrcdi=1. One might then naively expect the
from the inelastic contribution. We notice that the shiftedintegral in Eq.(57) which yields the inelastic response func-
RFG model(solid line) yields roughly the right position and tions to be the same in the two models. However, a closer
height of the QE peak, but fails to reproduce the tails of thanspection shows that this is not the case because the inte-
peak, giving in particular an unobserved dip at  gration limits and/or the weighting provided bi}" are such
=200 MeV. On the other hand the ERFG moddbtted that the ERFG integral does not “saturate” as does the RFG
line), while reproducing the data in the tails better, signifi- one.
cantly underestimates the cross section at the peak. This is Figures 3-5 correspond to different kinematical condi-
related to the fact that, as shown in Fig. 1, the peak of theions, namely,E,=2.020 and 3.595 Ge\(SLAC) and E,
ERFG universal functiofficgeg is lower than the correspond- =4.045 GeV(JLab and various scattering angles. Concern-
ing RFG value. Due to the larger extensionfggeg over ing Figs. 3a) and 3b), a similar trend persists, with the

7r 15 7

Z R

oo > ° 10

& E sl

w % 0.5

3 2 4t

= 0

g S 5l 1900

3 3

2 320

8 = 4 [(c)
0 FIG. 5. As for Fig. 2, but at
1900 2000 E;,.=4.045 GeV and scattering

10 F " T angle 6,=15° (a), 30° (b), 45° (¢),

- —~ T 20 and 74°(d). Data are from Ref.
i 2 o8t 15
2 £ [38].
£ E [
o Q F
- ., 6r 05
° Z ot 0
% % 4| 2800
= = i
_— S
3 g 2r (d)
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FIG. 6. Differential cross sectiodo/dwd(), for electron scat- E 25 ERFG % |
tering on iron, shown as a function a&f at fixed |Q?. Panel(a): 20 0 02 04 06 08 1
|Q?=2(GeV/c)?, the experimental points, from right to left, are X
taken at [EGeV),6.(deg]=(8,11.9,(8,12.4,(8,13.6,(9.7, L

11.9,(12,11.8,(15,11.8. Panel(b): |Q%=10(GeV/c)?, the ex-
perimental points, from right to left, are taken
at [E(GeV), 6,(deg]=(15,16.0,(15,17.3,(17,15.0,(17,16.9,(21,
14.1),(24,14.). Data are from Ref{40].

FIG. 7. As for Fig. 6, but afQ?|=5(GeV/c)2. The two data in
the upper panel, from right to left, correspondEg=8 GeV and
0.=22° and toE,=9.7 GeV andf,=19.7°; the data in the middle
panel have fixedE,=12 GeV and, from right to left, 6,

ERFG model significantly underestimating the data in the:12.8,13.3,14.2,15.8,20.6°;the data in the lower panel, from right
region of the QE peak, whereas the RFG is closer to the daff 'eft, are taken at(E.=15 GeV,6.=13.29, (E=17 GeV 6,
(particularly for 6,=20°), although it leaves no room for =13.59, (Ec=24.5 GeVf,=11.19. Data are from Ref|40].

other contributions to be added. Note also that for this scat-

tering angle the inelastic channel starts to be sizable. one plot, whereas folQ?|=5 (GeV/c)? (Fig. 7), for clarity

Examining Figs. 4 we remark that the QE peak, which iswe have separated the data into three sets as indicated in the
more clearly separated from the inelastic region in F{@),4 figure caption. We notice that at large (=0.6) the data are
is again well reproduced in the low-tail by the ERFG, closer to the ERFG predictions, at low (0.1-0.3 they are
while its maximum agrees better with the RFG. On the othegloser to the RFG calculation and for 6%, < 0.6 they lie
hand the inelastic cross section is in all cases underestimates between the two models. This general trend seems to be
by the ERFG, while the RFG alone would roughly accountrespected for all values @? (at least where data are avail-
for what is observed. able.

Similar comments apply to Fig.(8), corresponding to We have also analyzed the effect introduced by different
higher energy and low scattering angle. For higher angleglectromagnetic form factor parametrizatiafi42—44) and
[Figs. %b)-5(d)] the data lie roughly in between the predic- verified that it can produce a +3 % uncertainty at the QE
tions of the ERFG(smalley and RFG(largep models, the peak, but does not change the general agreement/
former again reproducing the low-behavior better. As a disagreement of the models with the data. Moreover, it
general result we observe that as the scattering angle ishould be remarked that, at the energies considered in this
creases the range of validity of the ERFG also increases. section, the contribution from the resonance region to the

Finally, in Figs. 6 and 7 we consider slightly different inelastic part of the cross section is quite important and thus
kinematical conditions, corresponding to fixed value$@  a comparison with results obtained by using purely DIS pa-
in the range 2—-10GeV/c)?, and various electron energies rametrizations34,36 of the single-nucleon structure func-
(in the range 8—25 Ge)vand angleg12°-229. Theoretical  tions is not appropriate. At the higheg? values considered
results for>®Fe are shown as functions of the “laboratory” here[Figs. &b) and 7, the use of different parametrizations
Bjorken variablex, . The data corresponding to a fix€d are  [34,36 does not produce significant variations in the results.
taken at different values oE. and 6, For |Q?=2 and An important comment, already anticipated in the intro-
10 (GeV/c)? (Fig. 6) the various data fit reasonably well on duction, is in order. The RFG and ERFG models considered
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in this study include the 3-1h one-body contributions both observables we have compared the inelastic RFG response
for elastic scattering from a nucleon in the nucleus and forfunctions with the corresponding “unsmeared” ones
representations of the single-nucleon inelastic spectrum,

thereby incorporating effects from meson production, excita-

tion of baryon resonancesotably theA) and, at high exci- Rinsm= ZRsitton* NRyzron (59
tation energies, DIS. However, this is not the entire story: in

this region and beyond effects arising from reaction mecha-

nisms not included here, namely, those coming from correwhere Rlﬁ}-ortor(neutror‘) are the response functions for a free
lations and both f-1h and Z-2h meson-exchange currents proton (neutron at rest in the laboratory franfe.

(MEC) are also importan{3-8,20,22. In particular, in a A similar comparison has been done for the nuclear struc-
recent study[22] effects from D-2h meson-exchange cur- ture functions\/\/’l*vz ;:md/or[:/lf2 of Egs.(43)~(46).

rents were explored for high-energy conditions where rela- In presenting the results we choose the following kine-
tivistic modeling is important. The resulting cross sectionsmatical conditions: we select a relatively lofout typical

are significant in the region above the QE peak and thereforyur-momentum transferr=0.284 [corresponding to|Q?|

tend to bring the totafthe present ERFG contributions plus =1 (GeV/c)?], in order to illustrate the differences between
these additional MEC contributiopsnto better agreement smeared and unsmeared quantities better. The calculations
with the data. While this is encouraging, it is still not the full gre performed for the case &fFe withk-=241 MeV/c and
story, since the p-2h MEC contributions have correspond- they include the energy shift discussed in Sec. Ill B, with
ing correlation contributions, as required by gauge invari-g..=23 MeV.

ance(and as was studied in detail in our previous work on |n Fig. §a) and 8b) the inelastic response functioﬁ${;
1p-1h MEC plus correlation effectr]). The 20-2h correla-  per nucleon are plotted as functions of the energy transfer
tions have not yet been incorporated and thus detailed comhile in Figs. 8c) and &d) the structure functionsxgF; and
parisons with data are somewhat premature. F, are shown as functions of . It is seen that in the reso-

In summary, the RFG model clearly overestimates thenance regiorfsmall panels in Fig. @) and 8b)] the Fermi
low-w data, which are better reproduced by the ERFG modedmearing effects are rather large and completely smooth out
(dotted ling, and the fact that the latter yields a cross section
that is below the data is encouraging, since this leaves roo

for the above-mentioned effects to provide the balance. ’The Bodeket al. fit we employ to describe the single-nucleon

structure functions was obtained from data on cross sections assum-
ing a constant ratier / 01=0.18. When the fit is used to evaluate
the separate responses at relatively |4/, this may lead to some
“spurious” effects, such as the bump observed in the unsméxred

In the RFG framework the only effect of the nuclear me-at »=0.86 GeV, corresponding to the resonance. This indicates
dium arises from the Fermi motion of the nucleons inside thehat new and more precise fits of the nucleon structure functions in
nucleus. To quantify the impact of the Fermi smearing on thehe resonance region are needed.

B. Response and structure functions
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the resonance structure of the single-nucleon responsediscussing second-kind scaling, we proceed as in past work

while in the DIS region(largew or smallx, ) almost no effect [20] where these datdor carbon, aluminum, iron, and gold

of the nuclear medium is observed. were used to obtainl~subtracted” transverse response func-
To illustrate the kind of effects introduced by the energytions and then transverse superscaling functions.Thab-

shift accounted for following the procedure presented in Ap4raction was performed by assuming a universal longitudinal

pendix B, we show in Figs.(®) and 9b) the hadronic re- superscaling function fi"ves3(y/)=foc(4') (see Sec.

sponsesR-T, as functions ofw. The energy shift has been 11l C) and reconstructing from it the longitudinal cross sec-

taken to bewgy=23 MeV. We present separately the QE tion:

and inelastic channel contributions as well as the global re-

sult. A similar analysis for the structure functions B and

F2, as given in Eqs(45) and (46), is presented in Fig.(8) B

and 9d). Note that the effects introduced by the energy shift 2= ke vGLow- (60)

are observable in the QE peak and tend to disappear increas-

ingly rapidly when moving to the inelastic region. In particu-

lar, it is interesting to remark that the longitudinal responses, was then subtracted from the total inclusive cross section

seems to be more sensitive to inclusion of the energy shifiin order to obtain

This is connected with the large terms enteringDh (see

Appendix B). In this case the energy shift effects remain

funiversal
L

-
o

evident even at very large. ol B
. |ERFG ——
C. Scaling functions MQ 3 . Ny

In this section we investigate more closely the second- Qg st A Y
kind scaling behavior within the context of the inelastic RFG S 4|
model. Since the second-kind scaling analysis involves com- & 4l
parisons of different nuclear species at the same kinematics 3 sl
and since a large “reach” in densityr equivalently in Fermi %
momentun is advantageous, we add the case of gold to the ™ 2r
discussions above. o

In Fig. 10 we plot the inclusive cross sections on gold for 0 ““:&) 200 600 800 1000 1200 1400 1600
the kinematical conditiong;,.=3.6 GeV,#,=16°, and com- ® MeV)
pare them with available experimental data, taken at SLAC
[39]. FIG. 10. Inclusive cross section for electron scattering from

Since it has been found to be desirable to have separatpld, atE;,.=3.6 GeV andd,=16° vs the energy transfer. Data are
information on longitudinal and transverse responses whefitom Ref.[39].
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In Fig. 11 we show for the case of gold the-Subtracted”
(according to the procedure described abalata forR" and
compare them with the theoretically calculafY including
both QE and inelastic contributions. Note that the transverse
results obtained via this subtraction procedure display a
shortfall at high inelasticity of “data” versus inelastic RFG
modeling, which is not apparent in the total cross section
shown in the previous figure. This can be due to the fact that
in subtracting the longitudinal part, when elaborating the
data, we may be using a longitudinal cross section that is too
small, or, when assuming a certain parametrization for the
single-nucleon ratiav,/w; (related toR) to obtain the theo-
retical curves, we may be indirectly assumingj,athat is too
large. Moreover, as discussed above, there is still a

FIG. 11. Transverse response function for electron scattering@p-2h MEC plus correlation contribution to be taken into
from gold, atE;,.=3.6 GeV and¥,=16° vs the energy transfer. The account(note that the @-2h MEC contribution is predomi-
“data” are obtained from measured inclusive cross sections byantly transverse and so this result is not unexpected
means of thd_-subtraction procedure described in the text.

ET:dO'_EL

and then

In the above equations, according to R&0],

B (KZ/T)[éE + \7V2AH
ST o1+ g1+ yR)2)

27G2, + WoA]
GT:
21+ &(1+4'?)/2]

with A} defined in Eq.(B11).

7.0 T T T T T T T

(61)

(62)

(63)

(64)

(65)

Similar results are obtained for the superscaling functions
f(y/) and f{(¢'). In Fig. 12 the total scaling functiof is
shown as a function of the QE variablg for the four
nuclear species under discussion, within the RIE& pane)
and ERFG(right pane) models, at the same kinematics of
Figs. 10 and 11; experimental data are obtained from the
measured inclusive cross sections divided by

om(v G +v7Gy) (66)

and the curves are obtained by dividing the theoretical inclu-
sive cross section by the same quantity as in (66).

Finally, Fig. 13 (corresponding to Fig. 5 of Ref20])
shows the transverse superscaling functfgfy’), at the
same kinematics, again in the RFG and ERFG models. The
“data” are obtained from the experimental inclusive cross
sections according to Eq$60)—(63), while the curves are
obtained by dividing the theoretic®" of Egs. (42), (BS),
and(53) by Gt. Again we observe that, the discrepancy be-
tween data and “theory” is larger for the transverse case than
for the total scaling functions at this scattering angte
=16"°. This indicates that extra contributions should be

total f

7.0

FIG. 12. Total superscaling
functions f(y’), as described in
Sec. IV C, for the kinematical con-
ditions E¢=3.595 GeV and 6,
=16°. Theoretical results obtained
within the RFG are shown in panel
(a), while the ERFG case is pre-
sented in pandlb).
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added to the nuclear model, going beyond the present onéigh-energy transfercorresponding to smaller scattering
body description, and that these must act mainly in the transangle$ and overestimates the data when the inelasticity be-
verse channel. We have also checked that, in agreement witomes very high(large scattering anglgsin parallel, the
what previously observed, whefhincreases the difference ERFG underestimates the inelastic cross sections-2§%
between total and transverse superscaling functions is mot smalld, approaching the data #w) increases.
and more reduced and thus the disagreement between data(3) By analyzing the results in terms of the laboratory
and theory becomes the same foand f. Bjorken scaling variable, it is seen that the RFG_ works
When examining the last two figures we see that the basitather well at lowx, (0.1-0.3, whereas the ERFG is more
trend in the second-kind scaling behavior is present in th@pPpropriate to describe the high{=0.6) data. _
inelastic RFG modeling: for fixed kinematics the heavier nu- (4) A phenomenological energy shift is needed in both
clei with the larger values dé: have the higher responses at models to reproduce the QEP position, but it is irrelevant in

high inelasticity, and by roughly the right amount. the highly inelastic regio_n. Moreover, concerning the sepa-
rate responses, the longitudinal one appears to be more sen-

sitive to the energy shift.
(5) The main impact of the nuclear medium on the re-
V- CONCLUSIONS sponses and cross sections consists in washing out the reso-
We have studied highly inelastic electron-nucleus scatterd@nce structure present in the single-nucleon responses as a
ing, from the resonance to the DIS region, in a unified rela£onsequence of the Fermi motion of nucleons inside the
tivistic framework. In particular we have calculated inclusive "UCl€US. In contrast, such an effect is negligible in the DIS
cross sections, response functions and scaling functions #F9'Me-
the relativistic Fermi gas and in a phenomenological exten- The above findings point to the importance, in an inter-
sion of it, named the ERFG, based on a fit of the scalingnediate region of energy transfers, of ingredients which are
function in the quasielastic region. We have explored allnot included in the present approach, such as meson-
high-quality experimental data available in the relevant highexchange currents and correlations, in both-1h and
energy domain, involving energy transfers from zero up to2p-2h sectors. Preliminary resulf22] seem to indicate that
~3 GeV. the 2p-2h MEC may play a crucial role in improving the
As discussed in detail in the results section the compariagreement with the data, although a complete and consistent
son between the data and the theoretical models is strongbalculation of correlations and currents is still to be realized.
dependent upon the kinematics. However, a few general feak separate analysis of the longitudinal and transverse re-
tures emerge from our analysis. sponse functiongor, equivalently, of thé-; andF, structure
(1) In the quasielastic regime the RFG model approxi-functiong based on the scaling approach shows that these
mately accounts for the experimental strength of the peakmnissing contributions should be mostly active in thehan-
but fails to reproduce the low-tail of the cross sections and nel, thus supporting the relevance of meson-exchange cur-
predicts a pronounced unobserved “dip” to the right of therents.
QEP. On the contrary, the ERFG model, while correctly re- Finally, it is interesting to note that the disagreement be-
producing cross sections at low-energy transfer, always urtween ERFG predictions and the experimental results is not
derestimates the data around the peak. peculiar to the specific functional form of the phenomeno-
(2) In the highly inelastic part of the spectrum the RFG logical QE scaling function we have employed, but is essen-
roughly yields the experimental cross section for not toatially linked to its asymmetric shape. In fact, we checked that
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a simple “toy model” asymmetric scaling functigrespect- JZW dod (¢r

2w dd (<
. . . . A i — il 2 2
ing of course the correct normalizatjpqualitatively yields o dex#? = JO wa ( )d?[ﬂkfcl‘x”+ nata”
€olp

similar results. We believe that the physical origin of this 0 cole)
asymmetry is certainly worth further investigation. + Gt + ey + pea(kMal + at k)
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APPENDIX A: INELASTIC TENSOR IN RFG
In this appendix we derive the general expressionfét  whereD(k, r,p) is given by Eq.(41), and
that enters in the hadronic inelastic tensor in E2p). By

. . . 2 € 2 €
Tdo [F Tdo [F 1
using Eqs(26) and(22) we can write the hadronic tensor as f den? = f de=(1+ T?]ﬁ + 7]5 + 775)
eo(p) op) T

follows: o 2m o 2m
BN7 [Pl (27 g (eF = (&5 — €0) O(&r — €9)| 1 + 7p?
Wiz =25 [ [ T2 -yt (67~ e0)es = o) 1+ 70
TER S paen) 0 “ole) +3D(k,7,p)], (A11)
M,V
X(gw+ KK > +Wy(7, p) kKK and observe that
T
ata”  ktk¥
MtV 4 gLV — UV —
"'Wz(T,P)X’W], (A1) bty =—g"+ = (A12)
having defined By inserting the above relations into Eg\1) we get
V— v v v 3N7' I’Z(Kv)‘)
XEr= "+ p(o" "+ ). (A2) Wiai(k,N) = —— f dp(er — €) O er — €) U (, 7,p)
. . . TTEKY py(k\)
To evaluate the above integral it is convenient to expand the
four-vectorz* (which is normalized tap, 7#=1) in the basis (A13)
a*=(k,0,0\N), k*=(\,0,0,k), t4=(0,1,0,0, t with
=(0,0,1,0, namely,
1
7= e+ @+ e+ by (A3) U (k,7,p) = — {Wl(%p) + EWz(T,p)D(K, T,p)]
with w v
><< o £ X )+W(7’ )| 1+ 7p?
=1 COS b=~ p, (A4) ¢ 7 2TP P
3 ata”
1 +=D(k,T, : Al4
Na = ;(f"' \p), (A5) 2 (x Tp)j| r ( )
From the above expression the longitudinal and transverse
7= 71 Sin 6,cos P, (AB) components in Eq€36) and (37) immediately follow.
The tensor in Eq(A13) coincides with that in Eq32) if
7y = 7 Sin Gesin ®. (A7)  the scaling variabley is introduced through the relation
The integral of the tensor in E§A2) then becomes € — €= & (1= g2 (A15)
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APPI-ENDIX B: I.NCLUSIO.N OF THE ENERGY.SHIFT - 2H-Q’ W)’(z_ mﬁ + |Q’2| ,7.'

In_ this append|x we derive explicit expressions fc_)r the QE p= I°g = I°g =p ~ (B6)
and inelastic hadronic responses for the case in which a small
energy shift is included in the analysis. As me'n'tioned in SeCyhich coincides with the expression given @nya)/|Q?,
I\./’ to proceed one needs to assume a specific form for thﬁ/ith o being the energy transferred to the nucleon in the
s!ngle-nucleon tensors and the varla_ble de_per_1dence Qf NS stem in which the nucleon is at rest. One should be aware
single-nucleon structure functions. This choice is not uniquep . other alternatives exist, in particular, one can consider

and hence, some ambiguities enter in the analysis of the "he inelasticityp corresponding to a free nucleon at rest with
sults. Here we adopted a specific stratégge below, how- final-state invariant mass equal i,

ever, the cautlon_ary statement should be made _that other The ambiguity introduced in the inelastic responses due to
choices are possible and that these can lead to different e energy shift is also present at the level of the hadronic
sulg_shfor the .(f).bsfervabk?st.h inal | ¢ h QE response functions. Again, the problem is directly con-

€ Specific form of the single-nucieon tensor We Nave,q.teq with the form assumed for the single-nucleon tensor.

selected is For consistency with the formalism used in the inelastic
_ KM Y 5 7K channel, in the QE process the single-nucleon temggris
Winer= = Wi(7,p){ g*"+ . +Wy(7,p)| 7+ K taken to be
K Y . KK 7K
><(71V+ - K”>. (B)  whe= —wl,QE(r)(gf* + >+w2,QE(r><n”+ T"“)
N . T _
The longitudinal and transverse hadronic functiths' that X<ny+ 7 KKV). (B7)
result are T
2
ULt = i[(l + 70" )Wy(7,5) = Wy(7,p) The hadronic QE response functions within the RFG model
T are given by
+Wo(7,p) D[ (K, T, Nshito )] (B2)
5 5 ReE= 55 —&(1-¢/ A0 -yAUgt (B9
UT = 2wy(7,5) + Wo(7,9) D1k, T A ghirep’),  (B3) KN
where with the structure functions
' ' 12 1 [ 1 ’ 12 L K2
D1k, 7 hghitop’) = (L — ;\“‘7' (1+7p') Uge= 7[(1 + T)Wo o/(7) = Wy g((7) + Wa el( )AL (7, 6, Nspiry) ],
1 7 , (B9)
+ 5&;(1 + ‘ﬂxz } , (B4)

Uge= 20y (1) + Wo o DAT(T, k Agpi) . (B10)
, . 7| (NT'p’ A 2
D (1,7 \shitoP’) = 3| | = + L+~ Nenirt
K T T

N p' A \
tl———*+ 1+ Ngpire)| 1+ ;Ashift

The nuclear structure dependence is contained in the terms
A[ 1 in the form

T T , | 1 7 ,
\ 5 AT(K,T,)\shifﬁsz(l‘lﬂZ){;\T(l"'ﬂ"‘éfp?(l“ﬁz)}
XE(L+ i) + (1 + ;)\shift> (B11)
1 2 12 14 12
X§§F(1+¢X+ )| =@ +7p"). , r 7 A 2
A (K, 7, Nshity) = 2 7\: +1 +;7\shift
(B5)
. . ! A A
Notice that terms like(\/ Dhgnr and 7 /7=1-(\2,¢/ 7 + ()\1 +1+ —)\Smft> (1 + —)\Smﬁ)
+2(\ D\gniry appearing inD/, can become large when T T T
X =N/ 7is small, even if\g;; IS small. We repeat that the 2 N 21 2 2
above choice for the single-nucleon tensor is not unique, XE(L+y)+(1 +;)‘shift égF(l iy
and that other choices involving the four-moment@ft
instead ofQ* are possible. Moreover, the arguments of the YN
single-nucleon inelastic structure functions,, should be O - A ). (B12)
also considered carefully. As discussed in Sec. IV, here
the inelasticity parameter, denoted7asis given by The scaling variable)’ is given by
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¢’2=§l<m/%+1—x’—1) (B13)
F

and the electromagnetic structure functions by

Wy oe(7) = Gy (1),

PHYSICAL REVIEW C69, 035502(2004

G&(7) + 1G(7)

W oe(7) = 1+,

with Gg ) the proton or neutron Sachs electromagnetic form
factors.

Finally, the “total” response functions are evaluated by
adding the above QE responses to the inelastic ones, i.e.,

LT_pLT LT
ot_RQE+ inel*
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