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Abstract: We have calculated the (p,t) reaction cross section for nuclei with even Z and N. The transition
matrix is expressed using a normalized form factor and a spectroscopic factor for the sake of usefulness in
the DWBA computation. In the nuclear wave functions the pairing correlation is taken into account by
using a BCS type function. Shown that, consequence of correlations, the fractional parentage expansion of
the true wave function of the final nucleus should contain the associated states initial with a greater
statistical weight than that given by the fractional parentage coefficients of the shell model wave function.
The obtained results are compared with the experimental data for 2Sn (p,t)*22Sn.
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1. Introduction

The purpose of this paper is to present a more satisfactory analysis of the (p, t) reaction so
as to get some information. Our interests are mainly in medium weight even nuclei, in which the
pairing correlation and the collective motion are important.

The information obtained from (t, p) and (p, t) reaction experiments is concerned with the
correlation of two like-nucleons. It is known that certain levels are strongly excited and the ground
state of an even nucleus is most strongly excited in many cases, while, usually, higher zero spin
states are not excited strongly, although there are some remarkable exceptions. The magnitude of
the cross section gives us information about the detailed structure of the levels. The information
obtainable from two nucleon stripping reactions is different from that obtained from single-
nucleon transfer reactions; from the latter only the single particle character of the levels is obtained.
The sets of data obtained from the single and two nucleon transfer reactions are both valuable, and
they are mutually complementary. The analysis of the former kinds of reactions has already
reached a satisfactory enough stage to furnish quantitative information about nuclear structure.

We put our focus on the role of the nuclear spectroscopy and two nucleon correlation in
the reaction mechanism. The transition matrix is expressed using a normalized form factor and a
spectroscopic factor for the sake of usefulness in the DWBA computation.

2. Formulation

The transfer cross section of two like nucleons may be derived in a way parallel to that
used in the previous paper by taking the (p,t) reaction as [1]

E EA 4 o4 2 1
o= Y (27)'8'(P, + P, =P ~P )M dP (1)
A(m+m,) (2], +1)
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where E, :(Ps + mf)) energy of pand E, :(P,i + mi) —energy of nucleus,

A (XY, 2) = (x-y-z)> -4 yz —kinematic function.
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If both the initial and final shell model wave functions are assumed to be such that the
center of mass motion remains in the ground state, and if, further, the interaction which causes the
stripping reaction is assumed to be a spin dependent interaction with gaussian radial form

V=V +V_, (2)
V, =(PV,+PRV,) exp[— a (rpl —r) J 3
where V1 and Vs. are the singlet and triplet potential strengths, and P1 and P3 are their projection

operators.
The amplitude M of the transition in the zero approximation has the following form:

A+ 2 (N-1+L/2) ,
2 (P MRV PV 2,0,

M =Y (IMIM, | Ifo><SMSLML|JM>(—1)L(
x[o (k,r)¥ (e’ (k,r,)dRdrdr’
(4)

where o' and "’ incident and outgoing distorted waves, respectively, r' = R-Ra, Ra being the
center of mass coordinate of the target nucleus, S denotes the resultant internal spin, and Ms its Z

component.
Using Glauber distorted waves can write [2,3]
o (k.) = (22) " explik, NITA-T(0-b) 0 ~2)]7.6) ©)
) _ -3/2 . & _ _ _ P ) (6)
0, (<,.1) = 27) " exp(ik,,, NI [L-T(b-b )0z -2,)]7!(5)

where '(b)- profile function , 6(z) - discrete Heaviside function, y, (S) - spin function and b is

impact parameter.
The spin wave function of the triton must be chosen so that the whole wave function may
be antisymmetric with respect to exchange of two like nucleons

Koo ) =2 <12m S M [1/2M, > 7, (P)x,,.. (NN)S,, (7)
from which we get
i (917 IRV, P, |2, 0)= 02,50, (17 2m 2510 v+ 58 Dy | @
Thus, we get
(N-1+L/2)
M =X (MM, [1,M, )(SM, LM, |JM>(—1)S(AZZJ J28 +1(_)S[411v1+3‘234(3+1)v3}, )
xSl 1,;SL3; e, 1, )[ @ (k, 1, )¥ ()¢ (k,,r,)dRdrdr’
where
S(a,1,;SNLI;a,1,)= Y| Cler,1,;SNLI; 1 )| (10)

and spectroscopy amplitude c(a | ;SNLI; I, ) defined as
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(N-1+L/2
Cla 1,;5NL;at,1,) = Z(—l)'(AZZJ <;In(jn);J | %%(S)lnl(l_); J><nnlnnn,ln,; L| NLnL) (11)
where (nnlnjn) and (nwln,jn’) are the quantum numbers of the two transferred neutrons, and J is the
transferred total angular momentum with Z component M. The resultant orbital angular momentum
L is composed of the orbital angular momentum of their center of the gravity L M; and that of their
relative motion Im;.

We are interested in reactions where transitions take place from the ground state of an even
target nucleus to the ground state of the even residual nucleus, and the spins of the initial and the
final states are both zero. In such case, the most important residual interaction is the pairing
interaction. We have L = S when J = 0. On the other hand, the selection rule for the Talmi
coefficients 2 (nn-1) + In +2 (Nn -1) + 1, =2 (N -1) + L + 2 (n -1) + | associated with the zero-range
approximation constrains the resultant internal spin S to zero. As L =S, the 9 - j symbol becomes
simply

1.1 o 11 e [ 1 :

LG LGOI O ()01 = (=) J@2], +D@S+w| =1 =1 ;j.s |, (12

(1L S O EH] = 2+ s w31 05| (1)
where W(;ln %h; jns) is a Racah coefficient.

Now, using these optical parameters we perform our DWBA calculations. From Egs. (1)
and (9) we get the differential cross section for (p,t) reactions

11

da:(zlf+1)(mt+mA)(mp+mA+z)z(V1+3V3)2W(2 ZIH:LOJZGLMM . (13)

dQ 21 (21, +1)m,m =\ 4

A+2

Fig. 1 shows the differential scattering cross section for the reaction 124Sn (p,t) 122Sn. The
solid line corresponds to the cross section calculated by Eq. (10) point data from [4]. The optical
potential parameters for the proton are known as a function of the incident energy and target mass,
that is,

Vp =53.3- 0.55E + 0.4ZA™ + 27 (N- Z) A" (Mev), Wp = 3AY3 (Mev),
rg=rr=re=1.25-10"3cm, ay=0.65-10"3cm, b =0.98 -10%cm. (14)

We were limited by the fact that the internal states of the incident p, departing t, and any
intermediate associations are assumed fully symmetric S-states, so that the corresponding
sequential transfer interactions are diagonal in the spin states of nuclei.

In two-nucleon transfer reactions, in contrast to the
simpler one-nucleon transfer processes, we cannot extract
spectroscopic amplitude from the experimental cross
section due to the interference. In order to evaluate the cross
section, it is therefore essential to be able to calculate the
overlap integral starting from a nuclear structure model. For
low-lying collective states, in general it has been possible

*  to predict these spectroscopic amplitudes only in the
limiting cases where the relevant nuclei are either spherical
or well deformed; while for nuclei in the transition region
no satisfactory formalism has been available.

mim.

SR reackion
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3. Conclusions

As seen in the Fig.1, agreement with experiment sometimes is good but sometimes not so
good. We have tried to improve the approximation, but it is not satisfactory in some respects yet,
and some parameters are not established yet because of lack of experimental data. Therefore, it is
necessary to make sure that our parameters can reproduce the elastic scattering data as well, but
experimental data are not available at present. It is fortunate that the reaction cross section is
insensitive to the choice of the triton optical potential. That cross section is found to be also
insensitive to the cutoff radius in so far as it remains smaller than the nuclear radius. The calculated
angular distribution becomes sensitive to the cutoff radius owing to the internal contributions, and
we cannot obtain good results without cutting off either just at the nuclear radius or a little outside
of it.

The reaction 124Sn (p,t)22Sn also satisfies that condition approximately. In other cases, the
difference between the two wave numbers is large, the reaction is not restricted to the surface, and
the angular distribution cannot be fitted without a cutoff. This might be partly because the shape
of the angular distribution is very complex, but actually we do not know why we cannot get good
agreement at all. Finally it may be concluded that (p, t) and (t, p) reactions may be used to obtain
quantitative information about nuclear structure, although the- theory still has some defects and
the approximations are not satisfactory yet, compared with the case of one-nucleon transfer
reactions.
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JABYXHYKJIOHHSI KOPPEJISILUA B (p, t) PEAKLHUAX

C.K. Adayasaraoosa, H.III. bapxanosa, T.O. baiipamoBa

Pe3zrome: Paccunrano ceuenue peakuuu (p, t) mis simep ¢ yetHeiM Z u N. [{nst ynoOGcTBa mpuMeHeHUs
DWBA wMarpuma mepexoaa BBIPaXXaeTcsi HOPMHPOBAHHBIM (HOpM-(HaKTOPOM U CIIEKTPOCKOMHICCKAM
(hakTopoM. B siIepHBIX BOJTHOBBIX (DYHKITUSX KOPPEIAIHS CIIAPUBAHYSI YIYUTHIBACTCS C TOMOINBIO (DYHKIIUN
tuna BKII. [Toka3zaHo, 4TO KOHEYHOE SJIPO, KaK CJICJCTBUE KOPPEISAIUi TeHEaI0rHUeCKOro Pa3JIoKEeHUS
WCTHHHOW BOJHOBOW (DYHKITHH, JIOJDKHO COJIEPKATh CBS3aHHBIC COCTOSHHS UCXOIHOTO spa ¢ OOJBIINM
CTaTUCTUYCCKUM BECOM, YeM TOH, KOTOPYIO JAIOT TeHealornueckie KodQQUIMEHThI BOJTHOBOH (DyHKIINU
B Mojienu oboiouek. [lomydeHHbIe pe3ynbTaThl CPaBHUBAIOTCS C AKCIEPUMEHTAIBHBIMHA JaHHBIMH IS
1245 (p, t) 1225n,

Knrwuesvie cnosa: paccesuue, sbdekTuBHOE ceuenne, npubmmkenne DWBA, criekTpockonuueckuit
taxrop.

(p, t) REAKSIYALARINDA iKi NUKLONLU KORRELYASIYA
S.K. 9bdiilvahabova, N.S. Barxalova, T.O. Bayramova

Xulasa: (p,t) reaksiyasinin effektiv kasiyi ciit sayda Z va N olan niivalar ti¢lin hesablanmigdir. DWBA
yaxinlagmasini totbq etmokdon Otrii kec¢id matrisasi form-faktor va spektroskopik faktorla ifads
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olunmusdur. Niivo funksiyalarinda ¢iitlosmo BKS tipli funksiyalar vasitisilo nozore alimmisdir. Hoqiqi
funksiyalarin geneoloji ayrilisinin korrelyasiyasi noticosindo son niiva tobaqo modelina nozoron ilkin
niivonin alaqoli hallarmi daha boyiik statistik ¢oki ilo saxlayir. Alinan notocolor *24Sn (p, t) 122Sn reaksiyasi
izra tacriibi qiymatlorlo miiqayise edilmisdir.

Acar sozlor- sopilma, effektiv kasik, DWBA yaxinlagmasi, spektroskopik factor.
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