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ABSTRACT

We reexamine the role of two particle-two hole (2pZh)
ground; state correlations: (GSC) on electron scattering in
the- . quasi-elastic region.. An extended RPA including
explicitly the interaction. of 1plh excitations with both
2p2h-and’ 3p3h excitations in the fipal state is presented.
Formulas . for the longitudinal and transverse structure
functions are given in the. framework of the Fermi gas
model of the nucleus. As. an example, _humerical results for

s s < . _ 68 :
the spin-isospin response.in ~ Fe are shown. We conclude

that the effect of. the. GSC on the static structure.

functions.is negllglble

In  quasielastic electron scattering the electron
penstrates well inside the hucieus. It thus probes the bulk .of the

nuclear charge.and magnetization densities, which are fairly well

.deseribed by single-particle degrees of freedom  of nucleons in .

'nuclea._r, matter. In other words, the detailed treatment of the

e_lethrqma_.gnetic structure function does not differ dramatically

from the mean: field result for nuclear matter.

In fact, the Ffirst sys;témat_ic_experimental results for the
total inclusive ({e,e’) cross. sections have been successfully
described. within the 'nuclear- Fermi~gas . model [1]. More recent
experiments; [2] have allowed for the. separ_ate.de,termination of the
longitudinal SL and transverse: ST' structure.. functions;. related
respectively to the charge and current density. distributions:. of- the
nucleus. . The observation: that both SL and S’I‘ ‘are poorly.described.
by fnee_structure functicons came as a surprise, and gave rise to
many:attempts. to understand the. apparent failure of the independent
pa:.'_t'ic_:ie' picture. They. rahge from: conventicnal . nonrelativistic
many-body" treatmenis, such. as _RPA,. second. RPA' (SRPA).. or extended. .
secoﬁd BPA: (ESRPA) - to relatwismc mean = field theomes
Mod1f1c:at10ns of the nucleon pr'opertles 1ns1de the: nuclear medium,
as- well as subnuclear degrees: of freedom,. generically. called meson .
exchange curtrents (MEC}_ (such as A-excitations. and m production),

have.also been considered,

The RPA correlations .ar'e_ important in the. longitudinal
structure function at low momentum—-tr.a.nsf‘er but: become negligible
at about 400-500 MeV/c. Regarding. the transverse- structure
f‘uﬁction, they preduce the necessary quenching and lead to fitting,
the data fairly well in the low energy region, while at higher
ener"gie_s {and in particular  in the dip—l:éwg“ién between the
quaéi—elastic and the A-peak) the. predicted value is tog low as

compared with experiment. This shortcoming points to the relevance




o_f mt.)r;.e complicatét;l' pr‘ocesses.r . ‘ ) : TDA limit. Most of the.conclusiohs of thé present work will be
The: SRPA. approximation is -t;-_> a..lar'ét—:- extent a hybr‘i_c‘l.-' ef the valid for both the 1onéitudina1 and the {ransverse siructure
f{pA. and optical mod(.-:} approaches: and"takes into account the effect functions. Therefore we:sketch. here the main _for-rﬁulas of the ETRFA
c_)f.._.:t.he coupling. of the iplh and 'ép&h configurations in the final in nuciear matfer for both structure functions.
.sta.te.-. {3,4]. This additfonal coupling Pec_iistrii:utgs the We start. with the Bethe-Salpeter equation for the polarization-
q:iasielé,stic ..st-r.-ength over the q-w piane; namely, .it reduces. the propagator . h

aquasi‘e,last-icz peak heights bi;oa.dening the -distributions, shifts the .
' ‘ [hm—ﬂfoﬂn]-l D0

- Lo oo o : . o .0
position. of the: peaks, and enhances the: high- and low-energy tails G=G +G UG ; (_“,0(-:eJ]~_4§l1 e
' ' ' 0- ~[hwt¥ —in]

(1)
of “both: structure functions. The ESRPA incorporates: also the 2pzZh

ground::; state. correlations (GSC) in a pertubative way ([5-7]. . T : .
. : - where HD is the one~body Hamilfoniam, V¥ the-residual. interacticn .
However:, - neither SRPA nor ESRPA are able to generate additional T 2 a i . - :
’ o and =3n A/Ekl_-_ the quantization wvolume.: The: upper and. . lower:

strength [67. : : L T g
’ T submatrices - of the. unperturbed' peolarizatiom: propagator G are

Two-body - MEC; first considered in- this context by Van Orden . - e L
. - ] - : evaluated - between: forward. . np-nh. and:. backward ' nh-np: pairs;

and. Donnelly [8], can lead: directly to two particle excitations in ) . ' B L ' . 3
’ : respectively, with-n=1,2 and 3; and the response R is. expressed  in.
the continuum and twe- holes: in the residual system. Alsoc the ) ’

_ _ terms of G and the one—body_' _operator. 0. We:get [131 ¢
one-body: current’ operator, when combined to 2p2h GSC, produces the L o s o
y o _ ] o & E , . o ol L
same: final states. Both processes, as well as the corresponding - R= 068 &= & + 6 V6. {2)
i.nt_ierfer':e'nc_e.— terms, have. been. carefully studied by Alberico, ] with
" Erdcson and: Molinari [9] in 1984. Since then it has been widely - o -® g o
) _ t o 11 o BT
stated” in the: literature (e.g. refs. [10,111) that these effects, o=} 02 ; BT = Q G22 Q
; ” 2 o
: e : o 1 o 0 G
and: in: particular. the last: one, coensiderably increases the 3 L . 33
S i : : . (3)
trahsyerse: structure function in the dip-region, improving in this
' : v GGG
* vay agreement with data (see figs.9-12 in ref. [9]). 12: 13 R ¢ Gtz: Gl:?
. : B ' . : ¥ = 22 zaLp 6= 1 Gy G G '
The chief purpose of the present letter is to bring into play G G G
. 32, 33 31 3z 33
the. 3p3h excitations in the final state, which also become involved
as. soonr as the 2p2h GSC are included. We will use the extended ) where 0 =¢n|0|0>, ¥ =<ni¥|n’>, G =<n|G|n’> and ngz<niG°|n>. o .
: ©on ' nn’ B
third RPA' (ETRPA), of which the formalism developed in ref. [12] is When ¥_, V Vaz and Vaz are negl.ected (as is usually done..
22" 23 . - .
@




‘@

[3-6,12}) the tbt‘al'polarization propagator can be put in the form:

0 o
Gy Gy 1% GiyYioas
_ 0 o 1)
6= G22V21G1: Gzz 0 . (
(] ) o
GV Gy O Cas
where
ot .
= - - (5)
Gu I:{Gn] ‘Vn 211] '
and '
I A o N A e (8)

11 1222 2t 13 33 31,
is. the particle-hole. self-energy.
The: primary. focus:  of this work 1is to investigate the
ibuts . 0.l o . '
contribution of the: terms: O, 62202 and .0 G3303 to the structure
functicn

sdui= T <m0 0> |00 )= T 1n R(F W), (D)
=>0 *

when one’ includes the GSC by first order perturbation: theory, i.e.,
. 0,1 ’ .
10>=|BF>-{#") "V |HE>. - _ (8)

Thus. we- have: to evaluate:
esc_ & o o ) )
=— — L - . . g
s ZIn(0.+C_0, + 0.+G 0) (9)

For the sake of completeness, fermulas for the zero order and RPA

A

strength functions,- 5% and 5 ®F , will also be shown.

The:. one body operators 0 carry the quantum numbers I={TSM}

‘which stand, respectively, for the isospin, the spin and the
spin-prejection on the quantazaticn axis chosen along the direciion
of the momentum transfer 3 They are of the form

Y -2

. Ed
1A -ig-r 2
o‘{a’)so‘*(—é)=pntq)§ ):0:(3)9 T FD[q)=[1'+{%l;e—v] . (10)
. 1=1

where FD(q) is the usual electromagnetic yNN fo'Lim factor [14]. When

the convection current is neglected one has: ODQO=1, 0m°=13[n) and
| n
gm=glm=1 for the electric operaters and g% oy (Eg)x;( nll,

O:u=i.(3x3(n])‘ra(n] and g°u=p5po, g111=pvu° (with ;10=h./2]~ic,
#s=0.880. -pv=4.708) for the magnetic operators. It is clear that
the correspending structure functions carry the .samé sets of
quantum numbers, agd that RL=R°°°+R1°° and Rr=R°11+R1“.

Expressed by means of dimensionless quantities 3=<_1)/k[__ and

v=hiu/2s:}_. the single particle structure functions read:

0 Q kr °
s {3.0}=€(Q)€ 5| 1@, (11}
with
_ . (2 2] 2 2
5L =F, (@) Bt il ulian) (@), (12]
and
I(a,u)=Id?9([§+6['—1}B(1—|2|]6(1;—?'6*(22/2)‘ {13a).

We shall employ the so-called ring approximation, which

neglects the exchange matrix elements of V. Moreover, we will deal




with an interaction of the form

Viq.0) = § v'(qe) 3'(a) 8'a), o (1)
T .
where the. operators al(q} are obtained from the operators 0[(3) by
the:subétitutibns raa? and aaq and the dot represents the scalar
praoduct. in both moementum-spin and isospin spaces.
The. corresponding RPA strength fu'nctions are:
29-1

o
sz"*(ﬁ”;m:sg{d.u}{[[l—v“"”{q.um(d,v)] +[v°°°[Q.v]I(3.u) _
. (15a)

2 . 2x~1
+[[1—v1°°(q,um(3,,v)] +[v1°°(a,v)r(3.»)] ] } .

. ) . 2 22-1
sl“."‘(a','v-hsg(a,v){#z[[i—v"“(Q.v}‘R(d,v)] [ @midy
o ' ' (15b)
? [ it I TP
w1 @z [ @urdn] | Hiee?]
where
K 3
I _2F} 1
Q)= gt (0 2) (18)
R .
and
2
R(T, »)=~ }-{?Jd?e(1—|i|)e(|i’+d|-1][_ﬁ%g'af—q—zl . (13b)
v2- (R-@ra?r2)

The first term in (9) (with 2p2h excitations on the energy

p : - . B o T o e 0T

¥ e [ P

R B . . L B b e S
shell} give rise to six topologicdlly distinct diagrams {8,151, Two:
of them, labelled as 2P and 2H and which are the dominent eneg, are .

displayed in the upper part of fig. 1, thelr analytic expressions -

are:

. 2 '
s‘;'sc(d,u)% Z(2T+1)2HJ'd?df[vT5H(K,O)] #,R,L.8w), . ary
TSH .

with‘

¢ RD3 v)_B(Ifl—i)e(-l—lid-f—ﬁ’l]e{]f—ﬁl—l)
2 [2p-20.3+0%1%

. _ - (18a)
xS° 1K, v-Br (FR)+(B-B) 221,
» i _
9 (RDG 2 [EpecR2g]-nec1-| T
- : [2v-20.3-0%1% .
{18h) -

x8°[K, p-L (B-B)-(3-R)2/2] .

The second term in (9) (with~3p3h.excit_a.tiqﬁs.on ’r.-heéner*g&_r shell}
contains three linked diagrams, which are labeled as 3F, 3H and 3PE
and are shown in the middle part of fig.1. The first two have the

same topological structure as the graphs 2P and 2H with

¢ (218, UEI-1IC [R-B-B|-11001-|F+8])

¥ [2v+20-3-0°%17
. (18¢). .

<8P (R, v+l (BB + (+B) 2r2-K2] .




et

and

'

#, R.E3 e 00 12e01- ;m-apg(f:. -3j-1)
[2v+2P. 6+Q ]

xS0 [R, peBe (BeR)-(GeR) Zraeg®] (184)

the diagram 3P and 3H from contrlbutlng This is not correct, and

the- exclusion princ1p1e has to be ignored in the - construction of

3p3h graphs. This fact is connected with the <ancellation of the

unllnked diagrams. ag explalned in the lower part of the fig. I.I

The: 3P tern stems from the: graph 3P’ which involves the following.

events: 1} two particles in levels h and h below the Fermi
surface gecatter 1nto levels P, and P, above the Fermi surface {the
spontaneous creation. of Zp2h pairs from the unperturbed Eround
state) ; {i) the 1nteraction with the electron next lifts the thtrd
pParticle in the state h, with h =h=h2 te the state D and then
drops: if again inte the level h; iii] finally, the particles in the
levels P, and P, scatter into the holes h and h leaving the
electron to propagate freely. Now, the diagram 3P’ can be rewritten
as the sum of the diagrams 3P*' ang 3P. The first one is unlinked
and should be disregarded by Goldstone's theorem {171, leaving just

the graph 3p.

1

The interpretation of the Pauli-violating diagrams 3P ang 3H is
analog to that of the graphs which represent the admixtures of the
single particle excitation with 3p2h configurations [1817.

While the ternms 2P, 2H, 3P and 3H receive contributions frop
all mI. only the residual interaction which carries the sape
quantum numbers TSN as the electromagnetic vertex o will
cantribute to the RPA-1ike diagram 3PH.

Numerical calculations have been performed with the-following
parametrization for the residual interaction wWithin the

spin—isospin channels:

2
&ﬁuo(q.w]=CI(q,w]g‘—Cu(q,mJ g

- “(q,w]:f.‘u(q,w)g'-Cp(q,w] 1 (i9)
e q® +n
. -} 2 2
where g'=0,7, C“,p(q.m)— FI'p(q,w)fn]p/un;p, and
A . (%2
IRCANE *-——ﬁa L £ . . (20,

o ~(hw) +(hcq]2

with A 1.3 Ge? and A =2 GeV [10]. Reliable merentum - dependencies,
for the remalnxng coupllng constants 3 (q,w) are not avallable
andtherefore wiil not be considered, here. The contr:butlons of each
of the four diagrams mentloned above are shown in flg 2, together

With sum of the first two and with the total Sum. It is seen that
state is very small. A similap result has been obtained recently in
the study of the Gamow-Teller resonances [13]).

Let us discuss now the static siructure functions

SC(QJ=h]s°5°tQ.qum ) (21

10




tend to canéel the above strength ending up much the same as it o

The following relationships are fulfilled: _ ) ) Would have without a.ny GSC at =all.

it is worth mentioning that this result is r-a.ther msenmt].ve to

¥ q) ~ G5"(Q)—s ( ) sE Q) =BIQIN, /2 (22) ) ) i
=P 3P . > : o the residual interaction employed. We also stress that the above '
. ctatements . concern solely the wvalue -of 'the statie structure
where: : i
functions, eq. (19) The actual ' energy distributicn of the '
o : _ |
¥ 2 . . e J structure functlons will depend i‘urthermore on the comb1ned effects
L (21+1)2" [dRaB_oF vTS“(K,O)] '
> [21:)3 5w 12 of the strength redxstmbuting contributions (self ener'gy eff‘ects
: (23)
and non—dlagonal terms in the propaga.tor‘ G) In pa.rt1cula.r‘, one Ray
e(h‘:’ [-eC1-|B +R e (|7 |-118(1- |? 2]) o
v expect that the net. effect aof the latter w111 consist in snlfting
(€ & (B B )1°
low energy strength upwards [4-8, 14] thus still producmg the
“and. Ny is: the number of particies above the . Fermi level [8]. Our’ ef‘fect of f‘:llmg the dip betueen the quasx—elastm and A peaks A
calcu-lation_ yields,N>=lE'n.2', which means that about 289% of particles detalled. account of this will be repqr'ted elsewhet'e '
are . excited from the 58pe  core. Moreover, we get that Acknowledgment .
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The main concl._usions regarding the GSC are as follows:

{1) The scattering - processes 2P and Z2H, introduced by
Atberico. Ericson and Molinari (101 inflate the RPA strength by
about 20% (33%) when the 2pzh states. up to 20C HeV (500 MeV) are
included.

{2) The ph-pair creation processes 3P and 3H, bring in here,

11 ' 12
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Figure Captions

Fig. iv-ﬁiégbammatié'representation of the second order spontaneous
excitations from the unperturbed ground state. The upper row shows
the most relevant processes with 2p2h stateé on the energy shell
The. middle row illustrates the contributions to the structure
function which come from the admixtures of_3p3h configurations in
Eﬂe. finél state. The lower ‘part explains thé origin of the
.Pauli—violating linked diagrams. The encircled crosses denote the
‘one-body vertices and dots indicate the two-body matrix elements.
Fig: 2~ Mumerical results for the transverse structure function
bui kt on: the CSC. The Fermi wave number is k. =1.20 fm_l.; The
individual contributions age indicated by dotted curves, The
dot-ddshed curve is the partial contribution of the 2P and 2H

processes, while the continuous curve represent the total strength,
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