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Abstract:
The polarization of protons elastically scattered from deuterium has

been measured at four energies between 10 and 20 MeV incident proton energy..

' The asymmetry is seen to become negative'for_large"anglésfatfl9.l MeV and for

small angles at 11.0 and.13.2 MeV.
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. Recenﬁ ﬁeasuréments of protoﬁ polarization'in elaéﬁic pyoton-deuteron
scéttering &t incident particle eneréiés of 22 MeVl), 30 Mevz), Lo MeVi), and .
50 Mth>, have provided angular distributions fpr the scattered particles, each
characterized by a éonsiderable negative polarization in the region of the

‘. minimum of the elaétic scéﬁteriné croSs-section.. Lover energ§ data oh the -
- other hand, from thg\Wisconsins),and Washington6) laboratoriés iﬁ the range
1 to 10 MeV, exhibit positive polafization at.q}l angles; aﬁd show double
peaking'of the ahguiar distr;bution aboﬁt a Shgilow minimum._ |
. o The purpose of the'preSent-WOrk was to ihvestigate the intermediate
region between these two sets of resultg, and to examine in some detail the
béhaﬁior of the polarization at large angles és a function of energy.
bProtons ﬁith a polarization in;ﬁhe region of 100% are produced as recoil -
protonsvfrom the bombardment of liquid-nitrogen-cooléd hydrogen by the a-particle
beam of the 88" cyclotrbn at Berkeley. Polarized protons of energies up fb 65

MeV are readily available; but the present experiment was performed at energies

; o . A )
\{ This work was performed under the auspices of the U. S. Atomic Energy Commission

+ v -
On leave from the University of Birmingham, England



S o-2- - UCRL-1T320

of 11.0 MeV?'15.2 MeV, 15.7 M2V, ang 19.1 MeV. At each'enérgy the pfotoné ﬁere
scattered from a gaseocus deuterium taréet held at a preséure of one anﬁ a half ..
atmospheres, and the observed asymmetriesvin the angular distribﬁtion of scattered o
particles enabled t_he polarizations due to the scattering process itself to be ’
calculated. The polarizationvof the incident beanm couid bélconsidered unity in
all cases.

Throughout thé experiment eight detecﬁors consisting of.CéI crystals
mouhted on Dumont 6363 phofomultiplief tubes were available to recopd»simultane—
ousl& asymhetries at four sca£tering aﬁgles...Forlthe lowest energy coﬁsidered
‘ (il.O.MeV), however, only the four forward counters were used because of the
limited angular rénge_ovér which‘particles cén:reach thevdetectors. Pulses from.
the deﬁectors were routed to éeparaté quadrants of two 4OO-channel pulse height
analyzeré, and frdm these final spectra were obta;ned. Sample spectré'obtained at 15.7
MeV :.incident rroton enefgy;and at an éngle of 20‘degrees are éhown in fig. l;
It will be seen that the proton peak is clearly resolved from that dué to recoil
deuterons. At sevgral of the énergies cbﬁsidered,'the recoil deuterons enéble |
asymmetries of the associated backward protoné to bé deduced, thus providing
consistency checks‘on some exberimental data at backward éngles. Such points
are shown on the data as open triangles. A spin précession solenoid was used
to rotate proton spins thréugh 180 degrees at each of the energies mentiohed.

The uncertainties in the measurements taken are seldom greater than a

few per ceﬁt, after consideration of both background and staﬁistics. Background ¢
;n aii cases was reduced to a minimum, and at backward angles crystals as thin '—;)
as 0.005 inéh were made for this pufpose. These ﬁhin crystals efficiently ’
feduced the bvackground fro@ gammé conversion and were thick enough to stop low ' .

energy protons at those angles for which they were designed. .
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The results obtained are shown in figé. 2 and 5. 1In each case the asym-

metry in the second scattering is plotted as a function of center of mass angle.

Q

An interesting feature of the data is that the polerization becomes nega-
tive at backward angles in the viciﬁity of 19 MeV incident proton energy. The
position of the observed minimum in the asymmetry distributidn is_near llOf,center
of mass. ‘(See fig. 5) Indegd between 11.0 MeV and 19.1 MeV a marked change occurs
in the shape of ?hevangular distribution, for which the authors_ha?e no quantité-
tive explanation. It should be noted,'however, that the value of the minimum in

the p-d elastic scattering cross section drops by an order of magnitude in this

.energy range7),‘and that this minimum occurs at a similar center of mass angle to

that of the minimum in the asyﬁmetry distribution. The expected % dependence of

the'differential cross section would have produced a decrease of only a factor

‘of two.

A. De—Shalit8) has recently suggested that minima in the elastic scattering

cross section are closely related to the zeros of the complex scattering amplitude

. £(z), and that the nearer these zeros lie to the real axis, the deeper are the

observed minima, and the more pronounced will become the variation in the polariza-
tion in this angular region. The present results appear to be in agreement with

this qualitative picture.

In fig. 2 it will be seen that the asymmetry at 11.0 MeV becomes negative

. at sma2ll angles, a result whiéh is also suggested by the 13.2 MeV data of fig. 3.

The former values were. chnecked by interchanging counters and phototubes from one

side of the beam to the other. The effect,'however, remained unchanged despite
this manipulation, so it seems unlikely to be instrumental in origin, and there-

fore recuires some explanation.
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9)

" It has been suggested in the past by Cassells and others that extreme
changes in polarization can occur in the region of interference between Coulomd
and nuclear scattering amplitudes, and such a region in this case would lie ’ ‘

“between 15° and 30° center of mass. As the counters placed at 20° and 340° in

the laboratory for the 11.1 MeV éxperiment accept particlesoner an angular range

~

of #3°, it is possible for them to see a portion of the interference region. At
higher energies of course,'the interférence region moves to smaller angles and
chances of observing it with our apparatus become less with increasing energy.

There already exists some scant evidencé of a Couiomb—nucleaf inter-
ference minimum at 9.7 Mev incident energy in p-d elaétic écatteringlo), and it
may be thgp this: fact suggeéts a solutionAto fhe'présent‘anﬁmaly. Clearly, there
is neéd for both elasticescattering and polarizatién data atvsmall anéles, and it
is hoped to ,obtainl the latter at Berkeley in tThe near future.

From the results of the present experiment it is clear that the deuteron
tensor -polarizations obtaihed oy Young and Ivanovichll)lcannot predict the observed
11.0 MeV distributién of asymﬁetry, nor is. it reasonable to assume zerolvector
polarization at this enérgy.

In the absence of a complete basic theory of the three-nucleon system, and

-in the knowledge that the iﬁpulse approximatibn can'haVé no applicability to this
‘energy regionle), the above results are presented as usgful data with which to

test the predictions of present and future models of the nucleon deuteron inter-

action in this energy range.
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Figure Captions

Fig. 1. Typlcal spectra obtained with the two forward counters at 20° and 340°
(Leb.) respectively are shown. The proton pesk is clearly resolved from
that due to recoiling deuterons. The ordinate relates to the number of
counts and the abscissa to the channel number.

Fige. 2 to 5. Asymmetries in the angular distribution of polarized protons
scattered f’rozﬁ deuterium at 11.0, 13.2, 15.7, and 19.1 MeV are shown.
The pdlarization is séen to go negative at large angles in the 19.1 MeV

distribution.
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