


The cross section of backward elastic p 3 He-scattering at the kinetic energy
of incident proton T, > 1 GeV displays three remarkable peculiarities [1, 2]. (i)
In the Born approximation only one mechanism of the process p°’He — 3Hep
dominates, it is the so-called sequential transfer (ST) of the noninteracting
np-pair. The contribution from the mechanisms of nonsequentional transfer
(NST), interacting np-pair transfer (IPT) and deuteron exchange is negligible.
The heavy particle stripping mechanism was also investigated in Refs. [3] -
[5] and found to'be-important at back angles for T, < 0.6 GeV. However the
phenomenological > He wave functions restricted to the two-body configuration,
which does not:permit of ST-mechanism were used in that analysis. (ii) The
most important role in the Faddeev wave function ©**(qz3, P1) of Heé plays the
channel with the orbital momentum L = 0, spin'S = 0, isotopic spin T’ = 1 of
two nucleons with numbers 2 and 3 and the orbital momentum ! = 0 of nucleon
spectator with number 1 (it coresponds to v = 1 in the notation of Ref.[6]).
If this channel is excluded from the full wave function ¥ = % 4+ ¢* + %,
the cross section falls by several orders of magnitude. (iii) Rescatterings in the
initial and final states decrease the cross section at Ocm, = 180° considerably
in comparison with the Born approximation and make it agree satisfactorily
with the available experimental data [7] for T, > 0.9 GeV.

Owing to the evident connection between the structure of *He nucleus
and the dominating mechanism one can hope to obtain an information about
high momentum components of the- 3 e wave function from the cross section
of the p? He — *Hep process. However, in Refs. [1, 2] it was mentioned that
the D-components of *He wave function are of surprisingly minor importance
in the process under discussion at T, > 1 GeV. Moreover, relativistic effects
estimated in Ref. [2] at T, ~ 1 GeV by means of substituting the relativistic
argumets into the >He wave function instead of the nonrelativistic ones give
rather small contribution into the cross section. For this reason, in Refs. [1, 2]
it was concluded that the sensitivity of the p 3He — *H ep cross section to
the high momentum components of the 3 He wave function is rather weak in
spite of high momenta transferred. Moreover, as was found in [7], the role
of the triangular diagram of one-pion exchange (OPE) with the subprocess
pd — 3Her® related to the A - and double A-excitation is in qualitative

- agreement with the absolute value of the expérimental cross section at Tj, > 0.5
GeV. . . C T
_ In the present work it is shown that the absolute value of the p®He — 3Hep
cross section at fcm. = 180° and T, > 1 GeV is directly related to the high
momentum components of the Faddeev S-wave function of *He, ©®3(qz3, M),
respecting the relative momentum qz3 whereas rather low values of the ”spec-
tator” moment}lm p1 are involved into the amplitude of thls process. It is
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shown also, that due to rescatterings in the initial and final states the contri-

bution of the OPE mechanism is one order of magnitude lower in comparlson'

" with the experimental data.

In the Born approximation the amplitude of transfer of two nucleons with

numbers 2 and 3 in the process 0+ {123} — 1+ {023} (etid. p 3He - 3Hep)
can be written as [1, 2]

Ts= 6(27)~ /d3423L23(‘123, Ql)Xp (1){9023+ (0, 23)p31(2;31)+

9 (3;02)081(2; 31) + 3™ (23 30)07" (23 31) }x»(0), (1)

where Lp” (k ij) = ¥ (qij, pk) is the Faddeev component of the wave function
of the bound state {ijk}, X;, Xp') 18 the spin-isotopic spin wave function of the
1nc1dent (final) proton; Lys = e+ qly/m + 3Q}/4m, m is the nucleon mass,
e is the 3He binding energy. The subscripts i and fin Eq( 1) refel to the
initial and final nucleus respectlvely The terms ¢§3+<,9?1, »7 T B, 30t M
correspond to-the IPT, ST and NST mechanisms respectlvely In the explicit
form the ST mechanism has the followxng structure of arguments

+ o2+ 1 s Cal Vo
oF ol = of" (qu = —50123 - —Qo,Pa =3 — §Qo_)

bt 50,- (q:sl —'.'—"2'CI23+ Q17P2 —q23 — _Ql) DIETE (2)

where Qo (Q)) is the momentum of 1nc1dent (final) proton in the c:m.s of
the final (initial) nucleus 3H . As was nioted in [2], at the scattering angle
Gcm = 180° two of four momenta i in Eq.(2) can simultaneously become equal
to zero at 1ntegrat10n OVer (23. ‘On the contrary, in the correspondlng formulas
for the IPT and NST mechanlsms only ‘one argument, can be equal to zero
while the other three have large values ~|Q;| = |Qo]. This makes'the ST-
term domrnate in Eq. (1). Indeed, “the ST-mechanism takes place only if the
channels with the isotopic spin T = 1 of the pair "of nucleons {ij} are included
into the component ©"(ij; k) either in ‘the initial or final staté. It is the direct
- consequence of the fact that the ST diagram either starts with or ends in the
pp-interaction. The 3He wave function from Ref. [6] contains only one such
channel (v = 1), namely, with the Sy state of the NN-pair. In the S-wave
‘approximation for the *He wave function the cross section decreases by 5-6
orders of magnitude for T, > 1 GeV if the channel v = 1 is excluded [8].
The channels with v # 1 corespondlng to the isotopic spin T" = 0 of the NN-
“pair (in partlcularly, the D-components) can enter the ST-amplitude only in
.comblnatlon with the channel v = 1. For this reason the role of those channels
is not so significant.
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Figure1: The square of functions ¢;1(q), x1(q) from Ref. . [10] the S- (ompou(nt
of the deuteron wave function u(q) from Ref.[11]. and fuucllons S1(q) and ,(q)
deﬂned in:the text. @ 1 -p}(g),2-u 2(q):3 - upl(q) b: \f(q) z(q)

Au ObVlOllb 1nod1ﬁcat10u of formahsm of the trlangulal OPL (llaglaul from

Refs. {9, 10].is used here for the OPF} ampl:tude The uoss se ctlou of the



p3He — 3 Hep process is expressed through the cross section of the reaction
pd — 3Hex®. which is taken here from the experimental data [11]. The overlap
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Flgure 2: The differential cross section of p"’He elastic scattermg at 8..,. = 180°
as a function of incident proton kinetic energy T,. Curves 1-4 show the results
of calculation in the Born approximation for amphtude in Eq. (1): 1 - with
the *He wave function from [13], 2 - with @1(g23) instead ¢1(g23), 3 — with
X1(p) instead of xi(p ), 4 - with the deuteron w.f. u(ges) instead of ¢1(gs3)
and 3(¢a3). The results obtained with allowance for rescatterings in the initial
and final states are shown by curves 5 and 6: 5 — the np-transfer mechanism
with the 3He wave function from [13], 6 - OPE. The experimental points are
taken from Ref.[7] '

Amtegral of 3He and deuteron wave functions, < 3He|d,p >, is taken from [12].
Rescattermgs in‘the initial and final states for the OPE mechanism are taken
‘here in the line of work [2] on the basis of Glauber-Sitenko approximation.
Numerical calculations for the np-pair transfer mechanism are performed here
on the basis of the formalism described in [1, 2] using the ®He wave function
obtained in Ref. [6] from the solution of Faddeev equations in momentum space
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for the RSC interaction potential between nucleons in the 'So and 25, — D,
states. The separable analytical parametrization for the 3 He wave function is
used here which has the following form in terms of the notation [13]

¢y = nV‘PV(‘hS)XV Pl) o o v (3)

The square of the functions v.(g), x»(¢) and the S- component of the deuteron'
wave function, u(q), for the RSC potential [14] are shown in Fig..' The cal-
culated ‘differential cross section is shown in Flg 2 in comparlson w1th the
experimental data [7]. e bt :

The numerical results demonstrate the followmg important features of the
process in ‘question. Firstly, the ST-mechanism involves the high momentum
components of the functions ,(gss) for the:S-wave states. The 3He wave
function' in the ‘channel v = 1 is ‘probed’ at high- momenta qg3 -> 0.6GeV
when the cross section is measured at T, > 1 GeV. To show it, inFig. ‘a
we present a part of the function ¢1(g23), denoted as ;, which coincides
with 1(ge3) for gza > 0.6GeV/c and' considerably differs from it for smaller
momenta gz3 < 0.5GeV/c. In Fig.,b we also show a part of the function x1(p1),
denoted as X1, which is very close to the total fllIlCthIl X1(P1) at small spectator
momenta p; ~ 0 — 0: 2GeV/c ‘and is’ neghglble for p; > 0.2GeV/c: The cross
section calculated with these two parts instead of the full functlons 1 and X

‘is shown in Fig.2 by curves 2 and 3 respectlvely ‘One can see that'these curves

are very. close to the total result-obtained with the full’ functions ©1(q23) and
x1{p1). In contrast, it can be shown that the cross section calculated with the
complementary parts ¢ — @1 and 1 — X1 is 5-6 orders of magnitude smaller.

Secondly, the above result dlsplays also that the ST-mechanism involves
rather low "spectator” -momenta py.~ 0 — 0.2GeV/c in the function x,(p1) ,
Wthh makes this mechanism dominate. The qualitative explanatlon of these

results is following. One can find from Eq.(2), that for Q; .= —Qq (et id.

Oc_m_‘ = 180°). the equations Q31 = Qo2 and p; = —ps are satisfied. Conse-
quently, the main contribution.into the integral over.dqss in Eq: (1) gives the
region |pz| = |p3| ~ 0, in which lga1|:= |aoz2| ~ Q1. On the contrary, the region
of |q31| = |q02| ~: 0 corresponds to |p2| = |ps| ~ 2Q1- and plays insignificant
role since for T}, > 1 GeV the momentum @, is large, Q. > 0.6 GeV ! Thirdly,

we have find numerlcally, that the contrlbutlon of the OPE mechanlsm with-

out takmg 1nto account rescatterings is in agreement with the expenmental

1The replacement of the nonrelativistic momenta Q’"' = Q"' by the relativistic ones.
Q"’ = Q;¢' (where @™ < Q’"') practically does not change the ST-cross section’at energies
T, = 0.4 —1.2 GeV as was found in [2]. However, for energies T, > 1.GeV such replacement
becomes important and increases the cross section. Therefore, in complete future. analy51s
of this process one should take into account relativistic effects in a consistent way.
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data at T, = 0.5 — 1.3 GeV, but is by factor ~ 20 — 30 smaller in comparison
with the ST-contribution in the Born approximation for T, > 0.8 GeV. After
L. allowance for rescatterings in the initial and final states the contribution of the
'OPE mechanism decreases by one order of magnitude and becames consider-
“ably lower then the experimental data (Fig. 2). Probably, the cross section of
_the p 2He — 3Hep process for T, < 1GeV is defined mainly by the multistep
.pN-scattering mechanisms discussed in Refs.[15, 16] and heavy-particle strip-
. ping mechanism [3] -[5] also.. We stress that the high momentum components
of the functions ¢, in Eq.(3) play the most important role in the competition
.between the OPE and ST mechanisms. One can see from Fig.1,a, that the
-high momentum component in the function ¢,(g) is richer in comparison with
-the deuteron wave function u(q), especially for ¢ > 0.5 GeV/c. Actually, when
substituting the S-component of the deuteron wave function u(q) into Eq.(3)
-instead of the function ¢,(g23) for v = 1 and 2 one finds the np-transfer cross
_section decreasing by a factor ~40 (curve 4 in Fig. 2) and becoming compara-
ble in absolute value with-the OPE contribution in-the Born approximation.
'-Note in this connection that in pd — dp process the contribution of the neu-
- tron exchange mechanism in the Born approximaion is not dominating [17] for
T, > 1GeV and comparable with the OPE mechanism {10, 18].
.As an additional test of the np-transfer mechanism the spin-spin correlation
_parameter X is calculated here for the process with a polarized incident proton
‘and a nucleus. This parameter.is defined as-

do()/d0 - do(11)/d0
(/A0 + do(TD/A,

where da'(TT)/dQ and da'(Tl)/dQ are the cross sections for parallel and an-
‘ tlpara.llel spins of colliding particles respectlvely The numerical calculations
‘with alowance for two channels'v =1 and v =2 in the *He wave function
“show that at Ocm. = 180° and T, ~ 1 — 25 GeV the value E is ~ 0 1~ 0 15
51ndependently ‘of the-initial energy.
“~'In conclusion, the remarkable sensitivity of the Cross sectlon‘of backward
_“elastic p®He-scattering to the high momentum components of the 2He wave
" function in ‘the S-wave channel is found for energies above 1 GeV. The domi-

v B=

)

“‘nance of nucleon degrees-of freedom is demonstrated. Since the mechanism of -

“the np-pair transfer describes the available experimental data in the interval
of incident energies 0.9-1.7- GeV satisfactorily, there is a reason:to measure
_the cross section at: hlgher energles in order. to enllghten the validity. of phe-
“nomenological- NN-potentials-in  describing the structure of hghtest nucle1 at
“high relatlve mornenta. of nucleons e ’ s

or. .
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