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POLARIZATION EFFECTS IN THE FINAL-STATE INTERACTION
‘ REGION OF THE p-d BREAKUP REACTION*

et
F. N. Rad, H. E. Conzett, R. Roy and F. Seiler

Lawrence Berkeley Laboratory
University of California
Berkeley, California 94720

August 1975

Abstract:

Tﬁg angular distributions of the vector aﬁa1yzing
poﬁer héve béen measured in the ?H(B,p)np and 13(3,pjnp
reactions at 22.7 and 45.4 MeV,'respectiQely,‘corresPondiné
to the éame‘center—of—mass energy. Significant apalyziné'
powers were found in thé production of final—s;été:np pairs
with ldw re;étive energies, and the aﬁgular diéfributions
show a remarkable similarity to those of the corrééponding‘

elastic scattering.

We report in this letter on the first siénificant pol§rization effects
'observed in the final state intefaction‘(FSI) region of the p-d breakup reaction.
Among the éxperiméntal observables in‘thé three-hucieon system, - the
elastic cross section, inelastic cross section, and eléstic'anaiyzing power
have been extensively investigated.l Inelastic analyzing éowers comprise one
cléss of obéervableé which has received very little attention. That is, only
a few expe:imehts héve been done which even show the presence of polarization

effects, and theoretical interpretation and predictions via exact three-body
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calcultions have not, as yet, been made. The three-nucleon calculations

based on the Faddeev.equations with separable potentials fér the lSo, 381-3D1,
and P-wave compohéhts §f the nucleon-nucleon interaction,?f? have provided
predictions of tﬁe‘vector and tensor polarizations which are in good agreement
with the experimeﬁtal data in the elastic channel,4_6'Whéreés the S-wave forces
alone had been sufficient to give agreement.with thevdifferential cross-section
data.. Similarly, célculations which have been successfulfin fitting inelastic
cross-section data,fhave been restricted to two—nucleoﬂns—waQe interéctions7
and, thus, cannot prédict analyzing powers for incident.polarized pfotons or
deu£erons.‘ | )

Perhaps the first polarization effects seen in Ehe breakup reaction for
the prodﬁction ofvfinal—state np pairs with low relaLiQe gnergy were those
observed by Arviéﬁx et al. in the reaction 2H(;,Zp)n at_iO.S MeV.8 Th:ir
measurements at three angles of thé proton analyziﬁg péWér Ay(e) for tﬁe transi-
tion td the np FSI region showed Ay(e) <§0.05, within the3errors'9f_i 0.02 to
* 0.03. They had noted, for compafison, the similarity ofﬁtﬁe;trend of their
measurements’ to théé of the elastic channel analyéing poWer a£ 11.0 MeV.

Blyth et al.9 havelrgported on the determinatiop of the'deuteron vector analyzing
po&er at_several_ahgles in the]H(§,2p)n, reaction inducea with a beam of 12.2 MeV
vector»polariied deuterons. Their feported.vélues are all ¢onsis£ent~with'zero,
within errors of + 0.0l to * 0.03, but it should Se notedbﬁhat in this case the ‘
center-of—ﬁass kCOM) energy was only 4.1 MeV and the elastic channel anal?zing
power at the neafby deuteron energy of 11.5 MeV has a maximum value of less than
0.05 (Ref. 10). Another study was thatvof Rad et al.l; in a meésurément of the
polarization of the breakup neutrons at elab = 18° in tﬁé lH(d,K) and 2H(p,K)

reactions at ECM-= 14.3 MeV. The observed polarization in the n-p final-state



-3- . LBL-4091

“interaction region of the neutron spectra was found to be consistent with zero

. ] L D ‘ _ 1 L . - .
in the 2H(p,n) reaction and ® - 0.025 in the "H(d,n). Thus, the polarization

effects reported:in'thése Stgdies qf thé bfeakup reactibn.have been quite small.
It seems that exéefiﬁental evidence of more substantial effects, such as reported
hére, are required in order to encoﬁrage} or even compel, ﬁhe addition of the
ﬁensof force and'é;yave contribufiohs to fhree—body»calcuiatioﬁs.

The poia?iZéd prdton or deuteron beam from the Berkéley 88-Inch Cyclotron
was passed through.aEgas target in a'3é—in. diameter scaﬁtering chamber; A
description of.tﬁe éxperimental arrangement and of the data acquisition procedure
héé'beeh givén'éls¢Where.5 |

Our expériméhtal results for the proton analQZing péwer Ay(e) in the
2H(;,p)d* reactién_at Ep = 22.7 MeV are shqwn in Fig. 1, wﬁere'the errors

12,13 Here, d* denotes final-state np pairs

indicaFéd afe purély’statistiéal.
with rélative'energy Enp < 1 Mev, inlboth singlet and triplet states. For
comparison the Smooth curve represents the elastic sca#tering analyzing powers
measured in the $amé experiment.‘ As can be seéﬁ, Ay(e)%in'thé breakup reaction
reachés substanﬁial yalueé at'angles grea;er thanIGCM =i70°} and_its angulaf.
distribuﬁion isvéﬁifé similar to.thét of the elastic énal&éing power. vFigure 2
shows our experimental resulté for the Aeuteron'vector-anaining power in the
lH(g,p)d* reactiéh'at Ey ; 45.4 MeV,l'13 correspbnding'to the same COM energy

as in the 2ﬁ(§,p>d* reaction. Again the errors indicaﬁeé are purely statisﬁical
aﬁd thé éoiia line is a smooth curve arawn throﬁghlthe elaStic>scattering
results.s. Heré.élso the similarity between the inelastic.and elastic analyzing

powers is quite definite.

This similarity between the angular distribution of the analyzing powers

for the elastic and inelastic scattering is rather unexpected in view of the

results that were reported by Bruckman et al.l4 in the{analysis of their lH(d,pp)n
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cross section data at the slightly higher energy of Ed'= 52.3 MeV. In their
analysis they used the Watson FSI factorization assumption > to determine the
'separate contributions to the lH(d,d*)p cross section from the production of

singlet and triplet np pairs,

(do/a) 4, = (do/am s, + (ao/a)’, - D (1)

d*
They found that:betweeﬁ eCM = 85° and 150° the production of singleﬁ'pairs
exceeded that dfvﬁfiﬁletvpairs for Enp <1 Mév, with the.rétio ﬁ = (dO/QQ)Z*/
(dO/dQ)g* reaching‘é value of about 10 near GCM‘= 120°. Tﬁe angular dependencé
of (do/dﬂ)g* was Similar in éhape to that of the elastic cross section, and
their Born approximation calculation, in which the final-state np Qave function
used was effgctivelyvthat of a deuteron with binding eneréy éB = Q Qas in
excellent agfeemehthith (dO/dQ)s*. However, (do/dQ)Z*'wés quite different,
with the result that the combined singlet plus triplet;croés—section showed
little resemblance.to the elastic angular distributioh;_ Th¢ more recent eiact
three-body calculafions of'Kluge et al.,16 using spin-aépendentbseparable poten-

.tials for the relative S-state of the two nucledns, substantiate the earlier
findings of Bruckman et al. in the determination of the~sépérate singlet’and
triplet 4d* production cross sections. Fu;thermqre theix_célculated ratio
7%/ (%1% = (a0/am s,/ @o/am t,  for B = 0 is in good agreement with the
ratio R deduced by ﬁrﬁckman et al. from the analysis of their data. This ratio
was shown.to be_aé high as 20 in the backward angular region.

We can, in the samebway, expreSS our analyzing power results as the
incoherent sum of the singlet and triplet d* prbduction céntributions,

s t
d*+Ay

Y ' s t
_ (do/dQ)d* + (do/dQ)d*

s t
Ay (do/4anN) (dc/dQ)d*
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o ' to S o : SR
where A° and Ayla:e the analyzing powers for production of np pairs in the

lS0 and 351 sfatéé}ffeépectively,' If't;iplet d* produétiqn‘wgre the major
COntribution to_thé cross seétion, one could expect'thé.siﬁilarity between
fhe elastic_and ;nélaétic'vector analyzing éowers‘seen‘i#:figures 1 and 2.
However, it is_thé singlet ax prdduction'Whigh is the ﬁajor:contribution to.
the cross—section_iﬁ just . the backward angular_reéion'bf’haximum analyzing

power. In view Qf the fact that‘the ratio R is found to'be quite large over -

a cohsiderable region of backward angles, equation 2 there reduces to

1R

As As, implying that the angular distribution of the vector analyzing
power in the elastic channel is similar to that in the‘breakup channel with

- the np pair in the singlet state. This condition is Qﬁite unexpected,

especially in view of the marked dissimilarity between'(dc/dﬂ)z* and (do/dQ)E;
for d*‘production.: Although the exact three-body calculations very nicely

reproduce the singlet and triplet 4 production cross sections, there is an

obvious need to include the more realistic nucleon-nucleon tensor and P-wave

interactions in an_effort to explain the measurements of the analyzing power

results presented here.
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Figure Caption

Fig. 1. The proton analyzing power Ay(e) in the "H(p,p)d* reaction at
Ep = 22.7 MeV for the transition to the FSI fegionfﬁith relative energy
Enp‘< 1 MeV.  The smooth curve represents the elasﬁicASéattering énalyzing
powers measured in the same experiment.
. o , R TS S
Fig. 2. The deuteron analyzing power Ay(e)ln the "H(d,d*) H reaction at

Ed = 45.4 MeV for the transition to the FSI région}Wi@h relative‘energy'

Enp <'1 MeV. “The smooth curve represents the deutefon'elastic scattering

analyzing powers of Ref,‘5.
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