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Three-body treatment of the (d, ?He) reaction on the basis of the adiabatic approximation
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A parameter-free method is proposed for the analysis of dhéHe) reaction. The three-body final state is
treated in the adiabatic approximation. The method is successfully applied to the data at 270 M& on
target.[S0556-28189)04611-7

PACS numbds): 24.50+g, 25.45.Kk, 24.70ts

. INTRODUCTION (d, 2He) reaction should be straightforward in principle, yet
The (d,?He) reaction at intermediate energie€,( it has never been done presumably because the complicated
>100 MeV/nucleon) has become one of the most powerfutharge-exchange form factor is involved. A purpose of this
probes for the study of spin- and isospin-excitations in nuclearticle is to present an explicit formulation for the three-body
[1-6]. It provides information on such modes in the,|f) treatment of the ¢, ?He) reaction and to apply it to the
channel with an experimentally much more favorable condi-analysis of the previous data offC target at 270 MeV.
tion than other charge-exchange reactions of the same typ&ince the present method is realistic but acceptably simple, it
Rich information of polarization observables also makes thigill hopefully encourage extensive applications of the reac-
reaction notably usefyll,7]. ?He is in reality a pair of pro- tion.
tons coupled to theé'S, state. It is measured by the coinci-
dence detection of two protons emitted in close geometries,
but under a large background of uncorrelated protons pro- Let us consider a description of one-step direct reaction
duced by the deuteron breakup. This difficulty, which waswith a general form ofA(a,b)B, wherea and b are the
serious at lower energies and effectively hampered the exsound and scattering states of nucleons 1 and 2, respectively.
tensive use of the reactidg8], however, has been overcome The spin and isospin oA(B) and a(b) are denoted by
by the use of a magnetic spectrometer as intermediate-enerdiy(1g), Ta(Tg), Sa(Sp), andt,(ty), respectively.R repre-
deuteron beams become availapdg. The simple one-step sents the relative coordinate between the projectile and the
reaction mechanism expected at such energies also leadstasget,r the one between the particles 1 and 2, and their
transparent interpretations of the data. corresponding asymptotic wave numbers are denote# by
That the reaction has a three-body final state still give@nd K, respectively.u;;=mm;/(m;+m;) is the reduced
rise to difficulties in theoretical treatment, although the seinass of the particlesandj. The T-matrix element is evalu-
lectivities on transfered angular momenta make the problerAted in a way analogous to Réfl1]; the charge-exchange
considerably simple to attack. In the previous publicationProcess is treated to first order and the exit-channel wave
[1], where the data of detailed angular distributions for dif-function is treated in the adiabatic approximation. While po-
ferential cross sections as well as for vector- and tensorarization observables are subjects of interest here, the adia-
analyzing powers were presented for the first time, an atPatic approximation, as described below, is not capable to
distorted-wave Born approximatid®WBA) theory. The re- functhn iS therefore gen_erated using the eo_nventmnaj op_t|cal
sult was encouraging, as all the data for low-lying discretg?otential. It is worth noting that the possibility of projectile
levels of the residual nucleus were reasonably well reproPreakup, which allows the charge-exchange from the con-
duced by the one-step DWBA calculations. But thée op- tmuum of. incident-channel directly te th.e final scattering
tical potential generating the final scattering wave functiorState, is discussed for thel,CHe) reaction in Ref[12], but
was arbitrarily searched to fit the data, giving rise to ambi-Without the spin-orbit potential. - _
guities in interpretation of the result. There is no phenom- The three-body wave functiol (") describing the final
enological information on thdHe-residual-nucleus effective Scattering state satisfies the Safinger equation
interaction. Besides, the validity for describing the final scat- 52
tering state by a local optical potential, as usually done in | —
two-body reactions, is doubtf(ilL0]. 2/1pp
A parameter-free method to treat such three-body dynam- -0 1)
ics was proposed on the basis of the adiab@ti@lso known '
as “sudden’) approximation[11]. It was successfully ap- The adiabatic approximation to solve this equation is to ne-
plied to the analysis of the®He,?He) transfer reaction, but glect the excitation of the particles 1-2 syst¢h3], i.e., to
employing the zero-range approximation to simplify the in-replace the sub-HamiltoniaH ;, by € (=%2k?/2u1,), rela-
teraction with the transfered nucleon. Its extension to theive energy between particles 1 and 2. The condifione
for the validity of this approximation is well fulfilled in ex-
periments we are concerned with. Also the interactgg
*Electronic address: okamura@phy.saitama-u.ac.jp between particles and B is approximated by the optical

II. FORMULATION OF THE CALCULATION

VZ+ > Vig(RN+Hp—E[WH(Ke kR
i=1,2
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potentialU;g evaluated at(E—¢), neglecting its spin-orbit  wheref = (2\ +1)¥2 andW(LIL'I";J\) is the Racah coef-
component. The sum of potentials is then expanded in mukicient. Sincer appears only as a parameter, they are numeri-

tipoles of R andr as cally solved at each givenwith the boundary condition that
Uss R+%)+UZB( R—%‘) , R .
XK R — €906 6 FL(K(R) +€ LT (1)
=472 U,ROIMA(RLIMY(DTG, () X[GL (KR +iF L (KR, ®)

where the square bracket means a vector coupling, for e¥vhereF_andG, are Coulomb wave functions and is the
ample, as Coulomb phase shift.

The incident-channel scattering wave function is ex-
anded in an ordinary form as
YURLIY(PE=IETS LMY RYPG. Y
XGRS ()
Expressing the wave function of ejectibeby

A
zﬂmbvb(k r)—— > xi(kr){Ispmm,—m|s,my) YM(K) “KiR E Xau(Ki;R)(LsaMm[IM-+m)
lmsb +m
R L 3 XY RDLSYLR) s (0] (D)
) Sb Sb tbl

m The bound state wave function of projectdds given by
where ¢Sl,]b (¢tbb) is the vector coupling of spiriisospin

functions of particles 1 and 2, the adiabatic three-body wave
function W}’ can be expanded 4%4]

A a"ﬁ(r)- 2 U s (DY, (1), b5 1702, (8)
TEP(Ke KR ,
where ¢::a (¢fa) is the vector coupling of spirtisospin

4
K JLIEMm (LIMm[IM+m)(Ispmm,—m|s,mp) functions of particles 1 and 2. For the deuterops0, s,

=s,=1, andl,=0, 2.
The target form factor is defined as

(Kf)k xi(K; r)d’ <I5

L BMAVBVA MaT
X > (Ispm’ my—m’|somp) Y™ * () A < Pre e

m’

> Vi
t,p

IAMATAVA> , (9

M wherey=R+r/2 andVy, is the effective interaction between
XE Xenn (KRGS YL (R)I Y (D™, nucleons in target and projectile. Its matrix element with
" respect to the coupled spin and isospin of particles 1 and 2
(4) can be expressed, by analogy with the point-particle scatter-

ing [16], as
where K;=[2upg(E—€)1¥%%. For 2He, ty=1, sy=s| 9[16]

=0, and accordingly=0. Due to the absence of spin-orbit " w
interaction,s;, remains as a constant. From E¢, (2), and <¢> ¢tb|F BBATABTi Ny b
(4), coupled equations whiclqﬂ,,,;LI should satisfy are de- ‘

duced to bg15] =(—)% ™ > (1,jMaMg—Ma|lgMg)
Is”jmt

d? . L(L+1) 2%8

2
gre TN TR Uo(R,") | xii:Li(KesRr) X (slsim.—m{|s'm.—m)

X(Is'mm;,—mg [iM g =M ) fig (V)i 7Y™ (),

Z”bBAizl L/ Ll 10

wherel, s', j, andt are the orbital angular momentum, spin,
total angular momentum, and isospin transfered to the target,
respectively. In order to carry out the integration ovethe
X{INOO|I"OYW(LIL'I";IN)U(R,r), (5)  form factor is expanded in multipoles as

XX (K ;R,r)go N(L\OO|L’0)
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fe i (WIYTY) = 2 H'El’d;(

k2

The coefficient of expansion is given 7]

R, %) [it2YL (R it2Y (D]
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(11)

H:_Sﬂt(rl,rz)_ﬂ = LzE O +1,0(— ) THt 220+ 1)(15N00[L 10) (1,0 00| Lo0) WL 11 Lo 5 M)rlrlz

\/Wj fisr ]t(y )P}\(Cosg)d(cosa)
20)N(2

wherey’ = (r3+r3+2rr, cosg)*2

(12

It will be a good approximation to evaluate tiiematrix element in the prior formalism by usir)g(ﬂl//;net‘”a and thel’
a-a

=| component of\If,(ag), which is the projection onto the elastic channel of the final scattering state. Although it appears
similar to a simple extension of DWBA, the present method is beyond thefgasallows the coupling witH’ #1 channels
through the dependence ’?iw;u onr. If s{=s,=0, that is the case fofHe, theT-matrix element is considerably simplified

and can be written explicitly as

T(kK; K =(¥g

BMAVBVA| (+)¢maVa
| | TBTA

J1'=N|F

4 .
=K 2 J(IAMaMe=M,IsMe)

>

JiLiLglL 1gs]t

(LiSa0mg| Jima)(LiM (Mp—M | mg) Y (Ky)

)itV Ll L Ts(L gL 00|L;0YW(L L' JiSa; Lij )W(L 1Sk :1S0)

Xf erO(k;r)ulas;(r)f dRXt:o;Lfo(Kf;R,r)H

whereM;=m,+Mp—
=1, andl

Mg. Further restrictions of=1, s}
.=0, 2 are imposed for thed( ?He) reaction. It is

!
Is,it
L'l

(R%) Yo (KiiR), 13

multiplication of a factor of 2 ap-p is assumed to be in the
13, state. The two-body cross section of thi {He) reac-

worth noting that the DWBA representation is obtained fromtion is defined in most experimental articles[8s9]

Eq. (13) by replacing)(t'o n O(Kf ;R,r) with XaL (K¢;R),

1 [ €max
the distorted wave descrlblng the center of mass motion ofdQ[(d ’He)|= Zf dff kodQ
particles 1 and 2. The difference of the present calculation €min am

from the one given in Refl], however, lies not only in the
treatment of the final scattering wave function but also in th
description of the incident projectile. Contributions from the
deuteronD state[l,=2 component in Eq(13)] were ne-
glected in Ref[1], which further simplified the calculation.

Finally, attention must be drawn to the specific treatmen

of the (d, ?He) reaction. The triple-differential cross section
for the three-body d,pp) reaction is obtained from

3 27 pan 1

dQdedee[(d’pp)]: n2k, P (20at1)(25,+1)

X >

MgMamg

+[T(=kKi K2,

[|T(k1KI !Kf)|2

(14

wherep is the phase-space distribution with respecﬂfc,@f .

Qy, ande. The summation fok and —k, which takes the
indistinguishability of two protons into account, results in

o o]
(dQ,de PP

(15

Svhile analyzing powers are averaged oveweighting with

€the cross section. The facterin Eq. (15) arises again from
the indistinguishability of two protons, which, in theoretical
calculations, cancels out with the above mentioned factor 2.

The integration limits are chosen in most modern literatures

[1-3] as €ip=0 and €ma=1 MeV to keep contributions
from p-p partial waves higher thartS, negligibly small.
Contributions from higher partial-waves as a functioneof
are discussed in Refs[18,19, though only for the
'H(d,pp)n reaction on the basis of the plane-wave impulse
approximation(PWIA). According to their analyses, such
contributions are of order of a few percent K.y
=1 MeV, but grow to be significant asincreases. In some
literatures for the @, 2He) reaction, however, the integration
limits are chosen to be different, e.@mn.=5 MeV in Ref.

[4], or even not specifield,6]. One must therefore be careful
in comparing the magnitude of the cross section between
different experiments, as well as in discussing the spin-flip
strength.
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TABLE I. Optical-potential parameters used for the calculation.

Elab Vr R agr Wy Wp r a Vis lis as fc
(MeV) (MeV) (fm) (fm) (MeV) (MeV) (fm) (fm) (MeV) (fm) (fm) (fm) Ref.
d+*C 270 27.7 1.22 0.86 40.6 0.0 1.10 0.892 3.81 0.71 0.68 1.3[20]
p+1%C 134 16.54 1.230 0.784 10.26 0.0 1.313 0.540 1.39421]
l. CALCULATIONS AND THE RESULTS Vgl(r)=3.5Y(r/l.4) +(257.05+132.37)Y(r/0.4)
The incident-channel distorted wave is generated by the — (631.79+470.63)Y(r/0.25

optical potential with the standard form
—(44.38+3.53)4(r),

U(R)=—Vgf(rg,ag;R)—iWyf(r,,a,;R
(R)==Vel(rr.ar:R) =W R) V2, (r)=(54.12+ 16.52)r2Y(r/0.7)

fo\%21

- | — _ 2

m7c> =Vis (302.1+162.0)r2Y(r/0.55
+(1706.9+ 976.4)r2Y(r/0.4)

d
+i4a|WDﬁf(r,,a,;R)+2

d

Xgrf(is.aus RIL- s+ Ucou(R), (16) —(9194.1+ 5643.6)r2Y(r/0.25,

whereY(x)=e */x and o, 7, andS;, are the spin, isospin,

and tensor operators, respectively. It is expanded in multi-

poles to calculate,s ;. The spectroscopic amplitudes are
R—r,AY3 171 obtained from the wave functions of Cohen and Kufa)

1+exp(—) - and of Millener and Kurath[26] for the positive- and

negative-parity final states, respectively. Their values are

. _ ) ) listed in Table Il. The single-particle wave functions are cal-

The same form gxpludmg the spin-orbit component is useq |ated using Woods-Saxon potentials with=1.25 fm, a

for Upg in describing the final-state scattering wave. The_ g gg fm, andV, <=6 MeV by varying the well depth so

Coulomb part, however, is not expanded in multipoles of that the roton is bound by 15.96 MeV and t
so that the boundary conditidiq. (6)] is satisfied at a rea- & -0 Bifz3p37 Me\l/ Hne by > L

sonable size oR. Since the ejectile consists of two protons, _ Is'jt
the deviation caused by this becomes sizable only in the The amplitude oty ¢ (r)H, (R.r/2), the product of ra-
region of r=2R, where contributions to th@-matrix ele- dial components of the deuteron wave function and the ex-
ment are very small. Thus the Coulomb interaction is appanded form factofEgs.(8) and(12)], is presented in Fig. 1
proximated to act on the center of mass of the system. for low-lying discrete levels of?B but only forl,=0 (deu-
The potential parameters used in the present calculation ateronS state and accordingh.’=1. Noting tha‘u,//Sbtb [EqQ.
listed in Table I. It should be noted that the parameters fo{3)] ijs a moderate function of in the region of e
deuteron have been obtained from the new data on elastie 1 Mev, if the range of above function with respectrtcs
scattering[20] and differ from those used in Reffl]. The  gyfficiently short, the three-body wave function
proton lpotent|al or(exuteq 123 target is approximated by Xirw-u(Kier) may be replaced effectively by a distorted
that on °C target. The adiabatic coupled-channels equatlon%avéXJL(K;R) dependent only oR, as originally discussed

. . l .
Elligoﬁg are solved taking relativéS and 'D waves into for the (d,p) reaction by Johnson and Sofdd?3]. Figure 1
. Is’jt

Both the deuteron an@He wave functions are calculated Shows that the amplitude dfios’Hjo * indeed reaches a
by using the Reid softcore potent[@2]. The choice of two- maximum atr ~1.5 fm and diminishes with increasingr-
nucleon force, however, has negligibly small influence onrespective of both the residual state and the transfered orbital
the result. The target form factors are calculated by usingingular momentunh, but varying rather slowly in compari-
ordinary and well established parameters. The effective twoson withK which becomes as large as 4 ffat 270 MeV.
body interaction is taken from the central and tensor parts o€onsequently the use of an effective distorted wave for the
thet-matrix parametrization at 140 MeV by Franey and Lovefinal state can lead to a poor approximation, besides there is
[23]. The effect of the single-nucleon knock-on exchangepractically no way to deduce such a function. The presence
(SNKE) is included by a short-range approximation for the ¢ H:_S,’ljt, however, imposes some restrictions on the reaction
central part[24]. Since only thes=t=1 components are a

involved in the reaction, the interaction is given in an explicitas described below. . .
form as The calculated angular distributions of the cross sections

and the analyzing powers are shown in Figs. 2 and 3, respec-
0 5 tively. They are in reasonably good agreement with the data
V(rj) =[Viyrij)oi- o3+ Viy(rj)Spplni-7;, (17 previously presented in Refl]. Although an overall nor-

where

f(ri !ai ,R):
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representation

neutron-proton

in
Edmond’s convention for the reduced matrix ele-

amplitudes

Spectroscopic

TABLE

12B excited states.

o)) for

¢

—p

vajl]j”lATAVA)v aj,= ()"
ments; radial wave functions positive at the origin together With,

+
12

1<| sTevsll[a

G~

(Jai2)

E, (MeV)

w
n

(Ie)

O0p10ps2  Op10py1p

0p3 0Py

0p320p3p

0.0733

0.3270
—0.1126

0.6907
0.6884

0p30ds),

0.0825
0.0476

+
1

1
2

0.95

n
1

Opy0ds,  0py0dsp,

Opyplsyy

0p320ds,

Opzplsyy

0.0077
—0.0688

—0.0924

—0.0835
—0.0958

0.1277
0.6032
0.8129

0.7285
—0.2481

2.62
4.46
4.52

—0.2788

1

malization factor of 0.7 is required to fit the cross section,nuclear structure. A notable feature is the very small contri-

relative factors for the 2, 2, , and 4 states with respectto butions from the deuterob state,

which are shown by the

the ground state are consistent with those obtained in thdifference between the dashed and solid curves for each

analyses of intermediate-enerqgy, () reactiond27-29

state. Furthermore, effects of coupling withwaves for the

in-

Calculations without the

p system are exceedingly small.

dicating that they come from the improper description of thep-

FIG. 1. Amplitude of the product of the deu-
teron wave function and the expanded form

some

for

eY(R,r/2)],

a

111
L'l

|U|a5é(l')H

12C[0*;gnd|—12B[ 1] transitions, but only for

factor

|,=0 (deuteronS statg and accordinglyL’

LA
IR
o
2— 4!

1
)
(1L
i

(il
Wl
e

U
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10F 6nd {1 095MeV 1 262MeV T
0.5 F 4 + +
0 = E
10 4, 00 ..,,!-owb’j’t Py ._x_.+ 'er-
—-05 F K kX k3 _' $
107t -1.0
1.0
107% 0.5
A,y 00
% 10_2: -0.5
} -1.0
g X7 1.0
S 1077k 0.5
= i Azz 00
o 1072L —05
] : -1.0
10° ) 0 51015 0 5 1015 0 5 1015 0 5 10 15
Oomm. (deg)
107tk FIG. 3. Angular distributions of the vector- and tensor-analyzing
i powersA,, Ay, andA,,, for the *C(d, °He)"?B reaction. For the
10-? curves, see the caption of Fig. 2.
el IO larly A, becomes totally independent of the two-body inter-
10 0 5 10 15 20 25 action and of the form factor, giving the theoretically maxi-
0 (deg) mum value of+1. Likewise, for O which exceptionally
c.m.

allows only I=1, Ayy=+1 and A,,=—2. Although the
FIG. 2. Angular distributions of the cross section for the problem is simplified in PWIA, it is worth noting that, from

12C(d, ®He)"*B reaction. The results of calculations are presentedthe parity conservationA,,=+1 for 0 and A,,(0°)
normalized by the factors indicated in the figure. The solid curves=A,,(0°)= — 0.5 for natural-parity states irrespective of the
represent the full calculations while the dotted and dashed curveseaction mechanism.
represent the results without including the tensor interaction and the Figure 4a) shows the calculated triple-differential cross
deuteronD-state, respectively. The sum of Zand 4, is shown by  sections plotted as a function ofe for the
the dot-dashed curve. 12C(d,pp[*Se]) B[ 17;gnd] reaction at various scattering

coupling, if they are drawn in the figures, are not distinguish—angles' For comparison, the prediction of the Migdal-Watson
able from the solid curves. It is somewhat unexpected Sincformahsm[SZ] and thee dependence solely determined by

the D-wave breakup effect is known to be important for theﬁqe overlap of spatial components of projectile wave func-

. : +) o tions, (| a)|%p, are presented by dashed and dotted
de“t.er.o” elastic scatteririg0]. Indeed‘l{ad suffers'non curves, respectively. The shape of spectrum is almost inde-
negligible effects from thé-wave coupling, but mainly at

. . endent of scattering angle 4=15° and is in good agree-
relatively larger. Those effects are then strongly hindered bypment with the Migdzgl-wgtson formalism. As ?he scaqctering

. it . . . . .
the presence of short-range funCtllthan and hardly appear angle decreases, however, the distribution is relatively en-

at least in the forward-angle region where the data are avaiRanced at smalk, becoming close td( | a)|%p at very
able. The situation is similar for thel(p) reaction where the forward anglesx;,. (K;R,r) has little influence on the
D-wave breakup effect was reported to be relatively smaldistribution since it depends o& only through the energy
[31]. conservation. The projectile wave functions therefore must
The tensor component of the effective interactify.  be primarily responsible for this feature. The behavioreof
(17)], on the other hand, plays a definitely important role adistribution is readily understood if the reaction is considered
in other charge-exchange reactions at similar energies. Theiin the plane-wave limit. The integration oveis separated in
effects are shown by the difference between the dotted antdhis case, omitting explicit reference to the spin and isospin,
solid curves in the figures. The data, particularly rich structo be( ¢y (k;r)|e'%"|#.(r)), whereq is the momentum trans-
tures of A, and A,, for unnatural-parity states, are never fer. At forward angles wherg~0, it is reduced to be
reproduced without the tensor interaction. But effects on anatyy|#,), while at backward angles, due to cancellation by
lyzing powers for 2 and 1; (natural-parity states are, in rapidly oscillatinge'®", the cross section reflects tlede-
contrast, very small. This is expected from the consideratiofpendence of short-range part ¢f and accordingly agrees
in PWIA for 0" targets[7]. Analyzing powers for natural- with the Migdal-Watson formalism.
parity states where=j components alone contribute are re-  This feature ofe spectrum has not been confirmed experi-
duced to be quotients of simple functions of the interactionmentally since experimental apparatus used at intermediate
because of the strong selectivities of the reaction. Particuenergies has sensitivity only in smallregion[1—-6] except
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d%/dO;d0O,de (arb. units)

-
[AY)
o
o

 (a)

lzc(d,pp) 1ngnd
E,=270MeV

s >15°

3

=
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compared with the present one. Though such a calculation is
beyond the scope of this article, a rough estimate will be
obtained from a similar reaction, i.e., the deuteron breakup.
The agreement between the adiabatic approximation and
CDCC for the deuteron breakup is known to be good if the
incident energy is sufficiently large<80 MeV) [30]. Also

the energy produced in the charge exchange process is ex-
pected to be small and have little influence on ¢hdistri-
bution, since the elementaryH(d, ?He)n reaction is well
described up tae=8 MeV by the PWIA[18] which also
neglects the excitation ip-p system.

IV. SUMMARY AND DISCUSSION

A treatment of the 4, 2He) reaction describing the three-
body final state in the adiabatic approximation has been pre-
sented. Calculations are carried out taking the coupling of

i Tl andD waves of thep-p system as well as contributions from
Lo T the deuteronD state into account. Both effects from the
800 - ] D-wave coupling and the deuterd state are found to be
very small at least in the forward-angle region, due to the
short-range nature of the form factor. Noting that the reaction
inherently shows steep angular distributions because of the
N broadly spread projectile wave functions and thus measure-
ments are feasible only at forward angles, those effects are
safely neglected in analyses of the experimental data, which
serves to save computing time considerably. The tensor com-
. ponent of the effective interaction, on the other hand, plays
126'2165S'['1(;‘)0])Cligf‘1'af.e;;d‘]je£§£§:°:tcht;'tee‘r’irr‘:gz zgféfsvif%r ::]e an important role even in this angular region. Though it is
interv:al of 5°(solid car;/esz The amplitudes of the cross section are kr!own o give QOOd results for nucleon-induced reactlonsiln

' this energy region, the treatment of SNKE may be a remain-

normalized at their maximum. The dotted curve representsmg subject; effects for the central interaction are included by

[{] )| %p (see text, and the dashed curve represents the predic- L . .
ti<onbofat>he Migdal-Watson formalisrf2]. (b) Experimentale de- the short-range approximation, while those for the tensor in-

pendence of the spectrum at=0°. Predictions of the Migdal- teraction are neglected. It is worth noting that, in H&g,
Watson formalism and df ;| #,)|%p are shown normalized to the both components of SNKE were calculated e_xac_tly for a
data by dot-dashed and solid curves, respectively, takingletec- heavy-ion charge exchange reaction and contrlbutlons from
tion efficiency of the detector system into account. The ratio beth€ tensor component were found to be negligibly small.

tween the dotteddashedl and solid(dot-dashejicurves represents The results of the present calculation are in reasonably
the detection efficiency of this systefi@]. good agreement with the data at 270 MeV on 4@ target,

though an overall normalization factor of 0.7 is required to fit

for the scintillator array used in Ref18], the tolerance of the cross section. Nearly the same normalization fa€@)
which for count rate, however, was too low to allow mea-was needed also in the DWBA calculation given in Réi,
surements on targets other than hydrogen. The situation fa@ven after searching for théHe optical potential. While the
ordinary magnetic spectrometers is illustrated in Figh)4 absolute value of the cross section is a subject of various
where a typicale spectrum at?=0° is compared with the models introduced in the calculation, the origin of this factor
predictions based on the Migdal-Watson formaligsolid  is most likely to be ascribed to ambiguities in estimation of
curve and on|{ | #.)|%p (dot-dashed curyetaking instru-  two-proton tracking efficiency for the detector systsh A
mentalp-p detection efficiency into accouf®]. The small  systematic study in this direction is in progress with targets
difference between them substantially inhibits detailed dissuch as®Li, °Be, *C andsd-shell self-conjugate nuclei,
cussion on thee distribution. Besides, contributions from the transition strengths of which are known frggrdecay or
higher partial-waves which may not be neglected at large (p,n) reaction as well as shell-model calculations. The de-
must be taken into consideration. gree of fit to the experimental data, including analyzing pow-

Still the e dependence of the cross section is a subject foers, is nearly the same as that of the DWBA calculation. But
validity of the present method since the adiabatic approximathe advantage of the present method is that the calculation is
tion neglects the excitation @-p system while theq,?’He)  performed in a parameter-free manner, i.e., without introduc-
cross section is defined by introducing the integration limitsing the unphysicaPHe optical potential. This allows appli-
on € [Eq. (15)]. For the exit-channePHe scattering, the cations to analyses of data for heavier targets with neutron
coupled descritized continuum channélSDCC) method excess, where the role ofi (p)-type reaction becomes really
will obviously give a better description which should be important but discrete and known levels are not available for

counts/50keV

400 ~ L T ]

e (MeV)
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references to examine the reaction mechanism. present problem. It will also be possible in this case to treat
It is of interest to evaluate contributions from higher par-the incident-channel wave function in the adiabatic approxi-
tial waves than'S, in p-p relative energy spectra since it mation and to include effects of the deuteron breakup which
has never been done on nucléaonhydrogehtargets while  may be important as discussed in Réf2]. The presence of
experimental study on such targets is definitely difficult asspin-orbit part inUyg, however, allows transitions to the
shown in the previous section. In the present formalism, calspin-singlet states gi-p system without spin transfer to the
culation of D, component is straightforward though it is target, which makes the problem much more complicated.
rather involved than that fot'S, [Eq. (13)]. Before doing  Such investigations are therefore reserved for future work.
that, however, contributions fromP waves which should
bepome important a}t lowes than'lDz must be evaluated. ACKNOWLEDGMENTS
This requires inclusion of the spin-orbit componentUpg
and accordingly a reformulation of the present approxima- The author is grateful to T. Ohnishi and Y. Satou for
tion. A treatment of spin-orbit potential in coupled-channelsproviding the elastic-scattering data prior to publication, and
approach is discussed for the elastic scattering by Tanifujalso to Professor J. A. Tostevin for comments on a draft of
and Iseri[34], and a similar technique may be applied to thethis paper.
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