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Inclusive transverse response of nuclear matter
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The electromagnetic inclusive transverse response of nuclear matter at saturation density is studied within
the correlated basis function perturbation theory for momentum trangférsm 300 to 550 MeW¢. The
correlation operator includes a Jastrow component, accounting for the short range repulsion, as well as longer
range spin, tensor, and isospin ones. Up to correlated one-particle—one-hole intermediate states are considered.
The spreading due to the decay of partid®le) states into two-particle—one-holewo-hole—one-particle
states is considered via a realistic optical potential model. The Schiavilla-Pandharipande-Riska model for the
two-body electromagnetic currents, constructed so as to satisfy the continuity equation with realistic
potentials, is adopted. Currents due to intermediaisobar excitations are also included. The global contri-
bution of the two-body currents turns out to be positive and provides an enhancement of the one-body
transverse response ranging fren20% for the lower momenta te- 10% for the higher ones. This finding is
in agreement with the Green’s function Monte Carlo studies of the transverse Euclidean respanrsg4n
nuclei and contradicts previous results obtained within the Fermi gas and shell models. The tensor-isospin
component of the correlation is found to be the leading factor responsible for such a behavior. The nuclear
matter response is compared to recent experimental dafdGanand®®Fe.[S0556-28187)04801-1

PACS numbds): 21.65+f, 21.30.Fe, 24.10.Cn, 25.70z

I. INTRODUCTION at the quasielastiéQE) peak. On the other side, theoretical
realistic calculationgfeasible in the longitudinal casdave
The cross section for inclusive electron scattering at interbeen so far prevented by the complicated structure of the
mediate three-momentum transferg<{600 MeVk) has transition operator, containing one- and two-body currents.
been the object of many theoretical and experimental invesn light nuclei (A=3,4) only the Euclidean transverse re-
tigations. In the one-photon-exchange approximation the difsponse, with the full current operator, has been computed

ferential cross section is given by [11] using the exact Green’s function Monte Caf®FMC)
o2 4 2 technique and the realistic Argonng, NN interaction[12].
o :UM{q_ZRL(qaw)J’_ tar? f) _ q_uz RT(q@)}, The QFMC techniqu.e cannot be presently adopted in heavier
dQdo q 2] 2q nuclei, and so studies d®:(q,w) in these systems either

@ have considered only the easier to address one-body piece
[13,14 or have treated the two-body meson exchange cur-
rents (MEC’s) within independent particle model($PM’s)
[15-17. The MEC’s were found to substantially increase the
sponse. one-body response in Rdfl1l], whereas the IPM calcula-

The total cross section is indeed well described by éion_s_ of Ref.[17] point to a sli_ght reduction. It is worth )
simple Fermi gagFG) model[1], but the agreement disap- noticing that the aforementioned latest .heavy-nuplel-
pears when the longitudinal-transverse/T) separation Separate®Rr(q,») show a good agreement with theoretical
[2-9] is carried out for medium-heavy nucld?, is largely ~ ésponses containing only ong-body curre{@ﬂs downplay.-
overestimated by the FG model. However, the quenching ofd the role of the MEC's and in contrast with both the light
the longitudinal response is now well understood in terms ofuclei case and the oltfCa data.
short range dynamical correlations, induced by the strong Aim of this work is to use CBF theory to compute the
nucleon-nucleonN) interaction, and of nucleon degrees of symmetric nuclear matter transverse response in order to
freedom alone. ascertain how it is affected by tiheN correlations. Particular

In Ref.[10] a realistic model of correlated nuclear matter attention will be devoted to their influence on the MEC
(NM) was used to studR, (q,w) at the NM empirical satu- contribution. The results presented in this paper have been
ration density, in the framework of the correlated basis func-obtained within the exchange current operator model
tion (CBF) theory. The density-dependent nuclear matterdeveloped by Schiavilla, Pandharipande, and R{S&R in
CBF results have then been used in R6l.to estimate the Ref. [18]. The SPR model satisfies the continuity equation
longitudinal response in’C, “°Ca, and*Fe in the local linking the current to théNN interaction and contains inter-
density approximatiorlLDA). The overall agreement with mediateA-isobar excitations. For the sake of comparison,

where oy is the Mott cross sectiong’=w?—g? is the

squared four-momentum transfet,is the scattering angle,
andRy (1)(q,w) is the longitudinaltransversgseparated re-

the experimental data was shown to be satisfactory. also the standard one-pion-exchange currents have been
The present understanding B§(qg, ) is more uncertain. used.
Recent experimental/T separations irf°Ca[6,9] have pro- In nuclear matter, CBF calculations are based upon a set

vided a transverse response lower than previous estirftes of correlatedwave functions
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II. CURRENT OPERATOR AND THE CBF THEORY

Iny=3§ INec, 2 OF THE TRANSVERSE RESPONSE

ljj f(i,j)

. ) . The transverse respon&g(q, w) is given by
obtained by applying a symmetrized product of two-body

correlation operatord(i,j), to the FG statefn)gg. An ef-

) AT 1
fective structure forf (i,j) is Ri(q, )= K; 1€0]§ (@) |n)|28(w— wp), (4)
ii)= @¢r..) O . . .
FeLD) q;mf (ri) O;f” where the sum goes over the intermediate excited states
In), having excitation energw,, andj(q) is the electro-
oi<jq=1:6):(1,ai -07,5)®(L7-7), ©) magnetic current operatgr(q) has contributions from one-

bodyj)(q) and two-bodyj(?)(q) exchange currents. In the
S;; being the tensor operator; this operatorial dependencienpulse approximatiorlA) only j()(q) is retained.

resembles the structure of theN interaction. Additional j®(q) is the sum of the convectiof¥)(q) and magneti-
spin-orbit correlations are often considered in realistic NMzationj{}(q) terms. However, it is known that the convec-

ground state(g.s) studies; however, they will not be taken tion current contributes significantly to the non-energy-
into account in this workf (i, ) depends upon a set of varia- \ejghted sum of the response at very lqwalues, where it
tional parameters, which are fixed by minimizing the expecyecomes dominanf25]. At momentum transfers=150
tation value of a realistic, nonrelativistic Hamiltonian on the pev/c it provides only a few percent of the total sum, with
correlated ground state. The g.s. energy is calculated via thg correction going as d?. For this reasonj{!)(q) has not
Fermi hypernetted chaifFHNC) cluster summation tech- been considered here and we have appro;imated

nique [19] and the operatorial contributionsq$1) are
implemented by the single operator ch&aBOQ (and suc-

cessive improvementapproximatior{20,21]. We have used i)~ D(q)=16(q, ) Ko > €9 g 1t

the correlation corresponding to the Argonng+Urbana €i=1A 2

VII three-nucleon interaction model of Rdf21]. A model 1—

with a weaker tensor forcghe Urbanav 14+ TNI interaction +un E: o, %0, (5)
[22]) was adopted for the CBF studies Bf (q,») in Ref. 2

[10] and of theL/T spin responses in Rei23].

The correlation given in Ed3) contains &y=1 scalarfor ~ wherey, is the nuclear magneton andg, ,, are the nucleon
Jastrow componentf’(r), almost vanishing at short dis- magnetic moments. The dipole parametrization has been
tances, so that configurations where two nucleons are closssed for the nucleon form fact@(qg,w), with a scale pa-
enough are essentially suppressed in the wave function beameter of 839 MeV. Studying the dependence of the re-
cause of the short randgéN repulsion.f(r) heals to unity at  sponse to the different available parametrizations of the elec-
large distances. The most important among the remaininfomagnetic nucleon form factors is beyond the scope of the
components are, by far, thgg=5, spin-isospinf?”(r) and  present paper.
theq=6, tensor-isospint!"(r) ones, which are related to the  j{}(q) can be written in terms of the isoscalar and isovec-
Fn?-pion—exchangéOPE) long range part of the potential tor transverse spin fluctuation operatpis, (q),

21].

The response is computed by considering up to correlated 1
one-particle-one hole (@lh) intermediate states. Admix- Pg(?(Q):—E e'9Mi(g X q)(7 ,), (6)
tures of correlated particléhole) states with p1h(2h1lp) ’ 2i=1A '
ones are accounted for by the optical potential model of Ref.

[24]. This model has been proven to be fairly accurate in theand, correspondingly, the IA electromagnetic response is re-
momentum region scanned here, at least for the longitudinahted to the spin structure functioﬁg'f,(q,w) by
responsd10]. No correlated p2h intermediate states have '

been considered, since they contribute mainly at larger ener- 2
gies than those of the QE pefik7], which is the focus of RAG,0) = ~2| |G(q,0)|x2S2 (g, o)
this work. A peak due the excitation df resonances is also eV2 '

present in the transverse response at high energiesAThe 2 1

peak is, however, well distinct from this quasielastic one and +uZSro(a,0)], @

it has not been studied in the paper. It would have required

the introduction ofA degrees of freedom in the nuclear wave Wherew . = uy* 11, . S¥5(0, ) have been computed in Ref.

function. [23] in FHNC SOC. So the details of the CBF calculation of
The plan of the paper is as follows. The CBF approach tdhe IA transverse response will not be discussed here.

the transverse response is sketched and the current operatorsMost of the studies on exchange currents are based on

are briefly described in Sec. II. Section Ill is devoted to thesimple meson exchange mechanims, in a nonrelativistic de-

discussion of the matrix elements of the current. The numeriscription of the nucleon-mesak-systemg 26]. In this case

cal results are presented and discussed in Sec. IV, togethBIEC’s associated with one-pion exchange are given by the

with a comparison with some of the available experimentalsum of three terms, obtained by the corresponding Feynman

data. Finally, some conclusions are drawn. diagrams: the contact or seagull tejﬁﬁ)m(q), the pionic or
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pion in f||ght termj (2)(q), and theA term](Az)(q) associated The MD part of the current was associated withand

m

with the excitation of intermediata resonances. Analogous » MEC’s with intermediateA excitations and @7y and
contributions arise from one-rho exchange. Their expressiong@ 7y currents, all of them treated within the OBE model.
can be found in several papers and, among them, in Ref he last two currents will not be considered here. Later,
[18]. These currents are consistent WHIN potentials based A'’s were explicitly included in the wave functidi27], in-

only on one-boson exchang®BE), and so the continuity Stead of introducing effective two-body operators acting on
equation nucleon coordinates, as in standard first order perturbation

_ theory. These components were generated by transition cor-
V-i(xry,r2) H1lv(ry,ra),p(x)]=0 (8  relation operators)|i®=U}*+UiN+U;* acting on realis-
tic nuclear wave functions and obtained via the Argonne

with realistic potentials is not Sat'Sf'e.d' v,g [12] potential, which contain\ degrees of freedom.
In Ref.[18], the authors have derived exchange currentﬁ_|ence N—A and A—A transition operators were intro-

satisfying Fhe continuity equation with Argon_ne and Urbanaduced in the one-body current. Tie contribution to low-
v14 potentials. The current was separated in the sum of &

model-independentMI) component, constructed from the energy electrowe_zak transitions was found to be small_er than
: . that of perturbative theories as a consequence of this more
NN interaction, and a model-depend€iMD) one, purely

transverse and aiven by the opreviously introdusednd realistic approach. It was also noticed that a first order per-
AR given by prev y P~ turbative treatment, consistent with that of RE#7], is ob-
MEC's with intermediateA excitations.

The most important MI currents are those associated Witﬁamed by using

the isospin-dependent parts of thNeN interaction. The cor-

, L2) gy i(2) (2) O™ (ry)
responding current operatof&(q), j{?(q), andj{Z(q) are ug®O™(r) = -y 9
given in Ref[18]. They are expressed in terms of the Fourier ! My— My

tranforms of they "(r),v ?7(r), andv'™(r) parts of the poten-

tial [18] and reduce to the standattlandp MEC's if the  for theN— A spin- and tensor-isospin transition correlations,
OBE interaction is used. Argonng, has been used to gen- wherev“®™" are the corresponding transition components of
erate the MI currents: they are close to those duertand  the Argonev ,g potential.

p exchanges, even if the interaction does not strictly have the The intermediaté\ current generated in this way will be
OBE form. used. Its configuration space expresdi@g] is

jﬁ&<q>=uéGA<q,wm7NA; [e'97i(47 A[ug?" (1) —upi(r)]o;x g+ 3ufi(r)ixq(o;- )}

— (X 1) ALUET (N = UFF(N](0y X 07) X g+ U7 (1) (o7 X F) X a(aj- )} +i=]]. (10
|

r=r;; and u,na=3uo is the transition magnetic moment MEC 1 .
adopted in Ref[27], whose value is-30% smaller than the RT(q,0)= ;E [€0[j (@) [n)[*8(w—wp).  (14)
static quark model predictiof29]. For theA form factor we
take

2\ -2 g2\ 12 RM(q,w) and the leading term iRY5%(q,w) only have

Ga(q,w)=| 1+ A—’E 1+ A_l; , (1)  been computed.
1 2

Let us now shortly discuss the most important aspects of
where the cutoff masses are,=1196 MeV andA,=843 the CBF perturbative expansion. The goal of using a corre-

MeV. lated basis, embodying directly into the states some of the
As a result of the separation of the current into one- andelevant physical effectéas the short range repulsioris to
two-body pieces, the response is given by obtain a rapidly converging expansion. The obvious price to

A it MEC be paid lies in the greater difficulty in evaluating matrix el-
Rr(0,0)=R7(q,0) +Rr(0,0) +Rr=7(q,0), (12 ements, even at the zeroth order. However, nuclear matter
studies demonstrated that CBF-based perturbation theory is
actually fast converging, in the sengg that for many ob-

where Ri-Pt(q,w) is the interference contribution between

i®(a) andj*X(a), servables the zeroth order is already a good estimatdiiand
. 1 that the inclusion of the first CBF intermediate states is often
RT(q,0)= KE [(O[j(a)|n){n|(j®(a))T|0)+c.c] sufficient to provide a quantitative agreement with the em-
n pirical values. This happens for ground state properties, as
X 8(w—wp), (13) the energy30] and the momentum distributid81], as well

as for the already mentioned longitudinal and spin responses
and and the nucleon spectral functif82]. The inclusive electron



55 INCLUSIVE TRANSVERSE RESPONSE OF NUCLEAR MATTER 341

scattering cross section at high momentum transfers has betongitudinal response calculation of R¢fL0]. In Ref. [24]
computed in Ref[33], using the CBF spectral function, and these corrections were estimated by folding thelh re-

satisfactorily compared with that extrapolated from data Ofsponse with a widthW(w) given by the imaginary part

laboratory nuclei. : A
Hence, relying on these facts, we will comp®Re(q, ) Wy(w) of the optical potential divided by the nucleon effec-

by inserting in the intermediate state summation of &. tive mass,
only correlated plh states:
1 Wi
RT<q,w>=;f dw'R%““(q,w')(w_w,)(z‘f;)w(w)z,
=8 11 1(1.J) |Iph)ee. (15 17)

QWith Wo(w) ~110%/(4900+ ?), in MeV. This procedure,
]numerically much less involved and equivalent to retain the
n-energy shell part of the self-energy only, was checked to
e reliable in the momentum region of interg$0] and, for
this reason, has been adopted here.

This choice is also justified on the ground that we ar
interested mainly in the QE peak. The quantitative study o
the large energy region would have required the insertion o
higher excited states with both nucleorias 202h) and ex-
plicit A isobar excitationgasA-h).

The 1plh transverse response is then given by
Ill. CBF MATRIX ELEMENTS OF THE CURRENT

1 . This section will focus on the main features of the MEC
R%plh(q’“’) - K% [€0li(@)|ph)*8(ew— €ten), (16 CBF matrix elements. As far as the Ml currents is concerned,
only the leading (st),(q) will be discussed. However, the con-
wheree,_, ,=(x|H[x)—(0[|H|0) is the CBF variationalor  tributions of the less influeri{?(q) andj{%(q) have been
zeroth order single-particle energy of the state. evaluated and will be presented in the next section.
The Ip1h response has sharp energy boundaries, qualita- The configuration spadeS current is written as a sum of

tively like the Fermi gas, ruled by the real part of the CBFwo termsj (% () andj{ ,(q). The first one coincides with
optical potential,U,=e,—#°k*/2my [30]. The decay of @ (4) for the one-pion-exchange potential, the latter with
1plh states into p2h ones has the main effect of introduc- i?)(q). Their expressions are

ing a large energy tail and redistributing the strength. In the ™ |
perturbative expansion this is accounted for by self-energy
insertions on top of the particle or hole line. The real part of . » _ e Al
the self-energy provides a perturbative correctie to the Jgéc(q)_CPSizq 3(m X 7)) gps(r) oi( 0y 1) +i=]}
variational single-particle energy and the imaginary part in- (18)
duces the spreading of the response to highalues. The

microscopically computed CBF self-energy was used in thend

. Gpsal(r) . N Gpsa(r) Gpga(r)
Jgs),w(q):CPng 3(m X 1) ,L4R Prszl [oi(oj-T)+oj(oi-T)+T(oi-07)]+1 Po2 ai(oj-q)—1 PS3 aj(oi-q)
Gpsall) . . Gpgs(r) ., . . Gpsdl) .. . .
— IR (07 ) (07 ) R (07T (01 )~ GNP (01 0) (0 ) — g T (0 P) (0 P) |
19
|
The functionggp4(r) andGpg,-; Ar) are defined in Ref. 67,
[18], R=(r{+r})/2, andCps=G(q, ). Epsc(iP.h) = 8q_p4nICps—=——=py
In CBF theory the nondiagonal matrix elements vD(p)D(h)
Eps.c(m(aP.1)=(0li & c((a)Ip.h) are computed by clus- I
ter expansions in Mayer-like diagrams, built up by dynami- XJ drges(r)gec(r){e® " (r—1oXr)
cal correlationsf(Pf(P)— 5., 5,; and by exchange links. In- o A
finite classes of cluster terms containing Jastrow correlations +e™(r+ioxr)}, (20)

are summed by FHNC. Less massive summations, similar to
SOC's, can be performed for the operatorial correlationsvhere r,= Tp2=Thz, 0= 0p=0h, D(X=p,h)=1-X(X)
[10,24. (see Ref.[24] for the definition of X.o), Qec(r) is

In the case of simple Jastrow correlated wave functionshe exchange FHNC partial radial distribution function
(f9=1=0), §ﬁ,sc is given by [19], and pg is the nuclear matter density. At the lowest
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FIG. 1. gps functions for the Argonne 4, dps(A14), and the FIG. 2. f{, functions for the Argonne,g, 3 Az), and the

7 exchangegp(), potentials.g..(FHNC) andg.(FG) are the  m exchangef; ), potentials.
correlated and uncorrelated exchange functions, respectigely

text). checked to give small corrections.

order of the cluster expansiomd(x)=1 and gec(r) Following the above scheme for the treatm(int of the
= cc i xc -

= —[2(r) ]2 (ker)/4, wherek is the Fermi momentum and ?a;idcg)r/ril]aetl?enjfggn%e:?ss an exchange patpsc ob
| (x) =3[ sinX)—xcosk)]C is the Slater exchange function.
So Jastrow correlations suppress the short range part of the
pionlike exchange interaction. This effect is visualized in Gee(1)F—Geo(F)F
Fig. 1, where the Argonne,, gps and the FHNGg,. func- ce ce
tions are shown. Moreover, the figure compares
0c.c(FHNC) with its uncorrelated Fermi gas counterpart, £97(r) — f17(r)
O0cc(FG)=—I(kgr)/4, to stress their different short Jec(MN (T XT)—=ge(r)I1(oXT) J—]
distance behaviors. Finally, the simpler exchange f(r)
gps(q-r)(fi/47r:0.081) is given. As was already stated, it (22
results in being close to the fuljps.

Equation (20) sums all cluster diagrams factorizable
in products of dressed two-body diagrams.

for(r)—4f'(r)
1+2—fJ(r) ] 21

1+2

in Eq. (20), and a direct one

Nonfactorizable diagrams involving three particles have also g D=8 C 67, dr N
been taken into account, even if they do not appear in the Psc(diP. a=prh=PS D(p)D(h)Po Gps(
expression.

Operatorial correlations were introduced in Rg#3] for X[Gqd(r) +ge(r)1e9 21(aXT)
the spin responses within both the dressed two-H@83B) fonip)— fir
and the SOC approximations. In the first approximation clus- ( M] (23)
ter diagrams containing Jastrow correlations are summed to f(r) ’

all orders, while contributions from the other components are

evaluated at the two-body levéit corresponds to thav,  Where guqqe(r) are the direct-direct and direct-exchange
approximation of Ref[20]). The D2B approximation came FHNC partial distribution functions.

2 . . o .
out to be very accurate and it has been used here to evaluatel$4c(d) is the leading two-body current and itis the only
the IA response. A linearized version of this approximationone used to estima®y(q,w) of Eq. (14).

(D2B/L), including only contributions linear if?"'7, has j2 .(q) is the sum of several components. Following an

been adopted for the MEC matrix elements. However, inobvious notation, we will refer to the corresponding parts of
some cases quadratic terms, as well as those containing tite matrix element agps ,(Gps =17 . They are given in the
other operatorial components, have been computed anéippendix.



55 INCLUSIVE TRANSVERSE RESPONSE OF NUCLEAR MATTER 343

In presenting the matrix elements of tH&(q) current, &vp is given by
Evn(a;p,h)=(0]j2)(a)|p,h), we introduce, for the sake of
brevity, the notation

Ewo(aip.h) = Eup(aip.h) + éustaiph), (29
Ca=35Ga(0,@) yna i FL(N) =UZF (1) —UFT(r):f5(r)

=3ugf'(r). 24 where

I R 4z fd ] ga o [ 1, 2T+
mp(a;P,N) = 8- pnl AQWPO r[9ad(r) +gae(r)]e 1N (oXqg){ 1+ )

. AftT R 2f0’T _ftf o R
—3(U-r)(r><q)T(rr)) +3(n)| (oxq) % +(o-1)(rxq)

f”(r)—f‘”(r)
Y )”

Ar, . P
+5Q—p+h|CAqmpof dr{gqq(r) +gae(r) J[(oxXa)+(o-1)(rXxq)]
+

3f3(r) , (26)

forr)y 2f”(r)+f“(r))
i 80

(oxQ)|4+3

8f‘”(r)—f”(r))

27,
f'fﬂxsh(q;pyh)=5qp+h'CAqmpoJ dfgcc(r)[e'p'”re'h‘r][ff(f) )

tr

.. f
—9<a-r><r><q>T(:)) +14(r)

for(r)—ft7(r)

(oXQ) 1+2T) +(o-T)(rxQq)| 1+6

3f‘”(r)—f”(r))
£(r) ]

(27)

It is worth noticing that the second integral in the right- =300 (a), 400 (b), and 550(c) MeV/c. In the figures the
hand sidgrhs) of Eq. (26) gives a correction independent of one-body respons@A), the interference terms between one-
the modulus ofy and vanishing for uncorrelated wave func- pody andij gs{c(Q) (OB/C), one-body a”dg%w(Q) (OB/),
tions as well as for Jastrhovx c]?rrelqted ones. - one-body and{?}(q) (OB/A), and the quadrati(j:ffgc(q)

Figure 2 comparesAt & , functions obtained with the (/¢ term are shown, together with the resulting total re-
Argonne v ,g potential f1 (Ayg) with those from the OPE sponseTOT).
potential {7 (7). They differ from each other at short dis- ~ The shift of the Jastrow responses to higher energies with
tances, and are therefore expected to provide similar resuligspect to the FG is due to the use of the CBF real part of the

in a correlated model. optical potential; moreover, as in the case of the longitudinal
responsg 10], Jastrow correlations quench the quasielastic
IV. RESULTS AND DISCUSSION peaks in absolute magnitude. The computed quadratic term is

always negligible and will be disregarded in the remainder of

In this section we present and discuss the inclusive tranghe paper. Two interference respong&@B/C and OBA)
verse electromagnetic response of symmetric nuclear mattéave been evaluated also for the one-pion-exchange currents.
at saturation densitypo=0.16 fm~3 or ke=1.33 fm %, as  The results atj=400 MeVk are displayed in Fig.®) as up
obtained in CBF theory. We recall that the correlation operaand down triangles, respectively. They are almost coincident
tor contains Jastrow, spin, tensor, and isospin componentgith the SPR responses, as the differences in the short range
The correlations are fixed by minimizing the ground statebehaviors of theA currents are washed out by the correla-
energy, computed in FHNC SOC approximation and usingion.
the Argonnev4+Urbana VIl three-nucleon interactigB84. The numerical accuracy of the FG responses has been
The SPR model for the two-body current operators of Refschecked against the analytical approach of RET] finding
[18,27] has been used and the one-body current is given bgomplete agreement. So an overall reduction of tipdH
the magnetization part alone, neglecting the convection ternQE peak due to MEC'’s is confirmed in the FG model and
The response is computed including correlatgd 11 inter-  found even in the Jastrow correlated case.

mediate states and then foldirﬁg}plh(q,w) with a param- As we have already mentioned in the Introduction, this
etrization of the on-shell imaginary part of the CBF optical result is in sharp contrast with realistic estimates of the trans-
potential. verse response in light nuclgil] and also with some recent

We begin by studying the effect of the Jastrow, shortrandom phase approximatiéRPA) calculations int2C [35],
range correlations and comparing with the free Fermi gashoth of them pointing to a~20—-30% increase of the
The 1plh responses in both models are given in Fig. 3 atstrength in the quasielastic region due to MEC effects. We
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FIG. 4. 1p1h interference responses @t 400 (a) and 550(b)
MeV/c in the correlation operator model and comparison with the
Jastrow model. See text.

Hence, the correlation operat(®) has been used to estimate
the corrections to the Jastrow response due to the nonscalar
components, in the D2B/L approximation.

Figure 4a) reports the correlation operator results for the
interference p1h responses aj=400 MeVkt. We find that,
at the QE peak, the operatorial correlations quench the OB/C
and OBfr responses with respect to the Jastrow case. The
use of the D2B in place of the D2B/L approximation does
0 50 100 150 200 250 800 850 400 not change appreciably the outcome. The quenching is more

© (MeV) pronounced for the OBY term, where a positive tail is added

at large energies.
FIG. 3. Iplh ftransverse response qt-300 (a), 400 (b), and Thg: eﬁec? is dramatic in OR/, as the correlation
550 (¢) MeV/c for the FG and Jastrow models. The figure shows . '

! : ) operator correction largely cancels the Jastrow response,
the partial(one-body, interference, and one quadpadicd the total ieldi i t it Th iqin of thi llati
responses. The interference terms for the coritaeingles up and _y|€ f mgda pOSI ;:/e ne resg ) -e ongin IO . IS CanC(_aba _|0n
A (triangles down currents in the one-pion-exchange model at IS tound In t _e tensor-lsospln correlation contribution
q=400 MeVk are given. to the second mtegral_ln the RH_S of E_(QG). I_n fact,

the OBA response obtained by settifif=0 in the integral
) _ o is much closer to the Jastrow curve, as is shown in the figure
stress once again that this conflict is not resolved by thgy the x signs. The convergence of the cluster expansion
inclusion of state-independent, scalar, short range correla;as peen checked by computing the intediialin D2B
tions. _ . approximation andii) adding Jastrow dressed three-body
In Ref. [23] it was shown that the transverse spin re-nonfactorizable diagrams, linear in the operatorial compo-
sponses, making uRt'(d,»), may be affected by the non- nents of the correlation. The result is practically indistin-

Jastrow correlations. In particular, the largest effect wagyuishable from the D2B/L response and it is not given in the

R,;""(q,0) (10°MeV™")

found in the isovectorS{‘,l, as the leading correction is figure.
proportional to the large tensor-isospin correlatith(r). A similar (and even more enhangeoehavior is found at
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larger momenta. In Fig. () we show the interference 20
terms atg=550 MeVk. Now the OB/C response does not
significantly differ from the Jastrow estimate, whereas OB/

7 and OBA are largely modified by the insertion of the 15}
operatorial correlations. In particular, we obtain a large, posi-
tive OB/A component in place of a large, negative Jastrow
counterpart. At this momentum transfer and using only long
range RPA correlations, the Gent group seems to find a more
negative OB# response and an almost vanishing QRIne

[36]. 05 |

The sensitivity of the OBY response to the shape Bf j
has been examined by using the correlation operator corre-
sponding to the Urbana,,+TNI model. This interaction has 00
a weaker tensor component, producing a smaller tensor cor-
relation. The results for OB/ are displayed in Fig. 4 as solid
circles and point to a clear dependence on the details of this
correlation. / (0) =400 Mevic

To conclude the analysis of theplh response, we =
give in Fig. 5 the total R?(q,») together with
the IA estimate. The totalTOT) response includes interfer-
ence contributions also from trjg)(q) andjﬁ/zs)(q) currents,
whereas the curves labeled as T&T only contain
j?0(q) (as the Jastrow, TOJ, pointy. MEC's provide an
enhancement of the IA response in the QE region ranging
from ~20% atq=300 MeVk to ~10% atq=550 MeV/

c. The enhancement is due to the presence of tensor- and
isospin-dependent correlations; scalar Jastrow correlations ‘ , ‘ ‘
actually produce MEC contributions, quenching the corre- 0 % 1% 1% 200 20
sponding IA values. The exchange pfiike vector mesons,
originating theV and VS currents, results in an additional
enhancement ofR¥""(q,w), which, however, decreases

with q.

Finally, we compare the transverse NM response with
some of the available experimental data from real life nuclei. <
Rr(q,w) is obtained by folding the compute@:*"(q,w) 2
with the imaginary part of the optical potential, as described %

(a) =300 MeV/c

200

20

R,""(q,0) (10°MeV™)

05 r

in Sec. Il. Figures 6 comparX R+(q,w) of NM in IA and

IA+MEC with data from Ref[4] (X), Ref.[6] (circles,

and Ref.[9] (black circles for “°Ca. The Bates datgf]

actually refer toq=330 MeVEt in Fig. 6(a) andq=400
MeVic in Fig. 6b), as the Saclay datéRef. [4]) in

the same figure. The discrepancies between the Saclay °°o s 1o 1 20 250 0 380 400

and the Bates and Jourdd®] results are evident and o ey

already stressed in previous literature. It must be noticed that . 5. Total 1p1h responses aj=300 (a), 400 (b), and 550

the last two sets of data appear to be compatible among eag§) MeVvic in the correlation operator model and comparison with

other. This fact gives confidence in the Jourddw/$ sepa-  the Jastrow model and the IA responses. See text.

ration procedure, which employs world data on inclusive

quasielastic electron scattering as obtained by different V. CONCLUSIONS

experiments. The inclusive electromagnetic transverse response of
The NM responses are closer to the results Ofgymmetric nuclear matter has been evaluated within the cor-
Refs.[6,9] than to those of Refl4] and the experimental re|ated basis function perturbation theory. The adopted cor-
QE peak lies between the IA and the full responsesye|ation operator has a scalar, short range component and
At q=300 MeVt the IA seems to better reproduce jmportant tensor- and isospin-dependent parts, its structure
the peak, whereas, when moving to higher momenta, thgeing similar to that of realistic nucleon-nucleon potentials.
inclusion of MEC’s improves the agreement with the Both one-body and two-body meson exchange currents are
experiments. considered, the latter in a model which satisfies the continu-
A similar trend is found in°®Fe, as shown in Fig. 7. ity equation with the Argonne .4 potential and contains in-
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FIG. 7. Transverse responsescgt 380 (a) and 570(b) MeV/

56
Ca (€) 42570 Mevic ¢ for *°Fe and nuclear matter. See text.

40

006 | IA+MEC ] drastically changes this picture. Th& contribution is
largely modified, as it becomes positive and increasing
with the momentum transfer. As a result, MEC’s produce
an extra strengt{10-20 % in the QE peak region. This
is in agreement with exact GFMC calculations in light
nuclei.

p-like exchange currents give a small additional enhance-
ment. We also found that using standard one-boson-
exchange currents does not significantly change our
results.
0.00,5 1000 2000 2000 400.0 Two recently derived experimental responses in

@ (Mev) “ca have consistently lowered the QE peak respect to

previous estimates. The new data and the CBF NM
responses are in reasonable agreement and the comparison
seems to show too large MEC effects at low momenta.
The obvious caveat to bear in mind is that this compar-
termediateA-isobar excitation currents. Ground anglh ison is made between finite nuclear systems

correlated states are included and the decay ip@h2states  and infinite, homogenous nuclear matter. The CBF theory
is implemented by folding?%plh(q,w) with the imaginary has been recently extend¢87] to deal with ground state
part of the optical potential. properties of nuclei as heavy a%’®Pb, with Jastrow

Our results indicate that MEC's, evaluated in a Jastrowand isospin-dependent correlations. It is conceivable that, in
correlated model, quench the IA response. In this casehe near future, it will be possible to use the theory to
the situation is qualitatively close to what was found microscopically compute the finite nuclei responses, employ-
by Amaro et al. in Ref. [17] in both shell and Fermi gas ing richer correlations, as those of nuclear matter. Presently,
models. The net quenching mainly originates from a stronghe density-dependent NM results might be used in a
cancellation between the positive contact and the negativiecal density approximation for a closer comparison with the
A terms. experiments.

The introduction of tensor-isospin-dependent correlations Moreover, relativistic corrections could affect the

0.04

AR, (q.a) (MeV™)

0.02

FIG. 6. Transverse responsesjat 300(a), 380(b), and 570(c)
MeV/c for “°Ca and nuclear matter. See text.
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response, both for the IA and MEC'§38], as well
as the inclusion of explicid degrees of freedom in the

nuclear wave function. This last topic may be addressed The author wants to thank Rocco Schiavilla for many
within CBF theory, particularly if one wants to quantitatively fruitful discussions and Juerg Jourdan for providing his data

study the dip and\ peak regions. In this respect, it will also on Ca and Fe. The warm hospitality of TINA& CEBAP
be necessary to consider the contribution fropRR inter-

mediate correlated states. Work along these lines is igratefully acknowledged.

progress.

ACKNOWLEDGMENTS

laboratory, where part of this work has been done, is also

APPENDIX

In this appendix the particle-hole nondiagonal matrix elements of the compone'rff%;ﬂq) are given in the D2B/L

approximation:

ir (1) 1q-r ()
£P5n(Grs) =9 pnlCp \/WPO 25 gr)+ G 1)1 610 Jm}, (A1)
exch PSl 0 5F77(r) 8f”(f))_ . f(r)
épsn(Gps1) = g—p+h CPS\/W f gcc( )e { (T [ er)fj(—r), (A2)
) 67, G N+G r)
§(|i"sw(Gpsz+3)=5qp+h|Cpsmp0f dr psal . Ps3l [9ga(r) +9ge(r)]
~ . . . ftr for
Xe'q'rlz[[S(q-r)(a'><r)—3r(a'><r)~q—2(a'><q)] J((rr)) 2(oXQq) fJ((rr))} (A3)
exch 67, Gpga(r) +Gpga(r)
épsa(Gpsara)= p+h|CpsmPo P2 r P55 gedlr)
R ~ ~ . ftf
xeQr (cr><q)—3[(q-r)(a><r)+(o~r)(q><r)]T(rr))}, (A4)
ir 67, Gpsa(r)+Gpgs(r)
fgsw(GPs,us):tsqp+h'CPsmP0 Fas ; P [9aa(r) + dae(r)]
ftT —2f0oT

xeld 12 ¢ (O'XI’) q(%)(r)”, (Ab)

p Gpsa(r)+Gpgs(r) R R
35 Grsa-9) =~ du-penlCos g b T }gccu)e"?'f[r(axr)-q], (A6)
£95+(Gpse) =0, (A7)
N (Gpse) = — IC Lp drGpge(r)gec(r)e'? " 3|F(q~F)(cr><F)~q@ (A8)

PS PS6 g—p+h!~PS D(p)D(h) 0 PS6 cc f‘](l’) '

£p5+(Gps7)=Epsn(Gps7) =0, (A9)

whereQ=(p+h)/2.
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