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Backward elastic p-3He scattering and high momentum components of theHe wave function
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It is shown that because of a dominancengk-pair transfer mechanisms of backward elagtiéHe scat-
tering for incident proton kinetic energiég>1 GeV the cross section of this process is defined mainly by the
values of the Faddeev component of the wave function of3He nucleus,p?3(qys,p;), at high relative
momenta g,3>0.6 GeVt of the NN pair in the 'S, state and at low spectator momengg~0
—0.2 GeVk. [S0556-28188)50907-1

PACS numbd(s): 25.10+s, 25.40.Cm, 21.45.v

The cross section of backward elagtic€He scattering at  A-excitation is in qualitative agreement with the absolute
the kinetic energy of incident protofi,>1 GeV displays value of the experimental cross sectionfgt0.5 GeV.
three remarkable peculiariti¢4,2]: (i) In the Born approxi- In the present work it is shown that the absolute value of
mation only one mechanism of the procgs€He—3Hep  the p-®He—3Hep cross section atf.,,=180° and T,
dominates, it is the so-called sequential tran$&F) of the = >1 GeV is directly related to the high momentum compo-
noninteractingnp pair. The contribution from the mecha- nents of the FaddeeS-wave function of°He, ¢?*(,3,p1),
nisms of nonsequentional transf®ST), interactingnp-pair ~ fespecting the relative momentugy; whereas rather low
transfer (IPT) and deuteron exchange is negligible. TheVvalues of the “spectator” momentumy are involved in the

heavy particle stripping mechanism was also investigated igmMPplitude of this process. It is shown also, that because of
Refs.[3-5] and found to be important at back angles for rescatterings in the initial and final states the contribution of
T,=<0.6 GeV. However the phenomenologiciHe wave the OPE mechanism is one order of magnitude lower in com-

functions restricted to the two-body configuration, which palilr?q[?lewg:)I:[r:]eaexf’)()e)zilmggé?’ll ?r?éaém litude of transfer of
does not permit ST mechanisms, were used in that analysiFW bp P

(i) The most important role in the Faddeev wave function +{012r;}1c_l)elo£?0;v§h(e?tijgn b?ar;ez_)??:g )30;?1 gzewﬁtrtz%e;: 0
©2(0,3,p;) of 3He plays the channel with the orbital mo- P P

mentumL =0, spinS= 0, isotopic spinlT =1 of two nucleons '

with numbers 2 and 3 and the orbital momentlim0 of 3 N

nucleon spectators with number(it corresponds ta=1 in Tg=6(2m) f d°23l 23023, P1) X,/ (1)

the notation of Ref[6]). If this channel is excluded from the . .

full wave function¥ = %3+ 31+ o2 the cross section falls x{0? (0;23¢>4(2;31) + ¢% (3;02 3%(2;31)
by several orders of magnitud@i ) Rescatterings in the ini- a0* s

tial and final states decrease the cross sectiordaai +eor (2;30¢7(2;3D}xp(0), 1)

=180° considerably in comparison with the Born approxi- i Leiiy — ] .
mation and make it agree satisfactorily with the availablevﬁhere"o (|f<’”)._‘p (fqiih’p"g IS :jhe Fa_lqlgeev compqneﬂt of
experimental datf7] for T,>0.9 GeV. the wave function of the boun staff } Xp(XP') Is the
; P . spin-isotopic spin wave function of the incideffinal) pro-
Because of this evident connection between the structur&)n_ L —g+q23/m+3p2/4m m is the nucleon mass; is
’ 23— 2 1 ’

of the®He nucleus and the dominating mechanism one Cal?he 3He binding energy. The subscriptsand f in Eq. (1)

hope to obtain information about high momentum COMPOefer to the initial and final nucleus, respectively. The terms

nents of the*He wave function from the cross section of the
23" )31 02" )31 307 131 orregpond to the IPT, ST, and

p-3He— 3Hep process. However, in Reffl,2] it was men-  $f_%i » ¢t @i »

tioned that theD components of théHe wave function are NST mechanisms, respectively. In the explicit form the ST

S . . : ._mechanism has the following structure of arguments:
of surprisingly minor importance in the process under dis-

cussion atT,>1 GeV. Moreover, relativistic effects esti- 02t 31_ oz+(q = — g5 2Qg.Pa= s~ 1 Qo)
mated in Ref[2] at T,~1 GeV by means of substituting the ~ ¥* ¥ — #f 1H02= 728237 470, P ™ 237 270
relativistic arguments into théHe wave function instead of X @ (Gg1=— 30251 3Q1,P2= —G25— 3Q1),
the nonrelativistic ones give rather small contributions to the @)
cross section. For this reason, in R¢fis2] it was concluded

that the sensitivity of the@-3He— 3Hep cross section to the whereQ, (Q,) is the momentum of incidertfinal) proton in
high momentum components of thitHe wave function is  the center-of-mass systemm.9 of the final(initial) nucleus
rather weak in spite of high momenta transferredTat 3He. As was noted if2], at the scattering angl®.
>1 GeV. Moreover, as was found ifY], the role of the =180° two of four momenta in Eq2) can simultaneously
triangular diagram of one-pion exchang®PB with the  become equal to zero at an integration oggg. On the
subprocesspd— 3Hen® related to theA- and double contrary, in the corresponding formulas for the IPT and NST
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FIG. 2. The differential cross section pf3He elastic scattering
at 6., =180° as a function of incident proton kinetic energy.
Curves 1-4 show the results of calculations in the Born approxi-
mation for amplitude in Eq(1): curve 1: with the>He wave func-
tion from [13]; curve 2: withp,(0,3) instead ofp;(q,3); curve 3:
with y1(p,) instead ofy,(p;); curve 4: with the deuteron w.f.
u(q,q) instead ofp,(gs3) and ¢,(g,3). The results obtained with
the allowance for rescatterings in the initial and final states are
shown by curves 5 and 6: curve 5: thp-transfer mechanism with
the *He wave function fronj13]; curve 6: OPE. The experimental
points are taken from Ref7].

X21 (Gev_s)

to the isotopic spirm =0 of theNN pair (in particular, theD
componentscan enter the ST amplitude only in combination
with the channeb= 1. For this reason the role of those chan-
nels is not so significant.

An obvious madification of formalism of the triangular

T T OPE diagram from Refd.9,10] is used here for the OPE
0 01 02 03 04 05 Oqﬁ (G()é7\/ /C3~8 amplitude. The cross section of the*He— 2Hep process is
expressed through the cross section of the reaction

FIG. 1. The square of functions,(q), x1(q) from Ref.[13],  — ~Hew®, which is taken here from the experimental data
the S component of the deuteron wave functiafig) from Ref. ~ [11]. The overlap integral ofHe and deuteron wave func-
[14], and functionsp,(q) andx;(q) defined in the textia) curve 1: F'Qtr_‘sl’ <3|;j|ef|'d,[?>’t Its tafker:hfrogFEI]E.Z]. Rﬁscgtterlngst Irk] thﬁ

20 - 20 - =2 20 ) initial and final states for the mechanism are taken here
fé(Q)' curve 2:7(q); curve 3:¢3(a). (b) curve Lixi(q); curve 2 in the line of work[2] on the basis of the Glauber-Sitenko
xXi(@)- approximation.

Numerical calculations for thep-pair transfer mecha-
mechanisms only one argument can be equal to zero whilgism are performed here on the basis of the formalism de-
the other three have large value§Q;|=|Q,| This makes scribed in[1,2] using the®He wave function obtained in Ref.
the ST term dominant in Eq1). Indeed, the ST mechanism [6] from the solution of Faddeev equations in momentum
takes place only if the channels with the isotopic spinl  space for the Reid soft cof®SC interaction potential be-
of the pair of nucleongij} are included in the component tween nucleons in théS, and 3S,;-°D; states. The sepa-
¢'(ij;k) either in the initial or final state. It is the direct rable analytical parametrization for tHéle wave function is
consequence of the fact that the ST diagram either starts withised here which has the following form in terms of the no-
or ends in thepp interaction. The*He wave function from  tation [13]:

Ref. [6] contains only one such channet=1), namely,

with the 1S, state of theNN pair. In theSwave approxima- &,=n,0,(023) X (P1)- 3

tion for the 3He wave function the cross section decreases by

5-6 orders of magnitude fof,>1 GeV if the channelr ~ The square of the functions,(q),x,(q) and theS compo-
=1 is excluded8]. The channels with-#+1 corresponding nent of the deuteron wave function(q), for the RSC po-
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tential [14] are shown in Fig. 1. The calculated differential parison with the ST contribution in the Born approximation

cross section is shown in Fig. 2 in comparison with the exfor T,>0.8 GeV. After the allowance for rescatterings in the

perimental datf7]. initial and final states the contribution of the OPE mecha-
The numerical results demonstrate the following impor-”ism decreases by one order of magnitude and becomes con-

tant features of the process in question. First, the ST mech&iderably lower than the experimental dafg. 2). Prob-

; 3 3
nism involves the high momentum components of the func@Dly. the cross section of the-"He— “Hep process forT,

. ; <1 GeV is defined mainly by the multistgpN-scatterin
tions ¢,(q,z) for the Swave states. ThéHe wave function mechanisms discussed iny RZ[&S 16 and eriwme\lavy-particlge
in the channelv=1 is probed at high momenta,; '

- stripping mechanisrfi3—5] also. We stress that the high mo-
>0.6 GeV_when the cross section is measuredTgt  enwm components of the functioss in Eq. (3) play the
>1GeV. To show it, in Fig. (8) we present a part of the ot important role in the competition between the OPE and
function ¢1(023), denoted ase;, which coincides with ST mechanisms. One can see from Fi¢g)1that the high
¢1(0,3) for g,3>0.6 GeVk and differs considerably from it momentum component in the functiopy(q) is richer in
for smaller momenta),3<0.5 GeVk. In Fig. 1(b) we also comparison with the deuteron wave functionfq), espe-

show a part of the functio,(p,), denoted ag,, whichis  cially for g>0.5 GeVk. Actually, when substituting th&
very close to the total functiory;(p;) at small spectator Ccomponent of the deuteron wave functio(n) into Eq. (3)
momenta p,~0—0.2 GeVk and is negligible for p; instead of the functiorp,(q,3) for =1 and 2 one finds the

>0.2 GeVk. The cross section calculated with these two?crlyjtr(/aensiei; CFriogsszS:r?éllogegoer%ﬁgsg)gmSgr;blga?;oggglute

gatr)ts Lnusrt\;srjsd ; f;zz fg I :ggczgtrif élando):] ielsczzo;lver:alrt]hlzgihe value with the OPE contribution in the Born approximation.
y - Tesp y: : . ote in this connection that in thed— dp process the con-

curves are very close to the total result obtained with the ful ribution of the neutron exchange mechanism in the Born

functions ¢4(q3) and xy(py). In contrast, it can be shown approximaion is not dominatingl7] for T,>1 GeV and

that the cross section calculated with the Complemema%omparable with the OPE mechani$fd 18”

parts 1 —¢; and x;—x; is 5-6 orders of magnitude As an additional test of thap-transfer mechanism the

smaller. spin-spin correlation paramet&r is calculated here for the

~ Second, the above result also displays that the ST mech@rocess with a polarized incident proton and a nucleus. This
nism |nVO|VeS rather IOW “Spectator” moment@1~0 parameter is deﬁned as

—0.2 GeVk in the function y,(p1), which makes this
mechanism dominant. The qualitative explanation for these _do(11)/dQ—do(T])/dQ
results follows. One can find from Ed2), that for Q; T de(I)/dQ+do(1])/dQ”
=—Q (et id. 6.,=180°) the equations|3;=(qy, and p, ]
— —p, are satisfied. Consequently, the main contribution invhereda(11)/dQ andda(1])/dQ are the cross sections
the integral oveddys in Eq. (1) gives the regionp,|=|ps| for parallel and antiparallel spins of colliding particles, re-
~0, in which|gay=|gos ~Q; . On the contrary, the region spectively. The numerical calculations with allowance for
L " L _ _ . 3 -
of |01/ = |Qos ~ O corresponds ttp,| =|ps|~2Q; and plays two channeISJ—loandv—Z in the °He wave function sh.ow
an insignificant role since fof,>1 GeV the momentun®, that at f.;,=180° andT,~1-2.5 GeV the valueX is
is large,Q,>0.6 GeV! ~0.1-0.15 independently of the initial energy.
Third, we have found numerically, that the contribution of _ In conclusion, the remarkable sensitivity of the cross sec-

the OPE mechanism without taking into account rescatterion of backward elastigp-°He scattering to the high mo-
ings is in agreement with the experimental dataTat Mentum components of tiHe wave function in th&-wave
=0.5-1.3 GeV, but is by a factor 20—30 smaller in com- Cchannel is found for energies above 1 GeV. The dominance
of nucleon degrees of freedom is demonstrated. Since the
mechanism of thap-pair transfer describes the available ex-
L o o perimental data in the interval of incident energies 0.9-1.7
The replacement of the nonrelativistic mome@=Qq' by the — Gev satisfactorily, there is a reason to measure the cross
relativistic onesQ'"'=Qg’ (where Q™'<Q™) practically does not  section at higher energies in order to enlighten the validity of

change the ST cross section at enerdigs0.4-1.2 GeV as was  phanomenologicaNN potentials in describing the structure
found in[2]. However, for energie$,>1 GeV such a replacement s |ightest nuclei at high relative momenta of nucleons.
becomes important and increases the cross section. Therefore, in a

complete future analysis of this process one should take into ac- This work was supported in part by the Russian Founda-

4

count relativistic effects in a consistent way. tion for Basic ResearctGrant No. 96-02-17215
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