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Realistic model of the nucleon spectral function in few- and many-nucleon systems
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By analyzing the high-momentum features of the nucleon momentum distribution in light and complex
nuclei, it is argued that the basic two-nucleon configurations generating the structure of the nucleon spectral
function at high values of the nucleon momentum and removal energy can be properly described by a factor-
ized ansatz for the nuclear wave function, which leads to a nucleon spectral function in the form of a
convolution integral involving the momentum distributions describing the relative and center-of-mass motion
of a correlated nucleon-nucleon pair embedded in the medium. The spectral functidhie @nd infinite
nuclear matter resulting from the convolution formula and from many-body calculations are compared, and a
very good agreement in a wide range of values of nucleon momentum and removal energy is found. Applica-
tions of the model to the analysis of inclusive and exclusive processes are presented, illustrating those features
of the cross section which are sensitive to that part of the spectral function which is governed by short-range
and tensor nucleon-nucleon correlations.

PACS numbds): 21.10.Jx, 21.65tf, 24.10.Cn, 27.106th

[. INTRODUCTION at low values ok andE (as it is the case within a mean field
picture, but, due to short-range and ten$oN correlations,
The nucleon spectral functidd(k,E) represents the joint is spread over a wide range of nucleon momenta and re-
probability to find in a nucleus a nucleon with momentummoval energies. o o
kE|IZ| and removal energg, and therefore it provides fun- As far as the theoretical investigation of the nucleon spec-

damental information on the dynamics of the nucleon in thdf@ function is concerned, the calculation BY(k,E) for
nuclear medium. Since the momentum and removal ener >2_ requires the k_nowledge of a complete SEt.Of wave
dependencies d?(k,E) are governed by the single particle unctions for A1) Interacting nucleons. Thus, since the
features of nuclear structure as well as by the behavior of thleat.ter ones S.hOUId be obtained from m‘?‘”y'b‘)dy calculgmons
nuclear wave function at short nucleon-nuclediN) sepa- dsing realistic models of thBIN interaction, the evaluation

X Ref[1]). the rel t th . | dof P(k,E) represents a formidable task. In case®bfe the
ra“onsﬁsee, € [,])' t € relevance o the experimental and ,jaon spectral function has been obtained using three-body
theoretical investigations d?(k,E) is clear.

- ) veal .. Faddee\9] or variational[10] wave functions, whereas for
As far as the experimental investigation is concerned, it isy — o the evaluation ofP(k,E) has been performed using
well known that within the impulse approximation the crossipe orthogonal correlated basis approdith] and perturba-
section for nucleon knockout processes is directly proportion expansions of the one-nucleon propagdf2—16. It
tional to the nucleon spectral function, and, although finalshould be mentioned th&(k,E) has also been obtained for
state interactions and meson exchange currents can destray=4 [17] using a plane-wave approximation for the final
such a proportionality, several experiments have already prastates of the three-nucleon continuum. Finally, it is only re-
vided relevant information on the general features ofcently that the results of the investigation within a
P(k,E), e.g.: (i) the y-scaling analysis[2] of inclusive  G-matrix perturbation theory of the effects of the short-range
(e,e’) experiments[3] has clarified the link between and tensorNN correlations on thgp-wave single-particle
P(k,E) and the nucleon momentum distributiorfk); (i)  spectral function of'®0, have been reportdd8]. Thus mi-
the high-resolutiorA(e,e’p) X experiments have shown that croscopic calculations of the full nucleon spectral function of
the shell-model occupation numbers can be substantially ledght and complex nuclei are still called for, and it is for this
than one, which is a clear signature of the breakdown of theeason that the development of modelsR{k,E) is useful
mean field picturg4]; (iii) the exclusiveA(e,e’p)X experi-  and necessary.
ments onA=3 andA=4 nuclei, performed in kinematical In Ref.[1] a model of the nucleon spectral function has
regions corresponding to high excitation energies of the rebeen proposed according to which, at high values of the
sidual nuclear system, have given the first direct signature afucleon momentum and removal enerd(k,E) is ex-
the effects ofNN correlations orP(k,E) [5,6]; (iv) the re- pressed as a convolution integral of the momentum distribu-
cent data on the proceséC(e,e’p)X have raised the ques- tions describing the relative and center-of-m@3§l) motion
tion of multinucleon emissions generated¥iX correlations  of a correlated\ N pair. The basic assumption of the model
[7,8]. The above experimental information clearly indicatesis that the high momentum and high removal energy parts of
that the single-particle strength is not concentrated uniguelyhe nucleon spectral function are generated by ground-state
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configurations in which two nucleons are very close andgyer, that bothk and E are intrinsic quantities; the former
form a correlated pair, whose CM is, at the same time, fapne is the internal momentum conjugate to the relative dis-

apart from the' other/(—_2) nucleons. Th|§ means that the tancez between the nucleon and the center of mass of the
wo meIe?nS in the pair have large relative momefiia., (A—1) system, and the latter is directly related to the intrin-
krei=|ki—Ko|/2>0.3 GeVE~kg), whereas the CM mo-  sic quantityEX_, by E=Ex_;— Ea+E}_;=Emin +E5_;.
mentum of the pair is a low onek{y=|k;+ky/<0.3 whereEin=|Ea|l —|Ea_1| is the (positive minimum value
GeV/c). It has been showfil] that such a model satisfacto- of the removal energy. Using the completeness relation
rily reproduces the spectral function 3fle and nuclear mat- s |wf (W ,|=1 for the final states of the residual sys-
ter calculated within many-body approaches using realistigem, one has

models of theNN interaction. However, a comprehensive

derivation of the model for complex nuclei was not presented 1

in Ref.[1]; thus the aim of this paper is to provide the gen- P(k,E)= 53 +12 > |<\PfAfl|alz,u’| w2

eral formulation of the convolution model and to apply it 0T Moo f

both to few-nucleon systems and complex nuclei. % 5[5_(5271_ Exl 2)

The paper is organized as follows. In Sec. Il the definition
of P(k,E) as well as its general form for uncorrelated andherew!,_, is the intrinsic eigenfunction of the stafeof
correlated many-nucleon systems are recalled; sinceé OYhe Hamiltonian H,_;, with eigenvalue E,fb\—leAfl
model for the spectral function relies on some peculiar fea- _, : . o> ,
tures of the nucleon momentum distributions and their rela-" EA-1- Introducing the overlap integrdi,(z) defined as
tionships with the spectral function, in Sec. Il this matter will
be also discussed in some details. In Sec. Il the convolutionge (7)= % Vet x T1*W9%x. . vz
model of P(k,E) sketched in Ref[1] is extended to any Gio(2) fdx. LAY XAV A (X)) P PR(X. . LY,2),
value of the mass numbé. In Sec. IV the predictions of 3
our model both for few-nucleon systems and complex nuclei 12 "
are presented and compared with available many-body CayyhereXU is the two-component Pauli spinor of the nucleon,
culations. In Secs. V and VI some applications of our modefn€ has(cf. Ref.[10))

to the analysis of inclusive and exclusive quasielastic elec-

. . 1 . 2
tron scattering are presented. Finally, the summary and the p | )= f dz ekzge (7
conclusions are presented in Section VII. (kE) (2m)° 2Jp+1 MEOU Ef f0(2)
X S[E=(Eh_1—Ea)]. @

Il. GENERAL THEORETICAL FRAMEWORK:
THE SPECTRAL FUNCTION AND THE NUCLEON

MOMENTUM DISTRIBUTION B. The nucleon spectral function for uncorrelated

and correlated many-nucleon systems

A. General definitions From Eq.(4) it follows that the nucleon spectral function

The nucleon spectral functiofP(k,E) gives the joint can be represented in the following foref. [19])
probability to find in a nucleus a nucleon with momentum
k and removal energye. Since the latter is defined as P(k,E)=Po(k,E)+Py(k,E), ®)
E=|Ea—|Ea_1|+EX_4[ EA_, being the(positive excita- )
tion energy of the system withA—1) nucleons measured With
with respect to its ground state, aig (Eo_,) the binding

. 1 1 - 2

energy of the nucleus (A—1)], the spectral function also P.(kE)= j dz elk-2go (7
represents the probability that, after a nucleon with momen- o k.E) (2m)% 2Jp+1 n%a ;c f0(2)
tum k is removed from the target, the residual ¢
(A—1)-nucleon system is left with excitation energy X IE—(Ea-1~EA)l, ©®)
Ex_;. Adopting a nonrelativistic Schranger description of L L )
nuclei, the nucleon spectral function is defined as follows: _ J' 2 iR-Zma 2

1 Pk E)= 5 535351 %U 2 || dze*Gi(2)

_ 014t T . 0

PUCE)= 33071 i, (YA LB (H-Balag V3, X o[E-(E} 1~ En)], Y

)

wheref<c (f>c) means that all final states of the residual
system belowmabove the continuum threshold are consid-

. ered, i.e., inPy(k,E) only final states corresponding to the
nucleon with momenturk and spin projectiorr; ¥ is the  discrete spectrum of,_, are included, whereas all final
intrinsic eigenfunction of the ground state of the nuclearstates belonging to the continuum spectrunt@f ; contrib-
HamiltonianH with eigenvalueE, and total angular mo- ute toP,(k,E).

mentum(and its projectioinJ, (Mg). Note that, beinglfg an Let us now consider the predictions of the mean field
intrinsic wave function, the motion of the center of mass ofapproach for the nucleon spectral function. If we consider the
the residual system cannot contribute to Eig. Note, more-  nucleus as an ensemble of independent nucleons filling shell-

WhereaE » (8g») is the creatior(annihilatior) operator of a
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model statesr with momentum distributions, and single- 1 1 2

particle energies,, one has P1(k,E)= (27)% 209+ 11 f#{ )
00 a<ap

X S[E~(Ep_1—Ea-1)], (15

f dz el ZG" (2)

1
PEY(KE)= 722 A" (KSE=ed] (8

where more complex configurations of th&-{ 1)-nucleon
and system are included, like, e.g., one-particle—two-hole states
which can be reached when two-particle—two-hole states in
PSM(k,E)=0. (9 the target nucleus are considered. In such a way, the main

effects of NN correlations onP4(k,E) is to generate high

In Eq. (8) A, is the number of nucleons in the state Momentum and high removal energy components.
(=.A,=A) and the sum oves runs only over hole states of Before closing this subsection, let us consider explicitly

the target, which means that the occupation probatfjtys the case of nuc_:lei with\sd_f, for in this case the mean field
picture underlying Eq(12) is not a realistic one. In case of

. the deuteron there is only one possible final state, because
S&SM)EJ dk nM(k)=1 for a<ag the residual A—1) system is just a nucleon; this means that
0 P.(k,E) for A=2 is identically vanishing, even in presence
=0 for a>ap. (100  of NN correlations. Thus the dependenceRffk,E) upon

the removal energy is simply given by a delta function. Ex-
In the limit A—, the nucleon spectral function for a non- Plicitly, the nucleon spectral function of the deuteron reads as

interacting Fermi gas is given by follows:

PO (k,E)= 6(kg—k) 4|

. kz} P(k,E)=%n(D)(kW[E—Emin]’ (16

2M

3
4mkd
. whereE;,=2.226 MeV is the deuteron binding energy and

P{(k,E)=0, (1))  n®)X(k) is the nucleon momentum distribution in the deu-
o _ 3 _ teron(see the next subsectiprin case of helium nuclei the
wh|9h implies that the occupation probability for the single- residual @— 1)-nucleon system has only one bound state,
particle plane-wave states is equal to 1 kstkg and O for  namely the ground state of the two- and three-nucleon sys-
k>Kg. tem forA=3 andA=4, respectively. Thus E{6) yields the

The main effect ofNN correlations is to deplete states nucleon spectral function associated to the ground-to-ground
below the Fermi level and to make the states above the Ferngiansition, viz.

level partially occupied. By such a mechanishy(k,E)

PSM(k,E) and P,(k,E)+ 0. Disregarding the finite width P (KE)= 1 1 D
of the states below the Fermi level, timodified shell- olk,E)= (2m)% 23p+1 i,
model contribution can be written as

X 5[E_ Emin]v (17)

Po(k,E)= 2 AN, (K)VSE—|e,|]]l, (12  whereE,=|Eal—|Ea_1| equals to 5.5 MeV and 19.8 MeV
in case of°He and“*He, respectively. As far aB,(k,E) is
concerned, it is given by

2

f dz e 2GYy(2)

where the occupation probability for hole states<{«g) is

- P.(k,E)= ! 5 ! > > fdre'kfe (r)
=f dk K, (K)<1. 13 2m)? 205+ 1 iy 1=
0
X J[E—(Ep_1—Ea-1)]: (18)
In case of nuclear matter one Hdd]

C. The spectral function and the nucleon momentum

Po(k,E)= %kEZ(k) O(ke—K)S[E+e,(k)], (14 distribution

The nucleon momentum distributiom(k) is defined as

follows:
whereZ(k) is the hole strength ang,(k) is the hole single-
particle energy spectrurhin absence ofNN correlations 1 S s Ke(i-7) 3
e,(k)=k2/2M andZ(k)=1, so that the Fermi gas spectral n(k)= ﬁf dzdz' e p(z2'), (19
function (Eq. (12)) is recoveredl As for P,(k,E), its general
expression reads as follows: where (omitting spin indicep

> o — o i 0w 7 2)T* WO (x YY)
!In this paper the normalization of the nucleon momentum distri- p(z.2 )_f dx...dy[Wa(x.. .y, 2) " ¥a(X. ..y,2')
butionn(k) is chosen to bggdk Kn(k)=1. (20
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is the off-diagonal one-body density matrix. The calculation o

of n(k) is simpler than the calculation &¥(k,E), for only SoEf dk Kny(k)= X S,,
the ground-state wave function is required. The relation be- 0 a=oF
tweenn(k) andP(k,E) can be easily obtained by inserting

in Eq. (20) the completeness relatian;|Wh_ )(Wh_,|=1 s Efmdk k2n, (k)

for the final states of the residual system and by using Eqg. Yo B

(4); one obtains the following momentum sum rule:

(28)

with Sy+S;=1. Within the mean field picture one has

o So=1 andS;=0. WhenNN correlations are considered, it
n(k):Ame ~dE P(k,E). (21D turns out that the spectroscopic factor of the ground-to-
min ground transitiorS, is equal to=0.65 and=0.8 (implying

] -~ ) $,=0.35 and=0.2) for *He [20] and *He [21,17], respec-
Using the decomposition given by E), one hascf. [20],  jyely, whereas the average depletion of single-particle states

[19]) below Fermi level in complex nuclei is expected to be
Sy=0.8 in overall agreement with the results obtained from
n(k) =ng(k) +ny(k), (22)  high-resolution exclusive experimerj#]. In case of the in-
finite nuclear matter the calculation of RdR22] yields
with Sy=0.75, which mean$§;=0.25.

The nucleon momentum distributior{k) has been calcu-
lated for several nuclei, ranging from the deuteron to nuclear

no(k)s47rf dE Py(k,E) matter [20—29, using nonrelativistic ground-state wave
Enmin functions with realistic models of theN interaction(like,
1 1 . |2 e.g., the Reid soft core interacti¢B0], the Paris potential
= 52531 B J dz e'k'ZG?O(z) , [31], and the Argonne 1, interaction[32]) and considering
0"+ Moo f={a<ap} also three-nucleon force@®f. Ref. [23]). A sample of the

(23)  results of those calculations is reported in Fig. 1, where it can
be clearly seen thati) the low-momentum part oh(k)
(k<1.5 fm~1) is almost totally exhausted hyy(k), which

nl(k)E47Tf dE Py(k,E) means thah(k) at low momenta is dominated by the single-
Emin particle features of the nuclear structurgi) the high-
1 1 o P momentum tail ofn(k) (k>1.5 fm~1) is entirely governed

=— J dz eik~ng0(2) ) by n,(k), which at high momenta overwhelms the contribu-

2m° 2Jo+ 1 Wigo t#{a<ag) tion from ny(k) by several orders of magnitude; this means

(24) that n(k) at high momenta is governed by the short-range
properties of nuclear structuréiii) both at low and high
momenta the results of the existing calculations ngk)
agree fairly well with the general trend of the nucleon mo-

) mentum distribution extracted from inclusive and exclusive
(25) experiments.
' In Fig. 2(@) the nucleon momentum distributions calcu-
lated for complex nuclei are directly compared with the one
whereas for a complex nucleus, whaN correlations are ©f the deuteron. It can be lef‘_rly seen that the high-
considered, one hdsf. Eq. (12)] momentum tail (_)h(k) at k>2 fm™* is similar for all nucle_l _
and it is essentially given by the nucleon momentum distri-
1 bution of the deuteron times afi-dependent scale factor.
ne(k)=— S A,n,(K). (26)  Therefore, the ratio af”(k) for a nucleusA to n® (k) for the
ATA oo deuteron is expected to exhibit a plateaukor2 fm 1, as it
indeed appears in Fig(l®. The height of the plateau turns
It can be seen therefore that in both cases there is a diregtt to be~2 for the proton in®He, ~4 in “He and '°O,
relationship betweeRy(k,E) andngy(k), viz. ~4.5 in %Fe, and~5 in nuclear matter. The similarity be-
tween the high momentum parts of the momentum distribu-
1 tions for complex nuclei and the deuteron has been firstly
Po(k,E)= 4—no(k)5[E— Eminl (27)  illustrated in Ref[28].
m From the above considerations it follows that a simple

model for the nucleon momentum distributiorfk) could
for a few-body system, and E¢L2) for a complex nucleus. read as follows:

On the contraryP,(k,E) cannot be expressed in terms of
n,(k) both in case of light and complex nuclei. 1 -
The integration ofy(k) andn,(k) over the nucleon mo- n(k)=no(k)= 7 —+ 2 Ak for k<k,
mentum yields the spectroscopic fact&sandS;, respec- a=eF .
tively, viz. n(k)=n;(k)=C ngeu(K) for k>k, (29

For A=3 andA=4, one getgcf. Eq. (17)]

1 L
— ik-zno
No(k)=5.2 53,51 ¢ sze Gool2)

Moo
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FIG. 1. The many-body nucleon momentum distributit{k) [Eq. (19)] corresponding to the parametrization described in the Appdisdiid
lines). Considering the representati¢i22), the momentum distributiony(k) [Eq. (25) for A= 3,4 and Eq.( 26) for complex nuclej is given by
the dotted lines. The deuteron momentum distribution has been calculated using the Paris g8tHnéiatl the many-body results for the
momentum distributionsig(k) andn(k) have been taken from Refi20] (3He) [23], (*He) [24], (**C and “°Ca) [25], (*%0) [26], (%6Fe) [27],
(?°%Pb), and[22] (infinite nuclear matter The normalization oh(k) is [5dk K2n(k)=1. The theoretical calculations are compared with the
experimental values afy(k) andn(k) extracted from the experimental data on inclusi(e,e’) X and exclusiveA(e,e’ p) X reactions. The open
squares represent the results obtained withinytisealing analysis of inclusive data féH, 3He, “He,%C, %Fe and nuclear matter performed in
Ref.[2], and the full triangles are the results fafk) in “He extracted from the exclusive reactitHe(e,e’ p) X [6]. The open triangles represent
the values ohy(k) obtained from the exclusive experiments 8H [33], He [5], “He [34], and '%C [35].

In what follows we will make use of two important quan-
tities, viz. the relative and center-of-ma&3M) momentum
distributions of a two-nucleon clusteN¢N,), which are de-
fined as follows:

where k=2.0 fm~1. We have parametrized the results of
many-body calculations fony(k) and n4(k), shown in
Fig.1, using simple functional forms inspired by ER9) (cf.
Appendix).
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N E R IZCM tion of n¢(k) clearly requires the knowledge of the nucleon
re} 2(Kye) = fdkCM nNiN2| g+ — > —Krel - | spectral function and, therefore, till now has been performed
(30) only for A=3 andA=. The results of20] for *He are
reported in Fig. 8) for various values oE; . It can be seen
E A IZCM that _at low values ok (<1.5 fm~!) the momentum sum
1N2(kcw|)—f dK o NNV Koot —— > — K+ T) rule is saturated already at valuestf very close toEpn;
this is not surprising, for at low momenta the nucleon spec-

(8D tral function is dominated by its compondpg(k,E), whose
where k.= (k;—k,)/2 and kCM% k,+k, are tr_le relati.ve f(terrirc;?/g; Enzlrg]fcsft tlgaalI()i;:)ofgc;egggtzﬂdagll(s);v ;gyij)s iﬁf the
and CM momentum of the paiN;N,, respectively, with case of infinite nuclear matterOn the contrary, at high val-

K; andk, being measured from the CM of the system. In Eq.yes ofk (>1.5 fm~*) the momentum sum rule is saturated
(30) nN1N2(k; k) is the two-nucleon momentum distribu- only when high values of; are considered in Eq34); one
tion finds that the higher the value &fthe higher the value of
E; needed to saturate the momentum sum rule. These fea-
tures of the saturation of the momentum sum rule at high
momenta are due to the fact that the correlated part
P.(k,E) of the spectral function is spread over a wide range
., oL L of values ofE for a givenk, in agreement with the theoreti-
x ek (22722 pNiNa (7, 7,:77,25),  (32)  cal predictions of many-body approacheee Ref[1]) as

well as with the experimental data on the exclusive processes

nNaNz(ky ,kp) = fdzl dz, dz, dz, elki(z-2))

(2m)8

where %He(e,e'p)X [5] and *He(e,e’p)X [6], in which the re-
moval energy and momentum dependencies of the nucleon
leNz(fllz*z;ii,fé)EJ’ dx. . .df/[\lfﬁ()z. CY.20,2) ] emission roughly follow the kinematics of the emission from

a two-nucleon system. Recently, such an important feature of
the saturation of the momentum sum rule at high momenta
has been also demonstrated for infinite nuclear matter in Ref.

is the off-diagonal two-body density matrix. It should be [11], as exhibited in Fig. ).
pointed out that the evaluation of bol'ill)\'l 2 and an 2 re-

quires the knowledge of the ground-state wave functlon only.
Till now, calculations of the relative and CM momentum 1ll. THE CONVOLUTION MODEL FOR THE NUCLEON
distributions, obtained within many-body approaches, have SPECTRAL FUNCTION
been reported only foA=3 [9] andA=4 [36].
Before closing this subsection, we would like to mention

XWR(X...Y,2},25) (33

To develop our model spectral function, we make use of

that all the calculations afi(k) considered in this paper are the two main results emerging from the analysis of existing
calculations oin(k) andn¢(k) presented in the previous sec-

based on the use of a non-relativistic nuclear wave function® >

It is only recently that estimates of the relativistic correctlonst on, namely(i) the “deuteronlike tail ofn(k), i.e., the ob- .

to the nuclear Hamiltonian has been calculated in case o?ervatlon that apart from an overzill §ca|efactpr, the behavior

light nuclei[37]; however, the effects of such corrections on ©f N(K) at high momentak>2 fm %) is almost independent

n(k) turns out to be quite small up to~4—5 fm~L, which of the atomlc'welghA; (ii) the _saturatlon pf the momentum

is just the limit considered in this paper. sum rule at hlg_h momenta, which clgarly indicates the strong
link between high momentum and high removal energy com-

ponents of the nuclear wave function, which are both gener-

ated byNN correlations. Both features should reflect some

local properties of th&N wave function in the nuclear me-

In Ref.[20] a relevant relationship between high momen-dium at short internucleon separations.

tum and high removal energy components has been for the

first time illustrated by considering the partial momentum

distributionn;(k), defined as follows:

D. The saturation of the momentum sum rule

A. The two-nucleon correlation model

The analysis of the momentum distributions and the satu-
ration of the momentum sum rule presented in Sec. Il, show
that high momentum and high removal energy components
in nuclei are generated bBMN correlations resembling the
where the upper limit of integratioB; can be varied from ones acting in a deuteron, with the many body aspects ap-
E .in to . By definition, the partial momentum distribution pearing through the consta@* [cf. Eq. (29)] and the rich
n¢(k) represents that part afi(k) which is due to final spectrum of removal energy values of the spectral function
(A—1)-nucleon states witkE<E;. WhenE;—~, one gets for an A>2 nucleus. A first microscopic model &fN cor-
n{(k)—n(k), and the momentum sum rul&g. (21)] is re-  relations generating both high momentum and high removal
covered. Thus the behavior afi(k) as a function ofE;  energy components has been proposed38l, where, by
provides information on the saturation of the momentumanalyzing the perturbative expansion of tN& interaction
sum rule and the relevance of binding effects. The calculaand the nucleon momentum distribution fiN potentials

nf(k)s4wJEf dE P(k,E), (34)

Emin
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FIG. 2. The nucleon momentum distributions of Fig. 1 shown FIG. 3. The saturation of the momentum sum rule’e (a)
all together(a) and their ratio to the deuteron momentum distribu- @nd infinite nuclear matte¢b). The dotted and solid lines corre-

tion n®®)(k) (b). The solid, dashed, dotted, dot-dashed, long dashecsPond to the momentum distributio(k) and to the total momen-
dot-long dashed lines correspondad, 3He, “He, 160, 5%Fe, and  tum distributionn(k), respectively. In case ofHe the dot-dashed,

nuclear matter, respectively. dashed, and long dashed lines correspond ta( B¢) calculated in
Ref.[20] atE;=17.75,55.5,305.5 MeV, whereas for nuclear matter

] ) the dot-dashed and dashed lines correspdddl to E;=100 and
decreasing at largle as powers ok, it has been argued that 300 MeV, respectively.

the nucleon spectral function at high values of bktland

E should be governed by ground-state configurations in k2
which the high—momenturﬁlzlz of a nucleon is almost en- Ea-1t Eiflz oM’
tirely balanced by the momenturk,=~—k of another . , _ _
nucleon, with the remainingX—2) nucleons acting as a Where Ex_;=k“/2(A—1)M s the recoil energy of the
spectator with momenturi,_,~02 When the momentum (A—1)-nucleon system; thus the intrinsic excitation of the

and the intrinsic excitation energy of th&{ 2) system are (A=1) system would be

totally disregarded, the energy conservation would require . A—2 k2
that EA—lzm oM (36)

(35

Within such a picture, the nucleon spectral function

) . . ) . P.(k,E) has the following form:
2Configurations corresponding to high valueslgf_,| should be

ascribed to three-nucleon correlations; indeed, high values of
|IZA,2| can be due to ground-state configurations with a third
“hard” nucleon, whose momentum balances the CM one of par-
ticles 1 and 2. with

1
Pi(kB)=7—m(KJE-EO (K], (37
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A—2 Kk? In what follows, the model given by E¢37) will be referred
EPN9(k)=ER+ AT1oM (38  to as the two-nucleon correlatid@NC) model. At high val-
ues ofk andE, the nucleon spectral function calculated in
where E(2)=|EA|_|EA72| is the two-nucleon breakup 3He [10] and nuclear mattdrl1] exhibits, indeed, for fixed

thresholdtfw_ values ofk, broad peaks irE, whose width increases with

Let us denote bErl)ealtk) the value of the removal energy Ig This is .iIIu.s'Frated in Fig. 4, where the spectral functj?n in
at which, for a given momenturk, the spectral function He and infinite nuclear matter are shown .'0}2 fm
P,(k,E) has its maximum, and byE(k)), the mean re- andE>50 MeV. In order to emphaS|zelthe hlgh-momentum
moval energy for a givek, viz. pgrt of P;(k,E) due to NN _correl_atlons, the quantity

k“-P1(k,E) has been plotted; it can indeed be seen that for
4 (= fixed values ok, a peak-shaped behavior is exhibited, which
(E(k)),= n_k)f dE EP;(k,E). (39 can be characterized by three relevant quantities, viz. the
1(K) J e, peak positionEP®¥(k), the mean removal energiE(k));
defined by Eq.(39) and the full width at half maximum
(FWHM). In Ref.[1] a quantitative comparison between the
_ =peak 1\ _ =(2NO) 2NC model and the many-body spectral function has been
(E(k))1=EF =B (k. (40 presented. The results are reported in Fig. 5, which shows an
impressive agreement between the valugBfk)), calcu-
lated with the many-body spectral function and the predic-
tions of the 2NC model. However, it can also be seen that the
2NC model cannot predict the difference betwd&tk)),
andEP®¥{k) obtained within many-body calculations. More-
over, the 2NC model, by definition, cannot provide values of
the spectral function foE + E2N(k).

Using the spectral function given by E@7) one gets

B. The extended two-nucleon correlation model

In Ref. [1] the NN correlation mechanism, which pro-
duces a nonvanishing spectral function t# E4(k), has
been found to be the motion of the CM of the correlated
NN pair, and an expression &;(k,E) in terms of a convo-
lution integral of the relative and CM momentum distribu-
tions of a correlated pair has been derived in details for the
case of 3He. In this section we show that a convolution
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FIG. 5. Comparison of the values of the mean removal energy

1o E (MeV) (E(K)); (open squargsdefined by Eq(39), and the peak position
EP®3 (full square$ for *He and nuclear matter, calculated with the
spectral functions of Ref§10] and[11], respectively, with the pre-
dictions of the 2NC moddlsee Eq.(37)]. The dotted lines are the

FIG. 4. Momentum and removal energy dependences of théesults obtained using Eq$40) and (38), which yield explicitly
nucleon spectral functioR(k,E) (timesk?) calculated in Ref[10]  (E(k));=EF**<E{) +k?/4M in case of*He and(E(k)),=E}®
for He (a) and in Ref.[11] for infinite nuclear mattetb). = E§ﬁ2+k2/2M for nuclear matter.
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formula can be obtained for any value of the mass number
A, and that such a convolution formula follows from the

1697

high k—E limit of the spectral function. We will obtain our
model of the spectral function of a nucledh (N;=n,p)
starting from the definitiori4). We are interested inf22h
(1p-2h) configurations of‘lf0 (‘If 1) appearing in the

overlap integral3). The following Jacoblan coordinates and

conjugate momenta referring to particles 1 an@ath rest
mass M) in the continuum, and ‘“particle” 3 [the
(A—2)-nucleon systeinwith rest mass A—2)M, will be
used

-> > - > El_lzz - - F1+F2
X=r1—=ra, k= 5 y=rz— 2

. 2Ks—(A—2)(Ky+k

< Ham A2ty )

A

In what follows the sets of coordinatés;} and conjugate
momenta{k;} are measured from the CM of the nucldius.,

they satisfy the relatlonE lr =0 andE ki=O), so that
one has

ZEErelv lzy:|23: — (ky+Ka)=—Kem,
(42)

wherek, andkcy are the relative and CM momentum of the
correlatedN N pair, respectively. In terms of these variables
the ground-state wave function can be written in the follow-

ing general form:

WX({E}AF%AL“; anmi, [ Pn(X)@xm(Y)]

®‘I’fA 2({r ba- 2)] (43

where .7 is a proper antisymmetrization operat@; is a
short-hand notation for the standard Clebsh-Gordan coupling
of orbital and spin angular moment&®,(x)} ({xm(¥)})
represents a complete set of states describing the relative
(CM) motion of the pair (1,2) ane{\lffA 2({r }a_2)} the
complete set of states describing th&—(2) system. The
ansatz(43) is the exact one needed to calculate the spectral
function corresponding to states in which two particles are in
the continuum. Our aim, however, is to describe the high
momentum and high removal energy parts of the spectral
function. To this end, we adhere to the argument that such a
part of P,(k,E) is generated by ground-state configurations
in which two particles are strongly correlated, with the
(A—2) particles simply creating the mean field in which the
correlated pair is moving. If we view such a configuration in
momentum space, we would say that we are dealing with a
NN correlated pair with a very high relative momentum
(|kx|>kf 1.5 fm~!) and a low CM momentum|K,|<1.5

1): these assumptions allows one to safely describe the
CM motion wave function in43) by ans-wave statgwhich
we denote byn=0), obtaining

L CIDINERE {XO(Y) E anot, [ Pn(X)

®q'fA 2(ri}a- 2)]} (44)

FIG. 6. The high-momentum part of the rela-
tive (rel) momentum distribution and the low-
momentum part of center-of-ma&SM) momen-
tum distribution[see Eq(42) for the definition of
the relative and CM momenta of a correlated
NN pain. In case of2He the open(full) dots
correspond to the results of Ref40] and[9], for
app (nn) pair, respectivelythe interaction is the

RSC on€f[30)); the full and dashed lines far
represent the rescaled deuteron momentum distri-

butions[Eq. (55 with CA=1.8 for thepp pair
and CA=2.5 for thepn pair], whereas the full
line for ngy is the Gaussian parametrization
given by Eq.(56). In case of*He the triangles
represent the results obtained in Rigf1] using
the RSC interaction, whereas the full curves are
the rescaled deuteron momentum distribution for
Nt [EQ. (55) with CA=23.2] and the Gaussian pa-
rametrization of Eq.56) for n¢y. The values
adopted for the parametercy are reported in

Table 1.
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To further elaborate on the structure of the wave functiongre those in whichx|<|y|. It should be pointed out that in
(44), we make use of the results illustrated in Sec. Il C,case of 3He explicit many-body calculationf39] of the
namely, since the CM of the pair involves only low- nycleon spectral function clearly show that the effects of the
momentum components, the excitation spectrum of thenteraction in the residual system are relevant only for the
(A—2) system {fs_»}) is mainly limited to the ground |ow removal-energy part oP,(k,E), whereas they are neg-
state and to thé¢low-lying) excited states corresponding to |igiple for the highk-E component which we are interested
configurations generated by the removal of two particlesp.

from different shell model states of the target; thus denoting  pjacing Eqs(45) and(47) into Eq. (3) and omitting spin
such states by,_,=0, we have indices for sake of simplicity, we get for the Fourier trans-
. . . . - form of the overlap integral the following expression:
YRArI A= Axe NP @YR _({Fi}a-2)]}, (45

where f dz eig'ino(Z)“f dx dy eiEX';+iKY'§Xo(9)¢(§)

= Xo(Kk,) ®(K,), (48)

where®(k,) [xo(K,)] is the amplitude for the relativkCM)

describes the relative motion of the correlated pair in themnotion of the correlated pair in momentum space. Within our
nuclear medium, which at smak| can be considered inde- model the energy conservation appearing in @ reads as

pendent of the particular shells from which the two nucleond®!lOWs:
of the pair are removed by the effects of short-ramgsd >0
correlations. Let us reiterate that E45) is our basic starting E—EL ,+EA=E+|Epn_,|— u
point for obtaining the spectral function. The basic assump- 2u
tion underlying Eq(45) is that high-momentum components

in nuclei are due to strong correlations between two nucle- —E— ( E
ons, whose CM momentum is a low o&hich, in turns,

means thafx|<<|y|); once such an assumption is made, it
follows that the A—2) system is in its ground state; the
nucleons belonging to theA(-2) “spectator” system may mg (A—1)
well be strongly correlated between themselves, but the basic — =
assumption is that they are almost independent from the “ac- o 2M(A—2)
tive” correlated pair which “feels” the A—2) system only (A-2)
through the low-momentum CM motion. An important fea- -
ture of our 2NC model is that high values of the excitation 2M(A-1)
energy of the residualX— 1) system are almost totally due
to high values of the kinetic energy of the relative motion of 300 T T Ty
the correlated nucleon with the “spectatorA{2) system, C
i.e., they are not generated by high values of the excitation 250 F
energy of the A—2) system. To sum up, we assume that the s
ansatz45) can describe the real configurations leading to the
high momentum and high removal energy components of the
spectral function.

Let us now discuss the final statés;“_*ll of the residual

(A—1)-nucleon system. The wave functiohjf:ll is ap-
proximated as

<I>(x*>:§ Anoo®n(X) (46)

, (49

where

(A—2)K,—ks|?
A—1
2

(50

° E1 peak

O <E(k)>1

200 _

nuclear
matter

(MeV)

150

L
()
I

100 |
50 F
(47 0:...|...|...|...|...3

where the distortion effects arising from the rescattering of
particle 2 with “particle 3" have been neglected. The form k (fm" )
(48) is the natural extension to the final states of the residual

_sys_tem of the basic assumption underlying Et) for the_ FIG. 7. Comparison of the values of the mean removal energy
initial state. As a matter of fact, after the removal of particle E(K)), (open squaresdefined by Eq(39), and the peak position

1 from a correlated pair, the correlated particle 2 is emitte peak (full squares for He and nuclear matter, calculated with the
because of recoil and “feels” the mean field produced by thepectral functions of Ref§10] and[11], respectively, with the pre-
(A—2) system only in the low-momentum part of its final gictions of the extended 2NC modsee Eq(51)]. The dashed and
amplitude. In other words, the final state interaction of parsolid lines correspond, respectively, to the valueg®fk)); and
ticle 2 is suppressed by the fact that the configurations relE?P** obtained using in Eq(53) the effective relative and CM mo-
evant for the highk-E part of the nucleon spectral function mentum distributions given by Eq€5) and (56), respectively.

faiq, (2 ~ Ko T faio (2
XPAAfll({ri}Afl):v/@/Afl{elkz WA 2({rita-2)}
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is the energy of the relative motion of particle 2 and “3” cally generated by the use of the CM momentum distribution
(A—2), i.e., the excitation energy of theA-1) system. inthe /=0 (mean field state, which, fok>2 fm™!, does
Thus placing Eqs(48)—(50) into Eq. (4) the following con-  not include the high-momentum components generated by

volution formula is obtained for any value é¥: the short-range and tensor correlations. We would like to
stress here that, according to our assumptions,(&8). is
(A=2) expected to correctly describe the nucleon spectral function

P(lNl)(k,E)=,/l/'NE dks &

2=n,p

_g@__> =7 . .
E-Ewr 2M(A—1) only for high values ok andE, when the A—2) system is

in its ground state; in terms mf’r\é}Nz and ng,{ﬂNz it means that

- 2 -
| ks (A=1)ks AN | ] only high (low) values ofk} (ks) have to be considered in
(A—2) rel 2 Eqg. (53.
XN 2| Kal). (51 IV. THE MODEL SPECTRAL FUNCTION FOR

. . FEW-NUCLEON SYSTEMS AND COMPLEX NUCLEI
In Eq. (51) the value of /" can be chosen in order to repro-

duce the correlated part of the nucleon momentum distribu- In this section our model spectral function will be pre-
tion ny (k) =n(k) —no(k)[=n(k) for k>1.5 fm 1], viz. sented for 3xA<<x. For the three-nucleon system and infi-
nite nuclear matter our model spectral function will be com-
pared with the one obtained from many-body calculations.
According to Eq.(53), the basic ingredients to calculate the
spectral function are the relative and CM momentum distri-
From Eq.(51) it can be seen that theN&C model can be butions of NN pair in the nucleus. These quantities have
recovered by p|acing’lg'3\-/lN2(|23): 5(|23), i.e., the spectator been calculated foA=3,4 and their behavior will be dis-
nucleon at rest. When the motion of the latter and the linkcussed together with model distributions for complex nuclei.
betweerk, IZ3 andE are considered, a nucleon spectral func-
tion in the whole range of variation & (E@<E<x) is
generated. Moreover, the removal energy dependence of The quantities(30) and (31) pertaining to a neutron-
p(lNl)(k,E) is governed by the behavior ath:sz and  Pproton and neutrorproton—neutron(proton pairs in *He

N3N, . . nd *He, calculated in Refd.10] and [36] using the Reid
Nyei *» Whose calculation, unlike the case of the spectra@oﬁ core interactiof30], are presented in Fig. 6, where they

function itself, requires the knowledge of the ground-stateare compared with a rescaled deuteron momentum distribu-

waxef fL:ECt'(.)nt onlyi_ i Eq(51 th | bl tion for the high-momentum part of the relative distributions
urther integration in Eq(51) over the angular variables and with a simple Gaussian parametrization for the low-

of K3 yields momentum part of the CM distributiorisee also Eq(42)
which relates the relative and CM momenta.(and kcy)

o dE P (K, E)=ny(k). (52)

thr

A. The relative and CM momentum distributions

PNV (K,E) Rl
! with the Jacobian momentg andks appearing in Eq(53)].
2M o It can be seen thdt) the high-momentum part of the relative
=— > 2 dks k3nl}N2(k;)n(N:,{AN2(k3), (53  distribution can be very accurately explained by a rescaled
k N2=n.p Jk3 deuteron momentum distribution, as suggested by several in-
R vestigations; therefore, the following effective relative mo-
wherek;=|ks| and mentum distribution will be used in E¢53)
_ _ eff —_CA
kgzg“(i K|, ko= \/ZM %[E— EQ], Nrel(Kre) = C™Np(Kre)), (55
whereC” is the same constant appearing in E2§);3 (ii) the
. \/Ak2+(A—2)k§ AR Iow-momen_tum part of?g,{ANz. can be fairly vyell reproduced_
= 2(A—1) - 4(A—2) (54 by a Gaussian distribution, in agreement with our assumption

that the CM moves in as-wave state; thus, for complex
It can be easily seen that E(3) reduces forA=3 to the nuclei we will use in Eq.53) the following effective CM

convolution formula given by Eq(18) of Ref. [1]. As al- Mmomentum distribution:
ready pointed out, in Eq53) n:\'e}Nz refers to a proper spin acy| 32 ,
and isospin combination of B;N, pair in the continuum, n‘éf,(ﬂ(kCM)=<T> e~ cmkem (56)

and, correspondingIyyg,{,lN2 represents the momentum distri-

bution of aN;N, pair with respect to theA—2) system in  with the parameter) determined as follows. Let us start
its ground state. The “three-body” configuration underlying ¢,om the trivial relation((S2_,K;)2) =0, where the expecta-

Eq. (53) is such that two correlated particles are very closeyiq, yajue is performed with respect to the intrinsic wave
whereas theA—2) core is far from their CM. Therefore, in

Eq. (53 the relevant contribution has to be provided by the____
N¢N .
low-momentum part ofgy,? and by the high-momentum  3\qe that by using(55) in (51) one gets, due tq29), that

one ofnz}NZ. Such a ground-state configuration is automati- /=1 for k>2 fm~1.
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TABLE |. The values of the paramete@” [Eq. (55)] and
acw [Eq. (56)] for various nuclei. The value of” is estimated
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position with respect to the 2NC model, as well as the shape
of the spectral function near the peak, are mostly governed

from the height of the plateau exhibited by the ratio of the nucleonyy the highk, dependence afo(k¥). If the latter is chosen

momentum distributiom(k) of a nucleus to the one of the deuteron
atk>2 fm~![see Fig. b)]. The value ofx ¢, is calculated using
Eq. (57). In case of*He and“He the value of T)®™ is estimated
adopting a simple harmonic oscillat@iO) wave function with the

value of the HO length chosen in order to reproduce the experimen-

tal value of the charge radius of the nucleus. In cas@efc the
Fermi-gas predictiorii.e., (T)(F®=3k2/10M) is considered with
ke=1.33 fm L.

()W

acm

Nucleus cA (MeV) (fm?)
3He 1.9 8.5 3.7
“He 3.8 9.8 2.4
2c 4.0 16.9 1.0
%0 4.2 14.0 1.2
“Cca 4.4 16.7 0.98
56re 45 14.3 1.1
208py 4.8 18.4 0.85
= 4.9 22.0 0.71

function WS; such a relation implies A(k?)+A(A
—1)(k; - kp)=0, where(k?) is the mean value of the squared
single nucleon momentum; therk2,,)=2(A—2)(k?)/
(A—1). Since, according to our model, the distributi&®)

to be of the Gaussian form, the peak position and the FWHM
can be expressed as a series expansion in terms of the pa-
rameter

_ A1 2 2
Y= m< kCM>/<k rel>’ (58

where(kZ,) and(kZ,,) are the mean-square momenta asso-

ciated to the high and the low-momentum partsngf and
Ncm, respectively. One has
2

A
E*(k) = E{7) +

k2,,)8 In2 k
FWHM(k):\/%(l—y)MJFO(yZ). (60)

Equations(59) and (60) show again that in the limit of a
static spectator A—2) system(i.e., (k3,,)—0) the 2NC
model is recovered [i.e., EP¥(k)=E@+(A—2)k?
2(A—1)M and FWHM = 0]. The motion of the spectator
system, coupled, through energy and momentum conserva-
tion, to the relative motion of the correlated paaf. Eq.
(53], produces both a shifby a percentage amount of the
order of=2v) of the peak position from the value predicted

should not include high-momentum components generategy the 2NC model, as well as the removal energy depen-

by short-range and tensor correlations, the valugkd is

dence of the spectral function f&+ EP*®{k). The validity

taken to be equal to the one obtained within the mean-fiel%f the above expressions relies on the smallness of the pa-

approach. Thereforeycy, appearing in Eq(56) is given by

3 3(A-1) 1
YMTKZ,)  A(A—2) 2M(T)SW”

(57)

where (T)M is the expectation value of thésingle

nucleon kinetic energy calculated within the mean-field ap

proach. The value aof¢), determined by Eq57) for various
nuclei as well as the value of the parame®érAppearing in
Eq. (55) are listed in Table I.

B. The nucleon spectral function of*He and nuclear matter

Here, the quantity?,(k,E) for 3He and infinite nuclear
matter calculated from Eq53) will be presented and com-

rametery. From many-body calculation®-11] one gets
(K2)~6 fm~2 (~7 fm~2) and (k&\)~0.5 fm 2 (~2
fm~2) for °He (nuclear matte; so that ysy.~0.08
(ynm~0.14). In Figs. 8 and €P**(k) and FWHM calcu-
lated using Eqs(59) and(60), as well as using the full spec-

tral function, are compared with the corresponding quantities

predicted by many-body spectral functions shown in Fig. 4.
It can be seen thafi) unlike the 2NC model in which
(E(K));=EP**K), in disagreement with the results of theo-
retical calculations, Eq(53) is able to correctly predict the
relation(E(k) ), >E®¥K) (cf. Fig. 7); (i) the values of the
FWHM, which is obviously zero in the 2NC model, is cor-
rectly predicted by Eq(53). It turns out also that from the
results presented in Fig. 8, the linear dependence of the

pared with the same quantity calculated from many-bodyrwHM uponk [see Eq.(60)] provides a satisfactory repro-
approaches already discussed and shown in Fig. 4. First @fuction of the average value of the FWHM up to large value
all, let us show the comparison between our model predicof k; at the same time, it appears that the calculations with

tions for the peak positiofE?**(k), the mean removal en-
ergy, and the FWHM, with the predictions from many-body
calculations. An inspection at E¢53) shows qualitatively
the following relevant features of the spectral functiGnif

the many-body spectral function also give rise to terms qua-
dratic ink, which are reproduced by evaluating E§3) with
realistic momentum distributions. Eventually, in Fig. 9 we
present a direct comparison of our model spectral function

N andncy are described within an independent particlewith the many-body ones. It can be seen that the whole shape

model(e.g., Gaussians with the same length parameir.

of P,(k,E) is satisfactorily reproduced in a wide range of

(53 predicts a maximum of the spectral function close tovalues ofE around the peak. It can be noticed that the range

E=E{? with a monotonic decrease wifk; (ii) because of
the k3 andk, dependence of the argumekit of n ., the

of k andE for which our model can be applied is wider in
nuclear matter than irfHe. This is a typicalA-dependent

spectral function exhibits a peak-shaped behavior with theffect, since it is due to tha& dependence of the FWHIES.
peak position located at a value lower than the one predicteHq. (60)]. In Fig. 10 we provide a three-dimensional plot of

by the 2NC mode[see Eq.(38)]; (iii) the shift of the peak

the spectral functions; there it can be seen that, whereas for
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FIG. 8. Comparison of the values of the full width at half maxi- 1072 pr—r—rT——TT1 1
mum (FWHM) calculated using the spectral functions of R¢1€] F
for 3He (open dotsand[11] for nuclear mattefopen squargswith i (b) nuclear
the predictions of the extended 2NC modeke Eq.(51)]. The A matter -
dashed line corresponds to the predictions of ), whereas the
solid line is the results obtained using our model spectral function,
calculated using in Eq53) the effective relative and CM momen-
tum distributions given by Eqs55) and (56), respectively. The
dotted line represents the prediction of the “naive” 2NC mddele
Eq. (37), in which the CM of the correlated pair is assumed to be at
restl.

P(k,E) (fm%)

nuclear matter the agreement between the model and many-

body spectral functions is a satisfactory one in the whole 1978
range of momenta and energies consideredHa an appre- 0 100 200 300 400

ciable disagreement in the lok~high E region can be ob-

served. Such a disagreement, which, we reiterate, appears in E (MeV)

3He but not in nuclear matter, can be ascribed to the effects

of three and more nucleon correlations for the following rea- FIG. 9. The nucleon spectral function 8He [10] and nuclear
son: our model includes two-nucleon correlations only, i.e., itmatter[11] versus the removal enerdy for various values of the
cannot account for three and more nucleon correlationg)ucleon momentum. FofHe (a) the squares, full dots, and open
which correspond to configurations in which more than twodots correspond t&=2.2, 2.8, and 3.5 fm', respectively. For
particles get close by. Since the “exactHe spectral func- nuclear mattegb) the open squares, full dots, open dots, and full
tion includes three-nucleon correlations, and since thesgduares correspond =15, 2.2, 3.0, and 35 fii, respec-

tively. The solid lines are the predictions of our extended 2NC

mainly affect very low and very high energy tails, the réason.,,del obtained using in Eq53) the effective relative and CM

for the disagreement |ﬁHe_ is cI_ear: it is due to the absence o entum distributions given by Eq&5) and (56). The value of
of three-nucleon correlations in our model. On the othekne constant/ " appearing in Eq(51) is fixed by Eq.(52), in which
hand side, in the case of nuclear matter, the overall agregnhe correlated parn,(k) of the nucleon momentum distribution
ment between the many-bod{1] and our model spectral calculated in Refs10] and[11] has been used.

functions would probably indicate that the three-nucleon cor-

relations, generated by the Jastrow correlation factor in Refky,-1 i, 3He (nuclear matterand the corresponding value of

[11], do not produce a sizable effect &(k,E), at least in 14 relative momenturk® is greater than 2 fmt.
the k—E region considered. Thus we can conclude that our X

model spectral function describes correctly kheE depen-

dence of the real spectral function generated by two-nucleon C. The nucleon spectral function of *He

correlations in the rangk>2 fm~! and E, <E<EF*¥k) and multiparticle final states

+FWHM(k), whereE;*¥{k) and the FWHM can be safely  To describe the spectral function fér=4 our model has
estimated by Eqs(59) and (60). From Fig. 9 the value of to be implemented to take into account the so-called four-
E_ can be estimated to be 30—50 MeV, depending on the body channel, i.e., the configurations of the<1) system
momentumk. Moreover, we would like to point out that, with 3 particles in the continuum. The reason is as follows.
using Eq.(54), the lower limit of integratiork; in Eg.(53),  The basic idea, leading to the convolution intedl), was
calculated aE=EEeak(k)+ FWHM(K), is less than 0.5 (1) the assumption that®2h ground-state correlatiorisf. Eq.
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3He Nuclear Matter

.
.

FIG. 10. Momentum and removal energy de-
pendences of the nucleon spectral function
P(k,E) (times k?) for A=3 (left side and
A= (right side. The predictions of our ex-

E (Mev) tended 2NC model, obtained using in E53) the
effective relative and CM momentum distribu-
tions given by Eqs(55) and(56), are shown in
the lower part of the figure, whereas the results of
the many-body calculations of Refd.0] and[11]

are shown in the upper one.
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(44)] leading to p-2h states of the residualA(—1) system case of a neutron-proton pdiwith total isospin equal to 0)

[cf. Eq.(47)], are due, at high values &fandE, to configu- the residual system can be a deuteron, whereas for other
rations in which the high momentum of particle 1 is almosttypes of correlatedNN pairs the A—2) system can be only
entirely balanced by the one of particle 2 with the “third” in the continuum. Therefore we have to describe, within our
spectator particlfthe (A—2) systenj far apart from the two model, the four-body channel. This can easily be done by the
correlated particles. The excitation energy of tAe<(1) sys-  following steps:(i) the summation ovef,_, has to be kept
tem corresponding to such a configuration is mainly dudn Eq.(44); (ii) the factorization of the relative motion of the
(particularly around the peak whelfgz —K and||23|~0) to pair and the intrinsic .excitation .of theA(-2) system is as-

the kinetic energy of the relative motion of particles 2 angSumed to hold. The final result is
3, with the latter[the (A—2) systen being, as previously

explained, in low-lying excited states. Whdf>EP*¥(k) p(lNl)(k'E) =Kk > dks ”ZTNZ K+ ks

one hak,+ —k and, in particular, one can haie,|<|k|, if Na=n.p 2

high values of the excitation energy of th&-{ 2) system are {2 1
allowed. Such a mechanism is absent in our model, which Xng,{ﬂNz(llzsly f dfw(|f|)5[E— R
effectively takes into account onlyp22h ground-state cor- M 3M
relations and, as already pointed out, the agreement we found 3K, 2

with the many-body calculations of nuclear matter makes us (E+ _3> , (61)
confident of the correctness of our approach. To sum up, in a 2

complex nucleus the removal energy behavior of the spectral - .

function at high values ok is determined only by the rela- wherew(|t|) rgpresents the_ probal_Jlllt_y distribution to have a
tive motion of particles 2 and 3. IAHe the situation appears tWo-nucleon final state with excitation energy/M. We

to be rather different, for theA(—2) system is the weakly have evaluated Eq61) by replacingw(|t|) with the hard
bound deuteron. Thus, for fixed values Bfeven a small part of the deuteron momentum distribution; the results are
difference betweetk,| and|K| at the peak can originate an presented in Fig. 11 in correspondepce of different values of
intrinsic excitation of the residual—2) system, which is the upper limit of integration oveft|=+yMEZ_,. In the
sufficient to break up the deuteron giving rise to the four-same figure the results of the contribution of the four-body
body channel. In other words, our model represented by Ecghannel calculated in Ref17] are also shown.

(51) with the hard part ofn,,, cannot be applied to the

calculation of the two-nucleon emission channel, for consid- D. The nucleon spectral function for complex nuclei

eringn!gwill unavoidably lead to a break up of the residual ~ Given the success of our model e, “He and nuclear

deuteron. Moreover, it should be reminded that only in thematter we are confident that it can safely be applied to com-
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O E] FIG. 12. Momentum and removal energy dependences of the
104k PRt - nucleon spectral functioP(k,E) (timesk?) predicted by our ex-
— = ) ] tended 2NC model fof®O using in Eq.(53) the effective relative
£ o ] and CM momentum distributions given by E¢S5) and (56).
S [} ]
m As far as the latter quantity is concerned, the trend found for
X 105 F S 3He and nuclear mattésee Sec. Il Dis confirmed(see Fig.
o S/ N 3); as for the former one, it can be seen that in order to
jf \ ] saturate the energy sum rule, momentum components larger
! ' than 2 fm ! are necessary.
,-’ Another quantity of interest is the energy-weighted sum
T R e rule [40]
0 100 200 300 400
1{A-2
E (MeV) 8A=M{m<T>—<E>}, (64)

FIG. 11. The nucleon spectral function &fe [17] versus the  which relates the total binding energy per partigig) to the
removal energyE for two values of the nucleon momentum: mean value of the nucleon removal energy
k=3 fm ! (@ andk=4 fm~! (b). The open squares are the re-
sults of the many-body calculations of REf7], whereas the solid .
lines are the predictions of E¢3) using the effective relative and (E)y= f dk dE ER(k,E) (65
CM momentum distributions given by Eg&5) and(56). The dot-
dashed, dotted, and dashed lines are the results abgobtained  and of the nucleon kinetic energy
using forw(|f|) the hard part of the deuteron momentum distribu-
tion and adopting the values 1.0,1.5, and 2.0 fnrespectively, for ® k2
the upper limit of integration oveit|=ME%, with E% being the (M= fo dk kzmn(k). (66)
(positive) excitation energy of the residual two-nucleon system.

_ . . Using Eq.(12) for Py(k,E) and our extended 2NC model for
pIeX nuclei. In Flg 12 we present the SPeCtraI fUnCt!Or! fOl’Pl(k’E) the mean removal energy has been calculated for
1%0; the results for other complex nuclei look very similar. several complex nuclei. In Table Il our results are reported
In Fig. 13 we show the saturation of the energy and momenand compared with those obtained using in B the ex-
tum sum rules, i.e., the quantities perimental values ot, and the values of T) calculated

ke using Eq.(66) the nucleon momentum distributiar(k) ob-
Sf(E)=47-rj dk KP(k,E) (62)  tained within many-body approaches. It can be seen that our
0 model spectral function satisfies the energy-weighted sum
rule (64).
and Recently[41] a model spectral function for complex nu-
clei, based on the application of the local density approxima-
. tion (LDA) to the correlated parP,(k,E), has been pro-
nf(k):477f dE P(k,E). (63) posed. A direct comparison between the two approaches
Emin cannot be performed, since the behavior of the spectral func-

E
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FIG. 13. The saturation of the energy
[Si(E), (62)] and momentunin;(k), Eq. (63)]
sum rules calculated fot?0 and?°®%b within our
extended 2NC model. The dotted and solid lines
represent the values &(E) andn;(k) obtained
by considering in Eqs(62)—(63) the limits k;
(Ef) — and using the one-holPy(k,E) and
the total Py(k,E)+ P4(k,E) spectral functions,
respectively. As for S¢(E), the long-dashed,
dashed, and dot-dashed lines correspond to Eq.
(62) calculated atk;=1.5, 2.0, and 3.0 fm?,
whereas in case afi;(k) they represent the re-
sults of Eq.(63) obtained atE;=50, 100, and
300 MeV. For the calculation oPy(k,E) Eg.
(12) has been used, with the value of the shell-
model parameters taken from REB5).

{

n(k) (fm%)

S, (E) (Mev')

[¢] 50 100 150 200 250
E (MeV)

1

n(k) (fm®)

S, () (Mev'")

0 50 100 150 200 250
E (MeV) k (fm™)

tion for complex nuclei obtained in Ref41] was not pro- impulse approximatior(lA). Calculations of Refs[19,44]
vided. On the other hand side, it has been shp#ihthat the  have been performed using an approximated spectral func-
nucleon momentum distributiom(k), calculated for several tion, elaborated in Refl45]. The present spectral function
finite nuclei by applying the LDA to the nucleon momentum has been used for the first time in Rp#2], where the FSI
distribution in infinite nuclear matter, compares favorablyhas also been taken into account. [#2] the differential
with the results of many-body calculations. However, suchcross section for inclusive quasielastigE) electron scatter-
an agreement yields only very indirect information about theing off nuclei, A(e,e’)X, has been evaluated at high values
removal energy dependence of the LDA spectral functionof the squared four momentum transfgf [>1(GeV/c)?].
We should also stress that it is difficult to compare our specin particular, the kinematical regions corresponding to
tral function with the LDA one on the basis of the calculation x>1+kg /M =1.3 (where kg is the Fermi momentum and
of inclusive cross section&f. Sec. Vj, for in the two ap- x=Q?2M v the Bjorken scaling variabléhave been consid-
proaches the treatment of final state interactie8) is dif-  ered, for it is in such regions that the nuclear response, evalu-
ferent. Indeed, in our approa¢h2] the FSI is such that the ated within the IA, is sharply affected by the hidgh-E
inclusive cross section is very sensitive upon the details ofomponents of the nuclear wave function generated\bly
the correlated pa®,(k,E) of the spectral function, whereas correlationdcf. Refs.[19,2]). However, it is also well known
in [41] the inclusive nuclear response is only weakly affectecthat the IA sizably underestimates the inclusive cross section
by P1(k,E), when the final state interaction of the struck atx>1.3 and this fact is usually ascribed to the lack of any
nucleon is considered as in Rg43]. To sum up, it would be  FSI effect within the IA. In[42] the role played both by
very interesting to know thie andE behaviours of the LDA NN correlations and FSI has been addressed and the first
spectral function and to compare them with the ones obresults of a calculation of the inclusive cross section based
tained within our mode(see, e.g., Fig. J2In this respect we upon a novel approach for evaluating FSI have been pre-
would like to stress that our spectral function provides asented. Such an approach relies on a consistent treatment of
microscopic interpretation, in terms of two-nucleon correla-NN correlations both in initial and final states, by extending
tions, of why the highk—E behavior of the nuclear matter the factorization hypothesi&5) to the final nuclear states
spectral function is as it is, i.e., featuring peaks at high value§42].
of E located atE<k?/2M with a FWHM given by Eq(60). The differential cross section for the inclusive process
A(e,e’)X can be written in the following form:

V. NN CORRELATIONS AND INCLUSIVE QUASIELASTIC d2o

ELECTRON SCATTERING AT x>1 oN=—-o— =M+, (67)
dE, dQ,

The effects oNN correlations on inclusive electron scat-
tering has been extensively investigated in Réf0] for  where the indices 0 and 1 have the same meaning as in Eq.
3He and[19,2,44 for complex nuclei using the plane wave (5), i.e., they distinguish the contributions resulting from dif-
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ferent final nuclear states, nameh{® describes the transi- tering) should be different from the FSI involving the
tion to the ground and one-hole states of theoutgoing nucleon knocked out from shell model states
(A—1)-nucleon system and{" the transition to more com- (single nucleon rescattering

plex highly excited configurations. In Rg#2], the calcula- Within the spirit of our model, at high values &f and
tion of o™ ando{¥ has been carried out adopting different E the absorption of the virtual photon by a correlafétl
levels of sophistication for the treatment of the final pair, which atx>1.3 is the dominant mechanismin the IA, is

A-nucleon state, starting with the IA. expected to resemble the one in the deuteron; if so, the deu-
The inclusive cross sections” and o{® within the IA  teronlike picture of the initial state should be extended also
reads as follow$2]: to the final state by allowing the two nucleons to elastically

rescatter. An important difference with respect to the case of

A . the deuteron is that a correlat@édN pair in a nucleus is
[oV]a= 2 f dk dE g PV (K,E) o v+k°—Egy 6], bound and moves in the field created by the other nucleons.
N=1 68) The basic step of our approach is the replacement of the 1A

hadronic tenso(W;'iNz] a by the interacting onéwlNLlVNz,
A which is nothing but Eq(71) with the plane wave state
[eM]a= > fdl?dE oenP Y (k,E) o[ v+K°—Eg 4], |t9,) replaced by the exadiN scattering wave function
N=1 |f15) (note that the two-nucleon rescattering process cannot
(69) be expressed in terms of a spectral functidhcan be seen
- . from Eq. (71) that medium effects on the interacting had-
wherer(q) is the energythree-momentuintransferk isthe  ronjc tensor are generated by the energy conserdifignc-

r_nomentugn of the nucleon in thg Iat; system before interaction, in that the intrinsic energy available to the pair is fixed
tion andk®=M— (Ma+E—M)?+k? its off-shell energy; by its CM four-momentum, and, therefore, by the momen-
E;= VM2+|p|% oey is the electron-(off-shel) nucleon  tum distributionn('\':,{,lN2 appearing in Eq(70); even if the CM

cross section. Using E@51) for Py(k,E), Eq. (69 can be  motion is neglectecﬁn”lNZ: 8(Key)] [38], medium effects

; ; ; . CcM
written in the following form: still would remain through the quantity2,,. We have cal-

(A culated the inclusive cross section for the deuteron using the
L7 ia Read soft coreNN potential[30], taking into account the
rescattering inS, P, andD partial waves; then, using the
=A0vor > dKey ngﬁﬂNz(ECM)L“”[WZiNz]uA- same two-nucleon amplitude{$312|j::1+j22|f12), we have
NiNz=n.p computed the cross section(lA) for complex nuclei. The
(70) results are shown by the dashed lines in Fig. 14, where the

. . . 3 4 56
. . N3N, inclusive cross section faiH, *He, “He and*®Fe are plotted
wherelL ,,, is the(reduced leptonic tensor an{ivvlw lia the versus the energy transfer at Q?=2(GeV/c)2. In Fig.15

hadronic tensor of a correlated pair, which can be written ag results expressed in terms of the nuclear scaling function
F(y,q) (see Ref[2]) are plotted against the squared three-

KO 2 . - :
NN, _"CM (Np, sNpj£0 \ 7% momentum transfeq“ for fixed values of the scaling vari-
(W “1n=3y %‘ ;;2 [(Badi, +1,°1112)] abley [we remind the reader thg=0 (<0) corresponds to
12 x=1 (>1)]. It can be seen that at kX<2 the process of
LNy L Ny £0 0 two-nucleon rescattering brings theoretical predictions in
XZ [(Bidi,*+1,%f1 18l v+kew good agreement with the experimental data taken from Refs.
P12 [46] and[3]. The most striking aspect of our results is that
{0 " " the same mechanism which explains the deuteron data, does
- \/(M212)2+(kcm+(1)2], (7)) the same in a complex nucleus, provided helependence

due tonii2 andk,, (clearly exhibited in Fig. 15is prop-
where j is the nucleon current, kly=Ma erly considered.
— VM2 _,+|kewl?, | B1o) is the relative wave function of the However, it can also be seen from Fig. 14 that the two-
correlated pair and|f82> its plane wave final state. nucleon rescattering is not able to describe the experimental
Equation(70) is based upon the assumption that final anddata atx>2. This fact is not surprising, since at-2 more
initial  A-nucleon states factorize as followstWw ) than two nucleons should be involved in the scattering pro-
- = - cess. In Ref[42] this process has been mocked up by con-
~ ALl 1% e[ ¥h )] and [WR)~AL|B X ¥R )] a2l e b e

CM\ : . sidering the motion of the outgoing nucleon, knocked out
[cf. Eq. (45], where|xz;") is the CM wave function of & ¢ shell model states, in the complex optical potential gen-

correlated pair andPcy,) its plane wave final statnote  erated by the ground state of th&<1)-nucleon system.
that, using Eq.(71) in Eq. (70), Eq. (69) is recovered in  However, the treatment of the single-nucleon rescattering at
terms of the nucleon spectral functi®h(k,E) given by Eq.  x>1.3, based only on the use of on-shell optical potentials,
(51) with n"tN2(K o) == p.J(BidKred|?]. In Ref.[42] the FSI s not justified(cf. also Refs[38], [49], and[50]). Indeed,

rel L
has been evaluated by a novel approach based upon the dhe struck ”UC|30’} ahavmg four-momentum  squared
servation that the FSI involving two nucleons emitted be-p’?=(v+M —E)2—(k+q)?, can be either on-mass-shell
cause of ground-stateN correlations(two-nucleon rescat- (p’?=M?) or off-mass-shell ’?+M?) depending on the
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10 L i) / 4 © E & . fer v at Q?=2(GeV/c)2. The values of the
® Z ; 4 3 © ie%?’..-" s ] Bjorken variablex are reported in the upper axis.
sT ) S Ay A The experimental data are taken from R¢#6]
10° L b0 e e e n U ° .
0.5 0.7 0.9 1.1 and[3]. Calculations have been performed using
v (GeV) the free nucleon form factors of Ref47], the
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RSC potential 30] for the NN interaction. Dotted
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values ofk andE. Ground-state configurations with<|y| where K=p(M+T,)(dT,/dE,) is a kinematical factor

always give rise. to intermediate off-shéllirtual) nucleons, [with p=|p| (T,) being the momentuntkinetic energy of

whose rescattering amplitudes are expected to decrease withe detected protdrandZ is the number of protons. Within

virtuality, for off-shell nucleons have to interact within short the |A one hask=k,, and E=E,,, wherek,, and E,, are

gmrerse T?tkingn(i:rrt(()j'ﬁcck())gt?]t gwfgshﬁlllsf:}ecciz gﬁ ;nndR[?:]%e]’twothe experimentally measurable missing momentuky, (
ur results, includi single-nu —\z_ 2 e _

nucleon rescattering(fJ are presenteg in Fig. 15. The agreeme@'p_ql) and missing energylm=v-T,~Ta_1), respec-

: . i . ely. The cross section for fixed value kf, will therefore
with the experimental data is good and holds in the WhOIeexhibit the shell-model structure given by the “one-

low-energy side of the QE peak. To sum up, both initial Statehole"spectral functiorP, [see Eq(12)], appearing as peaks

correlatl_ons and final state interaction resemble_the ones o%’orresponding to the single-particle states located at values
curring in the deuteron, apart from the CM motion and the_"
m=|e.] not affected byk,. For large values ofk,

binding of the pair in a complex nucleus; we have shown tha 1 .
: . ) . (>1.5fm™ ") one is expected to observe the structure gen-
the effects oNN correlations on the inclusive cross section .
erated by the correlated paR,, i.e. a peak located at

atx>1 can be described by applying the factorization hy-—~"""" L2 - .
pothesis to the initial as well as to the final states. Em~(A=2)/(A 1)km/2M, whose posmon changes W'th
the value ofk,,. Such a picture has indeed been experimen-

VI. NN CORRELATIONS AND EXCLUSIVE TABLE Il. Comparison of the mean removal energy in various
QUASIELASTIC ELECTRON SCATTERING nuclei extracted from the energy-weighted sum r(ée) [40]

The most direct way to check obN correlation descrip- ({E)) with the corresponding value calculeted \{:ithin the exte_nded
tion of the spectral function would be by exclusive experi-2NC model of the nucleon spectral functio(B)™). The experi-

. . . mental values of the total binding energy per particig)(and the
men;[s, in which either botk andE are measurede.g., a . mean values of the nucleon kinetic enerdi ), obtained within
(e,e'N) process or the two nucleon_s of the eorrelated PaIr many-body approaches, are also reported.
are knocked out and detected in coincidenaeg., a
(e,e’'2N) process We briefly discuss the first process,

& T E E)"
which, as already pointed out, has provided a direct evidencgucleus (MeAV) (,&e{/) (,\<,|ez/) (§\,|e>\,)
of the two-nucleon correlation modgh,6]. As a matter of
fact, within the A the exclusive cross section for the process C 1.7 32.4 44.9 44.8
A(e,e'p)X is directly proportional to the proton spectral O -8.0 30.9 44.8 46.5
function through “ca -8.5 33.8 50.1 49.6

*Fe -8.8 32.7 49.7 48.9
d®o 208pp -7.9 38.2 53.7 51.8

=KZoe Po(k,E)+Py(k,E)], (72

dE, dQ,dQ,dE
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TABLE lIl. Values of the parametera®, B(?, andC(® ap- TABLE IV. Values of the parametera®, B, c(®, p©,
pearing in the parametrizatiqi1) of the nucleon momentum dis- E(©®, andF(® appearing in the parametrizatigAl) of the “one-
tribution ny(k) corresponding to the ground-to-ground transition hole part” of the nucleon momentum distributiog(k) [Eq. (26)]

[Eqg. (25)] for few-body systems. for complex nuclei and nuclear matter.
3He Nucl A B(® c© D© E© =(V]
Nucleus 2y (proton “He UCRUS  fm3)  (fm®d  (fm?d  @mYH  (m®  (fm®)
AP(fmd) 157.4 317 4.33 e 261 266 354
B{?(fm?) 1.24 1.32 1.54 %0 274 333  6.66
cO(fm?) 18.3 5.98 0.419 “ca 324 372 111
AL (fmd) 0.234 0.00266 5.49 Fe 357 497 19.8  15.0
B (fm2) 1.27 0.365 4.90 208y 1.80 4.77 25.5 40.3
cO(fm?) A=
A(gO)(fmii) 0.00623 (k<k|:) 1.08 0.118
B (fm?) 0.220
cP(fm?) also include contributions from FSI and meson exchange

currents (MEC). The structure predicted by Ed72) is
clearly seen, i.e., the two-body disintegration peak located at
tally observed in the few-nucleon systems, where only oné&,,=5.5 MeV in *He (X= 2H) and E;,;=19.8 MeV in
peak is generated b, at E,,=E, [see Eq.(17)]. The  “He (X= 3He) as well as the correlation pe&orrespond-
cross sections for the processéble(e,e’p)X and “He ing to X=np in *He andX=n?H,npn in *He) located at
(e,e’p)X, measured in Ref§5] and[6] at various values of E ~k?/4M in *He andE,,~k?/3M in *He. It can be seen
the proton detection anglé,, are presented in Fig. 16, thatthe presence of FSI and MEC, which are clearly relevant
where they are compared with our predictions within the 1Aat 6,=90° in %He and 0p=134° in “He, only affect the
[Eq. (72)] and with the results of a calculati¢fl,52 which  magnitude of the correlation peak, without sharply modify-

2H(e, €)X *He(e, e)X SPFe(e, €)X
1.|7 115 1]4 X
_. 810 ﬁ} {)% B
s [Erd
P -
s - ‘N; _____ 7
; T :
w
T y=-03GeVic FIG. 15. Nuclear scaling func-
o . . . tion F(y,q) for 2H, “He, and
0o 40 8O 120 160 %Fe versus the squared three-
19 1.7 16 x momentum transfeg? for fixed

values of the scaling variablg
[2]. The values of the Bjorken
variablex are shown in the upper
axis. Dotted lines: impulse ap-
proximation obtained using our
extended 2NC model of the
nucleon spectral function; dashed
lines: correlated NN pair contribu-
tion; dot-dashed linesone-hole
contribution; solid line: 1A+ full

x final state interactiop42)].
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3He(e,e'p)X 4He(e,e'p)X

T T 5 T T T

T T
k _~ 400 MeV/c
m

: ——
k_~ 410 MeV/c ]

0 =108° |
s [ o |

5 T T T
FIG. 16. Exclusive cross sections for the pro-
cesses®He(e,e’p)X and “He(e,e’'p)X versus
the missing energ¥,, for various values of the
detection angleéd, of the proton. The solid histo-
grams show the data of R¢6] for *He and Ref.
[6] for “He after radiative corrections. Dotted
lines: impulse approximatiofEq. (72)] calcu-
lated using our extended 2NC model for the
o 30 80 90 120 150 nucleon spectral function and adopting the free
E_(MeV) E_ (MeV) nucleon form factors of Refl47] and theccl
prescription of Ref[48] for o¢,. Dashed lines:
4 ——T ——T distorted wave impulse approximatich meson
exchange currents calculated in R¢&1] for
%He and in Ref[52] for “He. The arrows locate
the values oE,,, corresponding to the maxima of
the cross section expected within the IA; the cor-
responding values of the missing momentln
are also reported. Note that within the |A one has
k=k, andE=E,,.
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ing its width and location. Thus th&(e,e’N)X reaction off  of the spectral function. We have verified posteriori the
few-nucleon system is a direct confirmation of the validity of correctness of the factorization assumption by comparing our
our model spectral function as well as of the original 2NCmodel spectral function with thexactones in case of the
model of Ref[38] as far as the peak location is concerned.three-nucleon system and infinite nuclear matter; the main
outcome of such a comparison is a very good agreement in
the range of energy and momentum pertaining to the region
of two-nucleon correlations, which is the one investigated in
We have demonstrated that at high value& @hdE the  the present paper. As discussed in Sec. 1V, two-nucleon cor-
nucleon spectral function can be expressed as a convolutidiglations cover a range of values of nucleon momenkum
integral involving the momentum distributions of the relative and removal energ§ characterized by
and center-of-mass motion of a correlated nucleon-nucleon
pair. The basic step leading to such a convolution formula is

VIl. SUMMARY AND CONCLUSIONS

-1
the assumption of the factorizatigA5) of the nuclear wave k=2 fm™,
function, which we claim to be the basic configuration which
produces the high-momentum and high removal energy part A—2 K2
E <E<E@+ A1 oLl 2]
TABLE V. Values of the parametes™, B®, ¢ andD® N
appearing in the parametrizati¢h2) of the “correlated part” of (k2 )8 In2 K
the nucleon momentum distributiam, (k) [Eq. (24)] for various 4\ /C'\"—[l_ v, (73
nuclei. 3 M
A B(® c D@ ) )

Nucleus (fm3) (fm?) (fm3) (fm?) with y=[A—1/2(A-2)kew)/(Ke)) and E. ~30-50

MeV, which leads, e.g., fok=2.0, 2.5, 3.0 fm?, to 30
*He 0.665 2.15 0.0244 0.22 MeV <E<110, 150, 190 MeV for3He, and 50 MeV
e 0.426 1.60 0.0237 0.22 <E<230, 300, 380 MeV for nuclear matter, respectively.
e 0.326 1.40 0.0263 0.22 Outside this range, the effects from three-nucleon correla-
4ca 0.419 1.77 0.0282 0.22 tions (i.e., the sharing of a nucleon high-momentum compo-
SéFe 0.230 1.20 0.0286 0.22 nent by two other nucleohss well as from final state inter-
208pp 0.275 1.01 0.0304 0.22 action between the recoiling nucleon and the-2) system,
A= is expected to modify the picture predicted by two-nucleon
(k<kg) 0.859 0.043 -0.839 0.12 correlations only. As a matter of fact, the model and exact
A= spectral functions ofHe substantially differ in the region of
(k>Kg) 0.432 0.97 0.0313 0.22 values ofE well outside the range given by E(.3). On the

other hand side, in case of infinite nuclear matter, for which
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realistic many-body calculations include only ground-stateremark, we would like to point out that a direct check of the

2p—2h correlations, so that the three-nucleon continuumfactorization assumption would provide a conclusive and

states are absent, the model and the exact spectral functiosgingent test of the validity of the convolution model.

are in very good agreement in the full range of existing cal-

culat!ons atk>kg . Th_usf we are very confident that the con- ACKNOWLEDGMENTS

volution formula realistically describes the high-momentum

and high removal energy parts of the nucleon spectral func- The authors gratefully acknowledge A. Baldo, M. Bor-

tion in complex nuclei generated by two-nucleon correla-fomeo, W. Dickhoff, L.L. Frankfurt, E. Pace, A. Polls, G.

tions. Salme S. Scopetta, and M.I. Strikman for many fruitful dis-
Using the convolution formula for the spectral function cussions and enlightening remarks during the past years.

we have calculated the cross section for inclusive and exclufhanks are also due to O. Benhar for supplying us with the

sive quasielastic electron scattering off nuclei. The latter pronumerical output of his calculations of the nucleon spectral

cess can provide a direct check of the E correlation de- function in infinite nuclear matter.

pendence of the spectral function, and available data do

indeed confirm the correctness of the convolution model. As APPENDIX

for inclusive scattering, we have shown that the cross section

at x<2 can be interpreted as due to the coupling of the In this Appendix a simple parametrization of the nucleon

virtual photon to a correlated nucleon-nucleon pair and thenomentum distributionsig(k) [Eq. (23)] and n,(k) [Eq.

experimental data can quantitatively be explained provide@4)], shown in Fig. 1, is presented. Fog(k) the following

the final state interaction is taken into account. As a finafunctional forms have been adopted:

m 8O
no(k)= A — ——— for A=2,3,4
o(k) ;1 (11 CK?)?2
= A B 11 COK24 DOKI+EOKS+ FOKE]  for 4<A<e, (A1)
|
The values of the parameters appearing in(B&4.) are listed o123 ,
in Tables Il and IV. Forn;(k), we have adopted a simple ny(k)=7.40-———=5>5+0.013® 023%"  (A3)

2\2
two-Gaussian behavior for all nuclei considered in this paper (1+3.2%%)

(but 2He), viz.

n,(k)=ADe Bk cg-DMi (A2) _ _ _ o
with k in fm~1 and ny(k) in fm3. The normalization of

The values of the parameters appearing in@@,) are listed ng(k) and n,(k) are as in Eq(28). Finally, it should be
in Table V. For *He the following parametrization nicely pointed out that the quality of the parametrizations adopted is

reproduces the results of R¢20]: satisfactory for all nuclei considered.
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