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Suumary

The alpha induced devteron breakup reactfons have been of Interest sinee
the three-nucleon, nucleon induced deuteron breakup, problem was addressed with
tractable nnd predictive codes based on the Faddeev formallsm and with appropriate
nucleon-nucleon forces. In this paper we discuss o few special features of the
alpha Induced druteron breakup reactions.  Specifically, we point out the fmport-
ance of the n-p tensor force 1n the predictions of the three=body model that
fivt the tensor analyzing powers better and the concommlittent deterlorat lon of
the {1t to the vector analyzing power caused by the [nelusfon of the tennor foree,
We suppest that there exfuots evidence for the 'S n-p Interactlon, which g
tuospin lorbldden, In both the crons pection and spin observables data, Finally,
we dincusns certaln characteriat ben o0 the p=a quasitrec-seattering and o-uo fInal-
state-{nteract fon procetsen.



Introduction

Alpha induced deuteron breakup has bean studied over wide range of energies,
4 - 55 MeV, for p-a quasifree scattering (QFS) and p-a, n-a and n~p final-state
interaction (FSI) kinematic conditionsl_3). Dzta recently have been compared with
the predictions of the three-body modelh) which assumes that the alpha particle is
a structureless bosor. and which uses separable potentials for the input N-a and
n-p forces. Specifically, the model employs N-a 51720 p3/2 ard p1/2 forces with
Yamaguchi form factors. The Coulomb force 1s not explicity included in the three-
body equations, but only in the two-body p-a t-matrix so as to reproduce experimental
p-a phase shifts. For then~p system only a 381 renk-one Yamaguchkl potential is used.
While the three-body model provided satisfacoury fits to most of the data, somel
slgnificant discrepancies exist, Therefore, it 1is necessary to investgate whether,
and in which way, more realistic forces affect the predictions from the model., This
paper discusses some 1Hpocl:\] features of the alpha induced deuteron breokup and

information derived from these features.

Quasifree Scatterlng

The Importacee of the two-perticle Input ferce for the FS 1s well establ {ahed
trom the b(p.ppIn Rtll(“(‘l'-b). Stwilarly, 1n order to (it the p—a QFS data It ik
necestary to employ a pgood p-a input lur('(']). However | even at the el enerpy ol
47 MeVv, though the fmpulne approximat fon term, 1 L fi the Jarpest one, other terms
In the maltiple seattering serice, partfenlarly those which terminate fn the n-p FSI,
are very lmportant.

The [nadequacy ol the plane-wave-bupul se- approxtmat fon (PWIA) approach s

dramat leally demonat rated thirough the mtudy ol polartzat ton obrervables.  For the

inefdent deuwteron energy of 1/ MeV, the meanmd AV ol the poa Fs ITn 0050 4+ 0,00,

Ay weanmed for hree poaneattecing ta -004,0 However . o the QFS kinemat fe repton

while ot the corrtesponding condittonn, f.e = .7 MeV oand o -4 e
"

the meanured tennor-analyzing powern e conslatent with z2ero an futuitively



expected from the QFS picture.

This information 1is us:ful when one plans to use the 4He(_ci,ab)cd reactions to

48 two-spectator QFS processes.

Tensor n-p Interaction

1 :1e tensor n-p force recently has been included in the three-body model6)

The comparison of the three-body model predictiors, when the tensor force is
-

4 2)

included, with our 17 MeV 'He(d,p a)n data shows that the inclusion of the tensor

force which predicts a deuteron D-state probatility of 7% significantly improves
the fit to the tensor-analyzing power data, as shown in Figure 1. On the contrary,
the fit to the vector-analyzing power, Ay’ becomes somewhat worse. We also hove
done the calculation with the tensor for:e which results in D-state probability of
4% and, as expected, the results are 111 between those for 7% and 0% D-statc
probabilitices. Slm;lllxr indications "iave been obtalned from the kinematically
{ncomplete measurements of the All(-\:l,p)s}lv reactlon at 21 Ml'V7). Thus, we conclude
that the tensor-analyzing powers are gsensitlve to the n-p tensor force. The vector-
analyzing power s Influenced by the hitherto unincluded forces.  Thus, It is
worthwhile to fnvestipate wnsther aoditications of the N-a {oree, notably the

1']/,} force, would restore agreement between the predictlions of the three~boldy mode!
and the data. Likewlne, It in dmportant to Investgoate the elfect ol the tennor

force at hiypher encvplrs,

1
, . .
The  He FGT Strucowm e
g

The crons ve tlon enhioneement s due to the oo, P, He
pti

rtaptdly an o harctfon ot the aelattve o-a com, anple,  Fihpare ' Ghows that he

Heems to vory

)
fnctuston of tae tennor foree modihlen the pediered e | npectial ontractuw e
It

tather sipnftfoantly and o ditterent wava, Hoeo, one peak tnereares I magnftude

wittte the ocher decteanen, With the Dol ced it avallable ) we supgent that alphe

1
) .
faduced deateron bhreakup apectra which fnelude the e , Mhructuree nhould e acgutred,



This should be done for both low and high energies.

The 150 n-p Force

The 150 n-p FSI 1s isospin forbidden in the d-a breakup. The present three-
1
body model ignores the 1SO n-p force. The possible contribution of the SO n-p

interaction has been ctudied experimentallya) and theoretically in the framework

9)

of the impulse approximation
Our 17 MeV dataz). analyzed in a higher resolution mode than previously

considered, are shown in Figure 3 (3a: OOl = 20° Op = 120° and 3b: Ou = 30°

Op = 82.80) and are compared with the three-body model predictions. First, we

note that there was an error in our coda related to the n-p F$I enhancement. The
error has been correctede) and, in order to illustrate its effect we show the old
incorrect cali 1lation the new correct, but not including the tensor force, calcul-
ation, aund th. new (‘.'llllc'ul.'ltion which includes the tensor force. The error appreciably
influenced only the region where the n-p relative enerpy Is close to zero. In the
reglon far from the n-p FSI the inclusfon of the tensor force improves the fic to
the cross  section as shown fn Figure 3a.  Sowever, in the n-p FSI region, as shown
h Vigure 3b, the Inclusion of the tensor foree makes the (1t worse, uaderl Ining the
need to dncorporate the 1.‘%0 n-p lorce also. The effect Is not larpe, but it is
apparent . The discrepancy at l".p approxfmately 4 MeV could be a reflection of the

B S() n=p fmporities or of an Inadequate P n—-a lorce,

1/2

1
More Insfpht {nto the role ot the Sy nep force can he obtalned from the spia

obrervables.  Ta Table T we compare our measurements at 17 MeV for cne react Jon

I. N . ) 10
He(d ,d™)a at “(' . 116.4%" with the previously measured elastic seattoering data )



Table 1

. 4 - 4 -
Comparison between He(d,d)a and He(d,d*)a data

Observable 4He(a',d)on, ref. 10 4He(_é,d*) a, ours

A, ~0.40 -0.3 + 0.1
A +0.25 +0.6 + 0.1
- *
A 0,65 0.8 + 0.1
yy -

The good agreement for the Ay and Ayy suggests that the 351 n-p force dominates
the n-p FSI interaction. However, the fact that the Axx results differ markedly
suggest that this observable may be sensitive tu the details of the n-p force,

particularly to thelso component.
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Figure Captions.

1. The tensor analyzing power, Ayy’ for the reaction AHe(E,pu) n at 17 MeV
and Qa'- 300. GP = 82.8°. The solid curve is for the three-body model
prediction with no n-p tensor force and the dashed curve is .for the three-body
model prediction including the n-p tensor force with the deuteron D-state

probability of 77. Kinematic conditions for the n-p and SHegs FSI, as well

as for collinearity, are indicated.

2. The cross section for the reaction 4He(g,pa)n with Qa = 200, 6 = 1200,
and Ed = 17 MeV. The curves ate: W = a previous calculationz) without
the n—-p tensor force and with an error in the n-p FSI enhancement region;C=no tensor
force and no error; and C-T = with the tensor force and Pd=72,and no error.
3. The cross section, in the higher resolution mode, for the aHe(ﬁ,pu)n: (a)
°o_- 20°, 0, = 120°, and (b) L 30°, 0, = 82.8°. The curves are
labeled as in Figure 2.
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Figure 2.
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