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Ground-state correlations and final state interactions in the processSHe(e,e’pp)n
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The two-proton emission processie(e,e’pp)n is theoretically investigated using realistic three-nucleon
wave functions and taking the final state interaction into account by an approach which can be used when the
value of the three-nucleon invariant mass is either below or above the pion emission threshold. Various
kinematical conditions which enhance or minimize the effects of the final state interaction are thoroughly
analyzed.
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[. INTRODUCTION philosophical taste rather than by the results of solid calcu-
lations and unambiguous experimental data. A clear-cut an-
The investigation of ground-state correlatiof@SCO in  swer to the above question would require, from one side,
nuclei, in particular those which originate from the most pe-realistic many-body calculations of bound and continuum
culiar features of the nucleon-nucleoN ) interaction, i.e., nuclear states, and, from the other side, a wise choice of the
its strong short range repulsion and complex state deperkinematics and of the type of process to be investigated, so
dence(spin, isospin, tensor, ej¢.is one of the most chal- as to possibly minimize all those effects which compete with
lenging aspects of experimental and theoretical nuclear phy$sSC. In this respect, of particular usefulness is the two-
ics and, more generally, of hadronic physics. The results oproton emission procesa(e,e’pp)X, where MEC play a
sophisticated few- and many-body calculations in terms ofninor role [with respect to the proton-neutron emission
realistic models of the\N interaction[1—3] show that the A(e,e’pn)X], since the virtual photon does not couple to the
complex structure of the latter generates a rich correlatioexchanged neutral meson, and IC production is also sup-
structure of the nuclear ground-state wave function. The expressed thanks to angular momentum and parity conservation
perimental investigation of the nuclear wave function or, bet-selection rulessee, e.g., Ref5,6]).
ter, of various density matricep(1),p(1,1'),p(1,2), etc., is The investigation of the two-nucleon emission processes
therefore necessary in order to ascertain whether the predibas considerably progressed during the last few years, both
tion of the standard modebf nuclei (structureless nonrela- in the few-body systems and the complex nuclei domains. In
tivistic nucleons interacting via the knowxN forceg is in-  the latter case, extensive theoretical studies on the
deed justified in practice, or other phenomena, e.g.A(ee’pp)X process have been performéske, e.g., Refs.
relativistic effects, many-body forces, medium modification[7—9] and references therginaimed at developing various
of nucleon properties, and explicit subnucleonic degrees dfheoretical frameworks to treat GSC and FSI, together with
freedom(quark and gluons have to be advocated in order to competing effects, such as MEC, and, at the same time, ex-
describe ground-state properties of nuclei at normal densitperimental data have been obtair(sde, e.g., Ref$10,11]),
and temperature. which provided nontrivial evidence of GSC effects. The
Unfortunately, whereas the one-body density matrixtreatment of the two-nucleon emission process from few-
(charge densityis experimentally well known since many body systems, which represents the object of the present in-
years from elastic electron scatterifape, e.g., Ref4]), the  vestigation, has the nontrivial theoretical advantage that ex-
present knowledge of those quantities which are more sensict ground-state wave functions from variational or Faddeev-
tive to GSC, e.g., the nondiagonal one-body and two-bodyype calculations(see, e.g., Refd.1,12,13 and references
density matrices, which could in principle be investigated bytherein can be used in the calculations, thus exploiting the
nucleon (N) emission processes like, e.g., thAé¢e,e’N)X  whole realistic picture of GSC; moreover, provided the final
andA(e,e’NN)X reactions, is still too scarce. The reason isthree-nucleon invariant masgs is below the pion produc-
that the effects from final state interactiofSl), meson ex- tion threshold (/s=2.95 GeV), accurate continuum wave
change current$MEC), and isobar configuratioflC) cre-  functions are also availablgl4], so that a fully consistent
ation may mask the effects generated by GSC. In our viewtreatment of both GSC and FSI effects in the process
the present situation is such that the long-standing questiofHe(e,e’pp)n at low four-momentum transfer has been re-
whether FSI and other concurrent processes hinder the invesently developed1,14,30 Moreover, experimental data at
tigation of GSC, has not yet been clearly answered. Moretfow momentum transfer@2~0.1 GeVk?, Q?=¢?— 12, v
over, due to the difficulty to treat consistently GSC, FSI,~0.2 GeV) became available from NIKHEFRS5], which
MEC, etc., within the full complexity of the nuclear many- made it possible to produce a significant comparison be-
body approach, the answer was in the past merely dictated aween theoretical predictions and experimental data.
In this paper we are interested in medium and high mo-
mentum transfer regions; the reason is twofdid: by in-
*On leave from Bogoliubov Lab. Theor. Phys., JINR, Dubna,creasing the momentum transfer, one might be able to inves-
Russia. tigate the momentum space wave function in a broader
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kinematical region(ii) processes at high momentum transfer

could provide crucial information on the origin and the very

mechanism of hadronic rescattering in the medi[d6], Q P
which has so far been investigated with simple three-body

wave functions. Realistic calculations at intermediate and

high values ofQ? are therefore timely, also in view of run- p
ning experiments at TJLab covering a region of intermediate
values ofQ? (v~0.4—-1 GeV,Q?~0.5-2 GeVt?) [17]. It
should be reminded, at this point, that when the momentum P

transfer is such that the three-nucleon invariant mass is 3

higher than the pion production threshold, Faddeev-like cal- £ 1. The one photon exchange diagram for the two-nucleon
culations in the continuum cannot be performed, and the ney) emission off 3He, 3He(e,e’N;N,)N;. Q2 is the four-
cessity arises for developing a proper treatment of elastigomentum transfer angk denotes the four-momentum of nucleon
rescattering effects, in presence of inelastic channels. It i, in the final stateN; andN, denote the detected nucleons.
precisely the aim of this paper to present such a treatment,

and to thoroughly analyze the possibility that by a proper 3
choice of the kinematics, the effects of FSI in the process v+Mz=2, (MZ+p?)*2, (3)
3He(e,e’pp)n could be minimized. We would like to stress =1

that our aim is not that of a direct comparison wittill

lacking experimental data in this region of momentum WhereMy and M; are the masses of the nucleon and the
transfer, since, as previously stated, that would require reée-nucleon system, respectively. _ o
proper consideration of effects competing with GSC, but N one-photon exchange approximation, depicted in Fig.
rather to try to understand whether particular kinematicafll: the cross section of the process, reads as follows:
conditions exist which could minimize the effects from FSI,

a necessary condition for a meaningful investigation of GSC. d*o

Preliminary results of our calculations have already been pre- deo dQe dp,dp,dps

sented in Ref[18]. Through this paper we shall be using the

three-body wave functions obtained by the Pisa group 6 3
[13,19. = o 2, VarWa+ 3 4= 2 P

Our paper is organized as follows: in Sec. Il some general
concepts concerning the kinematics of the process and the
cross section will be recalled; our approach to the treatment X6
of FSI is illustrated in Sec. lll, together with the results of

calculations; the summary and conclusions are given in Sec. . .
wherev, are well known kinematical factors, andl, the

IV. Some useful formulas concerning two-nucleon correla- functi hich h the followi  form:
tions in nuclei are given in the Appendix. response functionwhich have the following general form:

3

v+Ms— D, (Mﬁ+p?>l’z), (4
i=1

- (-) 7 ) 2
Il. KINEMATICS AND CROSS SECTION We =¥ (P12 Pl Ol @ ilka o ko). (5)

We will consider the absorption of a virtual photg#t by N Ed. (5) Wi (p1.p2,ps) andW;(ky,kz,k3) are the con-
a nucleon bound ifHe, followed by two-nucleon emission, tinuum and ground—statg wave functions of the three-body
i.e., the processHe(e,e’N;N,)N;, whereN; and N, de-  system, respectively, an@,(q) is a quantity depending on
note the nucleons which are detected. In the rest of this pap@roper combinations of the components of the nucleon cur-
the photon four-momentum transfer will be denoted by rent operatoﬁ” (see, e.g., Ref4]). Two nucleon emission
originated byNN correlations can occur because of two dif-
ferent processes:

(i) In the initial state “1” and “2” are correlated and “3”
is far apart;y* is absorbed either by 1 or 2 and all of the
where k=(¢,k) is the four-momentum of the electron, three-nucleons are emitted in the continuum; if nucleon 3
=Ke—Kgr , v=€a— €or, aNd o= 01, - was at rest in the initial state, one Has= - ks anq, if FSI is

] disregardedp; )= ki (2)+ 0, P2(1)=Kz(1) in the final state.

(i) In the initial state nucleons 1 and 2 are correlated and
3 is far apart;y* is absorbed byN; and all of the three-
nucleons are emitted in the continuum.Nf; was at rest

0
QZZ _q2: _(ke_ke,)2:q2_ V2:46e6e’ SinZ?ea (1

The momenta of the bound nucleons, befgie absorp-
tion, will be denoted by;, and aftery* absorption, byp; .
Momentum conservation requires that

3 3 before interaction, and FSI is disregardédtl, and N, are
> k=0, > p=q, 2) emitted back-to-_back vyith _momenmz —k, and P3=q. _
i=1 i=1 The above picture is distorted by FSI. The aim of this
paper is precisely to investigate the relevance of FSI effects
and energy conservation that in both processes.
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2 o’ with
2 p,=k
2 b - A RL(7,Q% Py Prel) = GE(Q*)?- MPP(py prey @), (9)
ll<( 2 P, P,=k,
g P P=k, whereGR(Q?) is the proton electric form factok incorpo-
2 s rates all kinematical variables, ad P (p,,,p,e1,q) is the
transition nuclear form factor which includes the rescat-
o Q? tering, viz.,
k; 1:’17é k] ky pl%kl M(pp)(pn,prel,q)
+ P £k, + Pa2 k; 1
T~ P =k, P,#k, :EE E 2 |T(pp)(M10'n-Sppvzppvpnvprel1q)|2-
M Spp,zpp on
b o (10

FIG. 2. Schematic representation of the various processes con-he scatt_ering matrig PP(M, o, +Spp+>pp+Pn +Prel ,0) has
tributing to the reaction®He(e,e’p.p,)n: () denotes the plane the following form:
wave approximatiofPWA), (b) the pp rescattering(c) the three-

body rescatteringk;(p1),Ko(p,), andk,(p,) denote the momenta TP(M, o, +Sop 2 ppPnsPrer )
of proton 1, proton 2, and the neutron, respectively, in the initial
(final) state. :j dardgpq’(llzw(r,P)X(l/z)(rn
I1l. FINAL STATE INTERACTION IN THE TWO-NUCLEON . t(—) -
>< —
EMISSION PROCESS XH—iPap) U5, (TEXHIar/2), (11)

We will now assume thalN; and Ny, the two detected where W ;,),(r,p) is the three-nucleon wave function,
nucleons, are the two protons ahd the neutron ). The z/xgppygpp(r) the continuum two-proton wave function, and

two-nucleon emission process will thus Bel(e,e’p;p2)n the neutron spinor. In the above and the following
which, as explained, can originate from the two mechanismé((m)".n ' . .
described above equationsy andp are the Jacobi coordinates:

1

A. Process 1: Absorption ofy* by the correlated pp pair r=ri—ry, p=rz— §(r1+ ro). (12
In this processy* is absorbed by proton @) correlated

with proton 2(1), and the neutron is the “spectator.” ~ When pp rescattering is disregarded, i.e., only Figa)2is
The various diagrams, in order of increasing complexity,considered, one has

which contribute to the process are depicted in Fig. 2.
Let us introduce the following quantities: pi=ki+q, pP=ks, pn=k,, (13
(i) the relative momentunof the detected proton pair

_ _ q _
prelzplzpzzt; (6) prel_krel+§v P—K+q, (14)
(i) the center-of-mass momentunfi the pair where
_ k,;—k
=pi+D,.
P=p1tP2 ™ krellezy K=k;+k,=—kjy (15

In what follows, for ease of presentation, and also in order to

make the comparison with previous calculations more transare the relative and center of mgssm) momenta of thepp

parent, we will consider the effects of the FSI on the longi-pair before interaction. The two-proton continuum wave

tudinal response only. Let us first consider Figg) 2nd(b),  function is simplyd/‘S s (N=xs s expip.r) and the

i.e., the plane wave approximation plus e rescattering in scattering amplitudgpﬁe%%mes PpITRR

the final state. By changing the momentum variables fpgm

andp, to P and , and integrating the cross sectifiq. (PP)

4] gf/erP and tFr){;I kinetic engrgy ogf the neutron, Weﬁ_?)qbtain THP(M.00.Spp:pp Pn-Prer @)
—TPWAM,04,S0p.2 pp Kn Krel)

déo
deedQedQy dPreid(, = J d’rd®pW (12 (T P) X (112)0r,
—K(Q%%.Pn Pre) RL(»Q%Pn Pret)  (B) XexXpl — iKnp) X,y 5 ., €XP~iKrer), (16)
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which is nothing but the three-body wave function in mo- 10? — ———————— 1
mentum space. .
The scattering amplitude which includes thp rescatter- oF N lkpy!=0
ing has been calculated using the continuum wave function & 107 N 3
for two interacting protons: g AN So, AV18 ]
LU \
t = 107k N\ 3
\
Js s (1) 47sz .? (IMS,pS ppl IM Hi"’ £ \ ]
X(preI)R|S|;Sr(r)Y|;S; (r)r (17) z L \\ I// \\\\\\ g
Yy
~ -6 Yy
where Y,m(pre,)[YI,S, (r)] denotes the sphericalspin- 107¥ \ 3
angulaj harmonics, and?|S|,S,(r) is the scattering radial E 3

. - . . ’8 1 1 1 1 1 1 1
wave functlon_, solution 01_‘ the Scf_nlmger equation in the 100'0 0510 152025 3.0 35 40
continuum, with asymptotic behavior,
Kkl [fm"
sintr — (17/2)+ &, rell tm
tr ’ FIG. 3. The momentum space wave function e corre-
(18 sponding to the configuration in which the neutron is at rest and the
two protons are in the stateS, of relative motion with momentum
wheret=|t|=[p¢/|. In the presence of a tensor interaction k,,,= (k, —k,)/2. Three-body wave function from R4fL9]; AV18
the asymptotic 0R|S|,S,(r) is more complicated but, by a interaction[22].
unitary transformation, other radial wave functions may be
introduced with asymptotic similar to EGL8) (see, e.g., Ref. acts with proton (2), will only depend uponp,e=q/2
[20)). —P2(1. i-e., for a fixed value ofq|, will only depend upon
Inserting Eq.(17) into Eq. (11), and using the complete- |p,(1)| and the angle betweenandp, ;). In PWA, when the
ness of the scattering wave functions, the amplittide in angular momentum of the neutron is zero, also plpepair

|S|rsr(r)|r~>°°—>5||'5ss eXF(I 5|)

Eqg. (10) can be expressed in the following way: has relative angular momentum zero, so that the cross sec-
tion is almost entirely determined by the square of tiSg
TPP(M, 0, Spp+Z pp:Pn+Prer ,0) component of the three-body wave functiob(Kk,e Kk,
> =0), which is shown in Fig. 3.
=_f 12dtd3pd®r exp(—ip,p) The calculated transition form factor is shown in Fig. 4.
™ Calculations have been performed with three-body wave
function obtained in Ref[19] using the Argonne v-18
X 2 (XMyL,M |3 M) (j1oM 153 75| X M) (AV18) interaction[22]. Our results, which are in agreement
laj with the ones of Ref[21] (where a different ground-state
: : wave function has been usedhow that thep p rescattering
X {1 12MazSppv i 12M 121 1My Spp ol 1M 1) is very large and completely distorts the PWA resullts.
X{11MySppr| | MY 1 (Pren) Y1 mg (DY 7 (F) In order to investigate to what extent FSI depend upon the

kinematics of the process, we have also consideredsithe
perparallel (sp) kinematics, according to which one still has

j t it | |prel‘
X expliar/2R!% SO fs D=y (lel), P,=0, p,+p,=0q, but all momenta are collinear, i.eq||z),

19 P1=P2. =0, P1,+Pa=|dl. (20)
where{a} denotes the full set of quantum numbers charac-

terizing the ground -state partia| Conﬁgurations in tﬁee The results of Calculations which are presented in Flg 5,
look very different from the ones shown in Fig. 4. Concern-
ing these differences, the following remarks are in order:

(i) As far as the PWA results are concerned, it can be seen
that the transition matrix elements differ, at the same value of
v, by more than one order of magnitude; the reason is that
the relative momenturk, |, at a given value o, is very
different in the two kinematics, wittk($Y™|>[kP) (e.g., at
will be considered, which corresponds, in plane wave ap#=0.2 GeV one hagk($?|=0.45 fm !, whereas|k$Y™|
proximation (PWA), to a ground-state configuration charac-=2.2 fm ). Since in both kinematick1 WAk, k) is en-
terized by the two protons with equal and opposite momentgirely determined by thelS, three-body wave function
and the neutron with zero momentum. In the sym kinematics¥ (|k,¢||,k,=0), the value ofv at which this exhibits its
the transition form factoM (P (p,,,p,e(,q), Wheny* inter-  minimum is different in the two cases.

wave function, andllp'e"(|p|) are the corresponding overlaps .
with the scattering state wave functions.

In what follows the so-calledymmetriasym) kinematics
[21]

Pn=0; P1t+p2=q

044004-4
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Ip,| [fm ']
1.5 22 275 3.23 3.66 4.1

10° Ipyl=0 Ip,l=lp,
E
= 10%
©°
a
=
s
S 107

10°}

0.1 02 03 04 05 06
V [GeV]
FIG. 4. The transition form factoM (p,,pr,d) [Eq. (10)]
calculated in the symmetric kinemati¢g1]: p;+p,=9q, p,=0,
|p1|=|p2|=\/%(v+M3—Mn)Z—M§, Pre1=0a/2—p3, 012
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ent smaller effects of FSI in Fig. 5. In this respect, it should,
however, be pointed out that at values:0£0.7-0.8 GeV,
i.e., at large values op,,=1 fm~1, where correlation ef-
fects are more relevant, the momentum trangférand the
relative momentum of the proton pair become very large, and
the Schrdinger equation cannot in principle be applied to
describe thepp interaction in the continuurte.g., in the sp
kinematics, when|q|=1 GeV/lc, |p,/=0.5 GeVk, |p|
=1.5 GeVk, |p,e|=1 GeV/c). To treat the case of high
energies, a Glauber-type calculation is in progress and will
be reported elsewhell@4]. Thus it appears that in the sp
kinematics considered in Fig. 5, there exists only a small bin
of v=0.4-0.5 GeV where two-nucleon correlations could be
investigated treating th@p rescattering within the Schro
dinger equation.

The next contribution to be considered is the proton-
neutron rescatterinfFig. 2(c)]. This has been found in Ref.
[21] to provide very small effects, as also recently found in
Ref. [18]. This point will be discussed in detail in the next
section.

=2arccog|/2|p,|. The dashed line corresponds to the plane wave

approximation(PWA) [plane waves for the three-nucleons, process

(@ in Fig. 2], whereas the full line includes thep rescattering
[processa) + procesgb) in Fig. 2]. The value oflg| corresponds
to €,=2 GeV andf,=15° [cf. Eq.(1)], and the range of its varia-
tion with » is 0.52<|q|=<0.75 GeVt. Three-body wave function
from Ref.[19]; AV18 interaction[22].

(i) In Fig. 4 thepp rescattering effects depend upon the
value of the relative momentum of the two protons in the

final state |p,e|=|p1|Sin(#12/2)# |K,el|. Unlike the PWA
case, one halp'Y"|<|psP| [e.g., atr=0.2 GeV one has
|g|=535 MeV/c, |p,|=0.45fm 1, and |p,e|=1.8 fm 1,
in the sp kinematics, andp,|=|p,|=2.2 fm %, 6,
=105°, and|p,e/|=|p1|sin(6;,/2)=1.7 fm~1 in the sym ki-
nematicg. Thus the two-proton relative energy in the final

state is larger in the sp kinematics, which explains the appa

P,y [fm™]
e -046 -1.32 -193 -2.23 -25
& of '\ ol =0 |
£ 107 pl, = 1
= aaf 3
E 107k 1
2 r 1
£ 107 :
= . - :
107 \/ 1
8rpz_.—‘—.pl i
1OO.O 02 04 06 08 10
V [GeV]

FIG. 5. The transition form facto¥ (p,,pPrer,q) [EQ. (10)] cal-
culated in the superparallel kinematicp;(=ps, =0, p1,+ P2,

B. Process 2: Absorption ofy* by the neutron
1. Plane wave approximation and the pp rescattering

We will now consider the proces®He(e,e’p;p,)n, in
which y* interacts with the neutron and the two protons are
emitted and detected. We will consider two extreme cases of
this process, viz(i) in the initial state the neutron is a part-
ner of a correlated proton-neutron pair, with the second pro-
ton far apart from the paiji) in the initial state the neutron
is at rest, far apart from the two correlated protons. Process
(i) has been considered in R¢l4] for the case of both a
neutron and a proton at rest in the initial state. We will com-
pare our results with the ones of Rgt4], considering only
the case of the neutron at rest. The various mechanisms, in
order of increasing complexity, which contribute to the
"above process, are depicted in Fig. 6.

When the final state rescattering between the two protons
is taken into accourthe process of Fig. (@) plus the pro-
cess of Fig. @)], but the interaction of the hit neutron with
the emitted proton-proton pair is disregarded, one pas
=k,+q, and the cross sectidriEq. (4)] integrated ovelP
and the kinetic energy of the neutron exhibits the same struc-
ture of Eq.(8), with R, given by

R ( Vinipn \Prel) = GE(QZ)Z‘ M(pp)(pn \Prei»d) (21)

which differs from Eq.(9) in two respectsii) the proton
electric form factor is replaced by the neutron dBg(Q?);

(i) M®P(p, prer,Q) includes the rescatteringetween the
two spectator protonand not between the active and recoil-

=ldl, with gf|z). The dashed line corresponds to the plane wave, b otons: this means thafP has the following form:
approximation(PWA) [plane waves for the three-nucleons, process

(@ in Fig. 2], whereas the full line includes thep rescattering
[process@) + procesgb) in Fig. 2]. The value oflg| corresponds
to €,=2 GeV andf.=15° [cf. Eq.(1)] and the range of its varia-
tion with v is 0.52<|g|<1.0 GeVk. Three-body wave function
from Ref.[19]; AV18 interaction[22].

Tpp(M,(Tn 1Spp12ppikn 1prel)

t.pp

If dp eXF(—iknP)X(l/z)an|M,spp,zpp(P), (22

044004-5
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2 2 M
: : P1(ky ,E*)=—| ProlMy > f dQ, f d3rd3p
k ¢ g Ky Po=kar 4 (2m)* MSppEpp.0n
1 = +
Kk, P, P,=k . _
k, b, p12= kf XeXF(_lknP)X(llz)unlﬁts(pp)zpp(r)
a) » 2
XW 1m(r,p)| (26)
Q’ @
K P=k,+q N P £k by the following relation:
+ P,#k, + Py#k,
pl# k| p1 7 k f Pl(kn7prel)dere|:P1(knvE*)v (27)
b) o where
FIG. 6. Schematic representation of the various processes con- _ Mn|Preil P
tributing to the reactior’He(e,e’ p;p,)n when y* is absorbed by Pa(kn . Prei) = 2 MPP(knPrer) (28)

the neutron, and the two protons are emitted in the contindam:
denotes the plane wave approximat{®wA), (b) the pp rescatter-  will be called here the vector spectral function, and
ing, (c) the three-body rescattering. The sum of contributi¢as

and (b) is referred to by some authors as thlene wave impulse pr2e| (pl_p2)2
approximation(PWIA); in Ref.[14] PWIA is used, on the contrary, E* :V = TV

to denote oufsymmetrized PWA approximation. In the rest of this
paper we shall be using the term PWA to denote pro@ssand the
term pp rescatteringo denote procesth). Note, moreover, that in
Ref. [14] our pp rescattering contribution is calledG.”

(29

is the “excitation energy” of the spectatqp pair, which is
related to theneutron removal energy By the relationE
=E3+E*, whereE; is the (positive) binding energy of the

wherek, =p,—q=— (p;+p,), andl'is theoverlap integral ~ three-nucleon systertef. Ref.[23]).

between the three-nucleon ground-state wave function and 1N€ €ross section for the two-proton emission process can
the two-proton continuum state, i.e. then be written in the following form:

1595 s (p)= f W5 NV agu(r,p)dr. (23) o

M.Spp>pp Sop+>pp (LMAT ' deerdQedQp dpredQ,
We reiterate that in the process analyzed in the previous sec- GL(Q?
tion, thepp rescattering occurred between the protons of the =K(Q?,v,Pn,Prel) - Zmﬂ(kn Prer). (30
active pair which absorbed the virtual photon, whereas in NIPrel

this casey* is absorbed by the neutron and the rescat- Bv intearating over one obtains the cross section for
tering involves the twaspectatorprotons. Within the PwA, =Y 'Nt€grating overiy, al :

i.e., when only process of Fig(® contributes to the reac- the semi-inclusive procesie(e,e'n)pp,

. t _

tion, one haﬂ/’spp,zpp(r)—Xspp,zppeXpﬂtr) so that o

dEe/dQe/dQnd prel

=KGR(Q*)? Pi(kq E*). (3D
t,PWA\( = | v —itr)d?®
TN, (P)= w2m(TP)Xs, 5 €XP(—Itr)dr
(24)  The neutron spectral function calculated with and without
the pp rescattering 23] is shown in Fig. 7. It can be seen
and that at k,=>1.5fm ! there are regions, peaked &*
~k2/4M, where thepp rescattering does not play any role;
TPWAM,0,,Spp, i K on ' i ’
M0 Spp Zpp-Kn Kre) sinceE* =p%,/M, at the peaks we have the following rela-
tion betweenk,| and|p;¢|:
ZJ drd®p ¥ 12)m(r.P) X (12, " h
. . |kn|22|prel|- (32)
Xexq_'knp)XSpp,EppeXIi_lkrelr)u (25
The positions of the peaks have been originally interpreted as
which, as in process 1, is nothing but the three-nucleon wavarising from atwo-nucleon correlatioi2NC) configuration,

function in momentum space. where proton 1(2) is correlated with the neutron with mo-

It is interesting to point out that the integral of the transi- menta satisfying the following relationg,1)=0, Ky ;)=
tion form factor(22) over the direction op,e is related to  —k,, [26]; moreover, the energy dependence around the
the neutron spectral functioR,(k,,E*) [23], peaks can be related to the motion of the third particle
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a -1
P(k,E) [ fm* ] I prel' =0.75 fm
-1
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FIG. 7. The neutron spectral function fiHe (k=|k,|) corre- o O n— N RN /
sponding to the three-body channéHe—(pp)—n. The dot- £ i'giig.s— ——————————————— 4.0x10 N L7
dashed line represents the PWA, whereas the full line includes theZ | 'ox10° 20x10°F . 77 R
proton-proton rescattering. Three-nucleon wave function from Ref. i 5.0x10° 0ol '_\-7. ______ /'_/_
[23]; Reid soft core interactiof25] adapted from. Ref.23]. @ 10° 164
= ~ -1 ~ e e
k- k,=22fm" 7 k=30tm/
. . _r 4 \ n HIAN n=-
Ka1y# 0, or, equivalently, to the center-of-mass motion of " 100\ / A /
the correlated paif27]. The existence of the region where = 10° \\ / 10° \\-\—"’\/
pp rescattering is vanishing is a general feature of any spec = . \vé/ 107 N /
tral function, independent of the two-nucleon interaction and d

0% T
: A 0 30 60 90 120 150 180 0 30 60 90 120150 180
of the method to generate the wave function. This is illus-

trated in Fig. 8, where the spectral function corresponding to

the variational three-body wave function of R¢L9] ob- 0 [deg]
, FIG. 9. Top panel. Dashed line: the transition form factor
10 ! ' ' " Mpp(kn:prel)E(Z/MN|prel|)Pl(knvprel) [see Eq(28)] plOttEd vs
of X -kp=05 fm' ] the angled betweenk,, andp,, for various values ok,=|k,| and
10 \ % -kp=22 m! ‘ |prei|=0.75 fm ! (the corresponding “excitation energy” of thep

pair is E* =|p,e|?My=23 MeV). Dot-dashed line: the same
quantity in the PWA, i.e., disregarding thep rescattering. Three-
body wave function from Ref.19]; AV18 interaction[22]. Bottom
panel: The same as in the top panel f@fe|=1.1 fm ! (E*

= |prel|2/M n=50 MeV).

Kl
107\ \, O -kp=3.0fm

tained with the AV18 interactiof22], is shown for several
values ofk=|k,|. It can be seen that for values lkof which
satisfy relation32), FSI effects generated kpp rescattering
are negligible.
. ] Relation(32) does not necessarily imply a 2NC configu-
0 0 1(')0 260 360 4(')0 ration, i.e.,Ky(1)=0, Ky(2y=—k,, for it holds also ifks)
#0, ky(2)# —k,. The analysis of the vector spectral func-
tion P1(|Knl,|preil,#) should tell us what are the dominant
FIG. 8. The same as in Fig. 7 but with the three-body waveconfigurations in the three-body wave function. To this end,
function from Ref.[19] and the AV18 interactiofi22]. The E de- ~ We have plotted the vector spectral functies ¢ in corre-
pendence of the spectral function is shown for three values of thépondence of two values df;e|: |Prei|=0.75 fm * (E*
neutron momentum. The dashed line represents the PWA results; |Prei|/M =23 MeV) and |pe|=11fmt (E*
whereas the full line includes thep rescattering. =|prei|?/M=50 MeV) and various values ok,. The

E [MeV]
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re-sults, which are shown in Fig. 9, deserve the following C. Three-body rescattering

comments: . _ , We have considered the three-body rescattering of the
(i) The constant behavior dP, at k,=0 can easily be oiron with the interactingpp pair within an extended

understood by considering that, as previously discussed, Onﬁlauber—type approadi28] based on the following assump-
the angle independeriS, pp wave function contributes. tion:

(i) Equation(32), i.e., the relationk,|=2|p,¢|, would
correspond tdk_n|zl.5 fm 1, When|pr91|=0.75 fm 1, and X2y, EXE— TPl ) WHel (r1,rp)
to |k,|=2.2 fm 1, when|p,e|=1.1 fm 1. It can be seen " pppp
that when|k,|=2|pe|| pp rescattering effects almost disap- A i Prel
pear, but |the|y belzcorr|1e extremely large when such a relation —G(r1r2.r8) X172, XN Ip”re’)wsppﬁpp(rlh)’
is not satisfied, except whek,|=2|p,e| and §=0°,180°. (33
(iii) When |kn|=2|p,ell, the value§d=0°(180°) (super-
parallel kinematics corresponds to |ky;)|=0, k,=
—kz(1), i.e., to the 2NC configuratiofsee the Appendjx
The results presented in Fig. 9 clearly show that such a con-
figuration is the dominant one; as a matter of fact, far from .
such a configurationfe.g., até=90°, when three-nucleon G(rl,fzyrs):_ﬂl [1-0(zi—z5)I'(bj—by)], (34
configurations are importaptthe vector spectral function is -
sensibly smaller. Thus the most probable configuration in the ) o
three-nucleon wave function, whek,|=2|p;e|, is indeed Wlth b; andz being the transverse and _the Iongltudlnal co-
almost at rest and the second one has momentum almoglastic nucleon-nucleon scattering amplitude; for the latter,

where the Glauber operat@ is [29]

2

equal and opposite to the momentum of the neutron. the standard high-energy parametrization, viz.,
(iv) When|k,| # 2|p;ei] and #=0°,180°, we still stay in
the superparallel kinematics but not in the two-nucleon cor- tot q _j 2
: i ; onn(1—iayn) b
relation region, for nowk(1)| #0, k,# —ky(2); however, it I'(b)= 5 -—, (35
can be seen that fgk,|>2|p,¢ |, when the violation of the 4hg 2bg

condition |k,| =2|p;el| is very mild, pp rescattering effects

are still very small; note, moreover, that if the FSI can onlyhas been used, wheoéj’,‘“ is the total nucleon-nucleorN(N)

be described by thpp rescattering, the cross section shouldcross section andyy, the ratio of the imaginary to the real
be the same at both angles, a behavior which deserves exart of the NN scattering amplitude. Within such an ap-

perimental investigation. _ proach, the full distorted transition matrix element assumes
Thus the study of the vector spectral function |&f|  the following form:

=2|prer], 8=0° or 180°, which could be undertaken by
measuring the €,e'2p) process in the superparallel kine-
matics, would allow one to obtain information on the three-
nucleon wave function in momentum space, provided the 1
rescattering of the two protons with the outgoing neutron =5 % < 22 2 ITo(M,04,Spp S pp P Pre)) |2,
does not appreciably distort the process. The full calculation pp=pp 71

of the transition matrix element at low momentum transfer (36)
has been undertaken in RET4] within a consistent Faddeev
approach to bound and continuum states of the three-nucleqpnere
system. The process considered in R&f] is the absorption

of ¥* by a neutron(proton at rest with the two protons
(proton-neutrojp emitted back to back with equal momenta

p1= —p,=p and the neutron with momentupy=q emitted

in a direction perpendicular fo. Thanks to the fully consis- is the missing momentunwhich coincides with the neutron
tent treatment of bound and continuum state wave functiongnomentum before interaction when the three-body rescatter-
the calculation presented in RéL4] represents the state of ing is disregarded. The distorted scattering maffixhas the

the art of the description of process 2 at low momentunform

transfer. In order to extend the theoretical description of the

two-nucleon emission processes to the high momentumyd( g Spp+2pp P sPrel)
transfer region, where three-body continuum Faddeev-like

wave functions are not yet available, we have developed an ~ o~ , Thre

approach to the three-body rescattering, to be presented in  — ;j t?dtd’pdr eXp(_'me)Q/\f,aL,spp,zpp(r’p)’
the next subsection, based upon the eikonal approximation,

which not only allows one to calculate the high momentum (38)
transfer processes, but can also easily be extended to com-

plex nuclei. with

MD(pmvprel)

Pm=Pn—0=—(pP1+p2) (37)
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QMO’ S E (r!p)
:{2} <XMXLpMp|%M><j12M12%UH|XMX>

X<| fmfsppzpp“ fMf>YIfmf(F3reI)YLPMP(;))I‘{E‘y}(|p|)
x[Rls )R“Zt IO (DIG ),

(39

and the response is given by E@1), with MPP(p,,prel)
replaced byM®(p,,prer) [31].

Some details of our numerical calculations of the three-

body rescattering transition form factor, E§8), are now in
order. It can be seen that the dependence o
TP(M,01,Spp .2 pp:Pn . Prel) UPONP, is entirely governed
by the quantityQtMt nSop Sy (r p). Since the main compo-

nent of the*He ground state wave function corresponds to
the relative motion of thep pair in the 1S, wave, the two
protons in the final state are mostly in states with sBin
=0 and even values of the relative angular momenta; thu

QtMt,an SopSpp (r,p) is almost symmetric under the exchange

t«—t. This symmetry can be slightly violated due to the
contribution of the highest partiglp waves in the®He wave
function[29].

The quantitiesoN, any and by in Eq. (35) depend in
principle on the total energy of the interacting nuclef2g],
however, at high values dfp,| (|p,|=0.7 GeVk, which
implies high values of the momentum transfel), they be-

PHYSICAL REVIEW C 66, 044004 (2002

10" F — — PWA E
e — - —PWA-+pp resc.
N Full
‘g ) |ppey | =075 fm ™
Pre | =0.
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FIG. 10. The transition form factor M(|P|,|p;eil:61)

=M(pn.Prel.9) [Eqg. (10)], plotted vs the two-nucleon center-of-
mass (or missing momentum |P|=|p;+ P,/ =|pml=|d—p.| for

fixed values of the relative momentujp,¢| and the angled; be-
tweenq andp, - The dashed and dot-dashed lines represent, as in
Fig. 9, the PWAE(q. (16)] and the PWA plugpp rescatterind Eq.

(10)], respectively, whereas the full line includes also the(pp)
rescattering according to E¢36). The arrow and the momentum
vector balance, which refer to the dashed and the dot-dashed lines,
denote the point where Eq32) is satisfied, i.e.,|K,|=2|prell
=1.5fm %, k;=—KkK,, k,=0; when#;=0°, the behavior of the
dashed and dot-dashed lines is exactly the same, with the arrow

come energy independent and the “asymptotic” valuesdenoting in this case the configuration witk,|=2|p,e|, ko=

0iot(NN)~44 mb, ayy=—0.4 can be used, with, deter-
mined byo N and ayy from unitarity requirementf28].

The transition form factoMP(p,,pe) is shown Figs.
10-12, where it is compared witM PWAandMPP. The three
figures correspond to three different kinematical conditions,
namely the following:

(i) Figure 10 shows the results obtained in the superpar-
allel kinematics @, =180°) and|p,|=0.75 fm 1, vs |P|
=|p1+p2/=|pn—q|. Let us, first of all, discuss the results
obtained within the PWA and the PWA plyp rescattering
(dashed and dot-dashed curves, respectiyeipich obvi-
ously coincide with the results presented in Figtdp panel,
0,=180°), sincep,,=k,+q andP=pyis=— k The arrow
denotes the 2NC kinematics, whén=—k,, k,=0 (p;
+pn=0, p>=0) and|k,|=2|p,e|. In agreement with Fig. 9,

—k,, ky=0. The inclusion of then— (pp) rescattering destroys in
prmuple thed,=0°-180° symmetry, but, as explained in the text,
the asymmetry generated by our calculation is very mild. [Rdr
>1.5 fm 1, the ground-state momentum balance is always similar
to the 2NC configuration|k,|=1|k4|, |ks|<|k4|), whereas follP|

<1.5fm !, the configuration is far from the 2NC one. Three-
nucleon wave function froril9]; AV18 interaction[22].

the two-proton relative motion. In the process considered in
Fig. 10, wheny* couples to the neutron, none of the nucle-
ons are at rest, except nucleon 2 in the particular kinematics
denoted by the arrow which represents the absorptiop*of

by a neutron of a correlatedp pair, with the spectatgoro-

ton at rest both in the initial and the final states. In this case,
the transition matrix element gets contributions from higher
angular momentum states, whose main effect is to fill in the

we see that thpp rescattering has large effects at low valuesdiffraction minimum, without significantly affecting the re-

of |P|=|k,|, but gives negligible contributions whejP|
=|K,|=2|p;el|=1.5 fm L. The full line in Fig. 10 includes
the effects fromm— pp rescatteringwhenp,,# —k,,); these
effects are very large at small values |#, but becomes
negligible at|P|=2|p,|. One could be tempted to compare

gions left and right to it; consequently, in these regions, the
value of M(P,|p;e|,6,) corresponding to the arrow in Fig.
10 (i.e., to a spectator nucleon at restan qualitatively be
compared with the results shown in Fig. 5 @t,= —p,,
=1.5 fm™%; in this case one finds indeed that the relative

the results shown in Fig. 10 with the ones presented in Fig. Smomentum of theap pair is|p,¢|=0.75 fm . Thus in Fig.
In this respect one should first of all stress that in the syn®d the region where FSI effects are small, correspond to the

kinematics used in Fig. 5, theeutronis at rest(both in the
initial and final states which means that the transition ma-
trix element is mainly governed by ths, wave function of

04400

2NC region where, moreover, the conditions for the validity
of the Schradinger approach are satisfied. Note that, eventu-
ally, according to our Glauber calculation, as well as to the
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10" — . : : : of the above condition, we are not in the two-nucleon corre-

= - - -PWA lation region but rather in the three-nucleon correlation re-

102 —-—--PWA+pp resc. | gion, for, as shown in the figure, the momenta of the three-
Full nucleons in the ground state are of comparable sjkg (

|=|ko|=|Kn|/\2, 61,=90°). Note that in the PWA the tran-
sition form factor both in process(interaction ofy* with a
proton of a correlateghp pair shown in Figs. 4 and)%and
process 2(the interaction ofy* with the neutron we are
discussing, represent the same quantity, namely, the three-
body wave function in momentum spaps. Egs.(16) and
N (25)]; therefore the results presented in Figs. 10 and 11 at
10°}F éL N |P|=|k,|=0 have to coincide with the ones given in Fig. 3
4 s at the corresponding value @ =Kk,e, as indeed is the
- . . . . case.
00 05 1.0 15 20 25 30 (iii) Figure 12 refers to the particular case when the neu-
Pl [fm™] tron is at rest in the ground state, so that, after absorping
it leaves the system with momentupy=q, and the two
FIG. 11. The same as in Fig. 10 but féy=90° (cf. Fig. 9, as  protons are emitted back to back in the lab system with
far as the dashed and dot-dashed lines are concerfbd arrow |p1|=|p,| and #;=90°. This is the kinematics also consid-
and the rnome_nt_um vector balance correspond to_ the point whergraq in Ref[14]. Since, as already pointed dif. Sec. I B,
Eq. (32) is satisfied [kn|=2|p|=15 fm %), but since6:#0°  £q (25)] in PWA both process 1 and process 2 are described
(180°), we do not stay now in thiwo nucleon correlatioregion, 1, tha same transition form factor, which is nothing but the
but rather in thetﬂee-nucleon corr.elatlorreglon, for [kl =k, | momentum space three-body wave function, the dashed lines
tTchI:r}L/o ‘Ez;l[g]. Aif{;?iggi‘;gﬂ'ézghree'nu°|e°n wave func- j, Figs. 4 and 12 represent the same quantity. As a matter of
R ' fact, since in Fig. 12p,||=|p2|, we see that at the highest
values of|p,¢| the dashed lines in Fig. 4 and 12 are in
calculation of Ref.[21], the curves shown in Fig. 5 are agreement; note, however, that, due to the effect of the high
slightly affected by thepn rescattering; thus the dashed line angular momentum states, the dashed line in Fig. 12 should
in Fig. 5 includes effectively both the PWA amip rescat-  not exhibit the diffraction minimum seen in Fig. 4. It can be
tering results shown in Fig. 10. seen, as expected from the behavior of the neutron spectral
(ii) Figure 11 displays the same as in Fig. 10, butdor  function, that thepp rescattering is very large since the
=90°. The dashed and dot-dashed lines are of course thffound-state configuration corresponds to zero neutron mo-
same as in Fig. 9. In particular, #t,|=1.5fm *, corre-  mentum and larg@p relative momentum. The fact that the
sponding to the conditiotk,| =2|p,e|, then—pp rescatter-  pp rescattering is large, would not represpet sea serious
ing is small. Note that in this case, in spite of the fulfillment obstacle in the investigation of the three-body spectral func-
tion, for, as also stressed in R¢14], the calculation of the
1 pp rescattering is well under control since many ye@ese,

N
\A
-1

M(IPLIp, 1.8)) [fm ]

Ip, | =0.75 fm
6, =90°

10 ' o __pWA e.g., Ref.[23]); unfortunately, also the full rescattering ef-
— 1l ———— PWA-+pp resc. | fects are very large, with the results that this kinematics is
g Full not the optimal one to investigate the three-body wave func-
= tion. The results presented in Fig. 12 can qualitatively be
e 107¢ compared with the results of Faddeev-like calculations of
& Ref.[14], bearing in mind that the latter are restricted to low
- 107F N momentum transfer, i.e., tq/s<3M+m,., which means
g Pp=a: 8,=90" " that unlike our case, for a given value of the three-
10°F P, N 1 momentum transfeg|, there is an upper limit to the value
F ‘\.\ of |prell. As far as the PWA angp rescattering results are
107k q N ] concerned, there is en excellent agreement between our re-
N sults and the plane wave impulse approximation antisymme-
10° P2 . . L trized (PWIAS) and “tG," results of Ref.[14], respectively,
62 04 06 08 1.0 12 which is not surprising in view of the similarity of the wave

functions and the treatment of the two-nucleon spectator res-
cattering adopted in the two calculations; as for the three-

FIG. 12. The transition form factor M(|P|,|pel, 1) body rescattering contribution, there also appear to be a sat-
=M (Pp.Prer0) [EQ. (10)], plotted vs|p,e | for p,=q, 6,=90°. isfactory agreement between our eikonal-type calculation
The process corresponds to the absorptiop*oby a neutron at rest and the Faddeev results, provided the values of the three-
followed by the emission of two protons with momenta= —p, momentum transfer is large enough; at low values of the
(back-to-backprotons. Three-nucleon wave function from Ref. momentum transfer the eikonal-type approach cannot be ap-
[19]; AV18 interaction[22]. plied and a consistent treatment of bound and continuum

IDpey! [fm ']
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three-nucleon states within the Sctireger approach is nec- =0,p,,+p,,=|d/,q|z) which, as demonstrated in Fig. 5,
essary. It should be stressed that in R&4] the effect of the  shows that, particularly at high values of the momenta of the
three-body rescattering on the process in whichis ab-  detected protons, the effects from the FSI are strongly re-
sorbed by a proton at rest and the proton and the neutron agriced.

emitted back to back with equal momemig= —p,=p, has (ii) Mechanism 2in which y* is absorbed by the neutron,
been found to be very small, so that this process would b@nd the two protons are detected. We have shown that if the
well suited for the investigation of the three-nucleon wavep, rescattering is taken into account and the one between the
function, being the calculation of the—n rescattering well  neytron and the protons disregarded, the cross section de-

Ender ccr)]ntrpl,gshpreviprl:_sly poir:\te?(_out; it;hourl]d, rr;foreovferpends upon thevector spectral functionP; (K, ,Pyer)
e emphasized that within such a kinematics the effeet of '\ "o \enc o ) This spectral function, uniike

and p meson exchange contributions on the transverse traqhe usual ondsee, e.g., Refi23]), depends not only upon
sition form factor was also found to be very smfl4]. Ik, | and|pre,|=\/2I,\/I?7but also ,upon the angle between

However, the sp kinematics fi,,|=2|p,.|| we have consid- : : )
ered seems to be very promising, in view of the smallness df'€M- BY analyzing the behavior &% (K ,prer) (¢f. Fig. 9
e have demonstrated thdt) when the relation|k,|

both the spectator pair and the three-body rescattering con =
tributions. =2|p,el| holds, the FSI due tpp rescattering is very small,

and(ii) the dominant configuration in the ground-state wave
function is the 2NC one, in whiclk;=—k,, k,=0 [Eq.
(28)]; we have also found that wher=0°(180°), the small-

In this paper we have investigated the effects of the finahess ofpp rescattering actually extends to a wide region
state interactior(FSI) in the process®He(e,e’2p)n using  characterized byk,|>2|p,/|, where the 2NC configuration
realistic three-nucleon wave functions which, being the exacis still the dominant onécf. the Appendi. Such a picture is
solution of the Schidinger equation, incorporate all types of not in principle withstanding when the three-nuclean
correlations generated by modelN potentials. We have —(pp) rescattering is taken into account, since in this case
taken into account FSI effects, treating the three-nucleon reshe concept of neutron momentum before interackgras
cattering within an improved eikonal approximation, which to be abandoned in favor of the conceptnoissing momen-
allows one to consider the two-nucleon emission processes atm p,,=p,—q=—(p;+pP2), which equalsk,, only when
high momentum transfer, also wheq/§>3M+mw, i.e., thethree-body rescattering is disregarded. However, our con-
above the kinematical boundary imposed by Faddeev-liksideration of the three-body rescattering, clearly show that in
calculations. We reiterate once again that our aim was rethe case of the superparallel kinematics, both the three-body
stricted to the development of a theoretical approach for thand two-body rescattering are negligible whedp,,|
treatment of FSI effects in two-nucleon emission processes 2|p,¢|, Which means that in this regiojp,,|=|k,|. The
off the three-body system, and to the investigation of thethree-body rescattering is on the contrary very relevant when
effects produced by FSI in various kinematical regions. We p,,| <2|p,ei|, both in the case of the superparallel kinemat-
did not discuss, other final state effects, e.g., MEC, whichcs, and particularly when the two protons are detected with
clearly have to be taken into account when theoretical pretheir relative momentum perpendicular to the directiorgof
dictions are compared with experimental data. We have beefef. Fig. 11). Within mechanism 2 we have, as in REf4],
guided by the idea that if a kinematical region could bealso considered the process in whigli is absorbed by a
found, where the effects of FSI are minimized, this wouldneutron at rest and the two protons are emitted back to back
represent a crucial advance towards the investigation of botim the direction perpendicular to the direction of the momen-
GSC and current operators. Basically we have considereim transferg, which meang,,=0. In this case, the effects
two different mechanisms leading to the two-proton emissiorfrom the FSI appear to be very different from the ones con-
process: sidered in the two previous cases, namely, unlike the sym-

(i) Mechanism 1lin which v* is absorbed by a correlated metric kinematics(cf. Figs. 4 and § where only the FSI
pp pair. This mechanism, which is the one usually consid-between the two active protons played a substantial role,
ered in the case of complex nuclei, has been previously andaere both the pp rescattering and the three-body- (pp)
lyzed in Ref.[21] within a particular kinematics, the so rescattering are very largef. Fig. 12.

IV. SUMMARY AND CONCLUSIONS

called symmetric kinematigsaccording to whichp;+p, We can summarize the main results we have obtained in
=g, p,=0. In PWA, such a kinematics selects the ground-the following way:
state wave function configuration in whidky=—k,, k, (i) If v* is absorbed by a correlated proton pair, with the

=0 [the two-nucleon correlatiof2NC) configuratio. Our ~ spectator neutron at rest and the two protons detected with
calculations confirm the results of R¢21], namely that the their relative momentum perpendicular to the directiorgof
FSI due to then—(pp) rescattering is very small, whereas (symmetric kinematigs the leading FSI is th@p rescatter-

the pp rescattering is extremely large, and fully distorts theing, with then— (pp) rescattering playing only a minor role.
direct link between the ground-state wave function and thén such a case, however, thpg rescattering fully destroys
cross section, which holds in PWkkf. Fig. 4. Thus the the direct link between the ground-state wave function and
symmetric kinematic does not appear extremely useful tdhe cross section, occurring in the PWA, if the protons, on
investigate the three-nucleon wave function. A more interestthe contrary, are detected with their relative momentum par-
ing kinematics is the superparallel kinematigs, (=p,, allel to g (superparallel kinematigsthe effects of thepp
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rescattering is appreciably suppressed, particularly at highody wave function in momentum space or, in other words,
values of the momenta of the detected protons. the vector spectral function in the plane wave approximation,
(i) If y* is absorbed by an uncorrelated neutron at restvhen the momenta of the three-nucleons satisfy the relation
and the two correlated protons are emitted back to back with
P1=—Po, Prei=P1L g, boththe pp and then— (pp) rescat- kit+ky+k,=0, (A1)
tering are very large. _
(iii) If o* is absorbed by a neutron and the two protons-€.,
are detected in the superparallel kinematics, one has the fol-
lowing situation: if |py|<2|pse| both the pp and then
—(pp) rescattering are large; if, on the contrafp,)|
=2|p,e| they are both small and the cross section can be
directly linked to the three-body wave function in momen- wherek, ;= (k;—k3)/2 is the relative momentum. One thus

1
kl(2)= - Ekni kre| y (A2)

tum space. has

In conclusion it appears that the superparallel kinematics
with |pm|=2|pei| could represent a powerful tool to inves- 5 ki
tigate the structure of the three-body wave function in mo- ki) = \ Krert 5 F [Krell kol cOSE. (A3)
mentum space. Experimental data in this kinematical region
would be therefore highly desirable. The above relation illustrates that:

() If |k,|=2|kell, |k1|=0, kn=—k,, when§=0°, and
ACKNOWLEDGMENTS |ko|=0, k,=—ky, when #=180°, which represents the
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pralty PP (ii) If |kn|#2|K.ei|, we do not stay in the 2NC configu-

ration, but it can easily be checked thatkf,| > 2|k,¢| and
6=0°(180°), |ky| is still comparable witHky1)|>|ky (2.
The above picture is distorted by tpg rescattering, but,
Let us investigate the basic configuration in the vectoras demonstrated in Fig. 9, only f@iy |k,|<2|ke| and (i)
spectral function. To this end, we will first consider the three-|k,|>2|k,¢||, 6=90°.
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