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. .....•• 'Abst~act: . Measurements of the polarization in p-d scattering at 11.6 MeV show' 
:', o· .. 

'. a minimum in the :asymmetry distribution at 29 .centre of mass; This 
.. 

observation seems to be consis.tent with spin orbit effects in the p-d 

interaction at this energy . 
. ' ' 

•. 1 

.;: '.' 

. Recent data from this laboratoryl)on the polarization of protons 

elastically scattered from deuterium iri the energy range from 11. 0 to 19.1 MeV, 

-,'.' I 

. 'indicatedthe development of a negative polarization close to the knoi'm minimum " 
\ 

in the elastic scattering cross section at ~20o in the centre of mass. 

A negative polarization was also observed at the lowest angles investi- : 

" . gated in the data obtained at 11. 0 and 13.2 MeV, in contrast to Wisconsin 

. measurements2 ) in the same energy interval .• 

The present experiment wa$ carried out. as an investigation into the 

". ; small angle behaviour of the polarization, and results are shownin fig. ,1. 

Figure l(a)showsprevious'datafrom this laboratoryat'll.O MeV, fig. l(b)." 

shows the pr~sEmt data. obtained at 11.6 MeV,while fig. l( c) shows 'the 

. ",. :;;.,,,"" p~evious results for "an energy of 13.2. MeV. 
, .. -", , 
. '. ,~ . , , 

. , t This ",ork performed under the auspices of the U •. ,S'·. Atomic' ·Energy Commission •. (. 
1".", i' ~ 

, . :J:, On study leave from the Univers'ity of Birmingham, England. 
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The' context of th~ , small' angle point's in fig.' l(b ):i:s such as . to 

• ,indicate a lllinim~ ih theobserv'ed asymmetry distribution at around 290 centre' 

of mass angle, ' for this energy. 'Thesedata interpolate well between'the results' 

',:' sliowninr'igs. l(a) ahd'l(c). ,Compa,rison with the earlier results indicates 

" 'that the minirin.un mQvesforward ivith increasing energy. 

The present experiment was carr.ied ou.tusing the polarized beam 

, fadli t.y of the 88" variabl~ energy cyclotron la t Berkeley, ~'hich provides 
.-' ... 

, , 

p:!:'otons of approximately 100% polarization. 

For measurement of the' asymmetry distribution in p-d scattering at' :'; ." '. 
, , 

"",c, ;, large angles (greater than 22 0 ~ab.), the equipment used was similar to that ,<: 

" :.. : .• :. 

,~ " 1) , 
alrea.dy described. 

" 

The target' pressure was three. atmospheres absolute, and I>ulses from, 
, J'",o .- ,., 

~ all telescopes ~lere' routed to, qua'drants of a Nuclear Data 4096-channel pulse 
,,:j' 

, ,'" 

•• ,.0 

,:,' 'h~ight analyser., At forward angles extended counter, arms were used to support, 

" :' small geometry'coll:imatorsand additional tl.E counters of' 0.004-in •. CsI(Tl)." 

.J;, •. 

; , 

" 

'ThecoincidEmce re'quirement:betwe~n ,pulses from E and b.E counters produced very':'. ' ' 
• '",' .1" 

'.,;clean spectra.' 
• : ... "j.,. 

The E counters were 0.030-in. thick forsinall angle work, and ",,,.:,, 

"'the col1im,ation system defined an angular acceptance or" 8LAB ~ 10
• A spin 

:precession magnetwasu.sed to ,reverse the spin'of the incident proton beam at 
-' '., " 

. .-. '" , 
.1 .C., / . 

vlas found to be entirely 'negligible. • 
~', '., 

,.The study of p~d' interactions is, experimentally the simple,st of the 
.,.-. ' 

" . ',-: : .. ~~ 
nuclear three body systems,. None.the less, there' is as yet no ad~quate theory, 

, , .. ~. ' 

, ' 

.~',1;. to descYIbe theinteraction~ 'involved, and no' predictions of p-d polarizations' 
',' 

" ..•. " 

are presently available below 40 MeV. In the n-d case, however, the theoretical 

- ;''',1' 

"-" 

. -~' 

",. 
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\Vork of PurringtonJ ) including tensor forces's~ggel3ts .~ negative polarization 

· for angles for1vard of 45?centre of mass, at J O. O-MeV'neutro~ energy.Tne 
.-

" " ~', 

inclusiOn ofCoulorilb and spin orbit effects in the p-d case might "Tell add 

" . . an oscillatory behaviour to the present form of this distribution. ,An inter-

:. ", 

',:'.'- ; 

(, " 

esting observation can be made fromanex8.mination of small angle p-delastic 

scattering data in the energy range, from 9.7 to IJ.9 MeV4,5,6), and near the 

, minimum seen in fig. 1. ROdberg7) has pointed out that there may be arelation 

behleen the zeros of polarization and the maxima and minima. in cross-section 

· data.' Rehas discussed observedpola;rization in terms of the optical model, 

and found that a spin orbit interaction when introdu,ced as a, small additional 

part ~o the real central p6tentia,1; can 'reasonably, predict observed asymmetries 

,;,hen these are mainly due .to such an interaction. 

The present results have, been examined from this,point of view, and 

data on elastic scattering an~ polarization a't 900 centre of mass are used to 

predict a value for the depth of the spin orbit potential (V
so

) using an 

interaction radius of 1.56 fm. and a value of -43 Mey8) 1'<;>1' the real part, of ' 

the central inter~ction (V). 
, c, 

,', , 

" . 
il,' 

. , 

". ',' 

. ""j' 

····f .':.: The value obtained for V .... is 1. 0 MeV for an incide\lt nucleon energy· .. , 
so! . .' . 

. :' ... · 01"11. 6-MeV. . When this value is furthel' used to predict the polarization in 
~ '. .,' 

•. p-d'scatteringat 300 centre of mass,' a'result ~ of '0.014' is obtained,' in 

, ·.,.reasonable agreement' with our observed results •. The position of the t,oJ'o zeros 

\ ' 

in polarization at small angles is also well reproduced from a study of the 
. . 

.... shape' of the elastic scattering. cross section in this angular region. Our 

'c" ~ .. ,:, . results are. thus consistent with spin orbit effects in the p-d interaction. 

- .. ') 

.. ~.' : "." \ 

.; ~ ;, .... .-
. \\ 

. .,' .~.- , ' 

. ". , ' . 

:'':;'.: 

"-. - t 

.,: 

" 

:j 

.... ,. ," 
'j, 

' .. '. ;' 

.... ,.; 

, . 



.. '1 •. '. 

, \ 

4 / ...• , 

.•.•.. , 

'" .... )'" 
~' , 

:,,: 

" '. 

, ~. -.-t: (. 

. . . '.:' •. '''["''~.~ -~:~ t: 
~ "f", . ~ • 

." ~ 
.~ 

U~Rt-17755 ',' 
..... 

"'-" . ~, 
''\.-1. 

PhYs. ' ... ~ '_~'. ~ - t ' 

';f;~;.;,::,:.2;"!.;",·,'; . ' 
::. 

Purripgtqn;' Ph.l).:The~:l.s, Texas 'A and ·M.~: U:niye,rsity, (1966) 
,":' 

",;; . ~ 

~(He learned of this,wo'rk 'thrtnigh 'a"'private 'communication, ,from 
¥" •• ~ " ' • ~.," .' • ., • ~ , . ' • 

': ~; . 

',' 
~ , i 

J .,D~:Seagrave; for:which we are grateful.) 
~" .... ' ~. ',' , 

: .;. .... ,,'{ , 

,J .C .. Allred,::A.<H.:Armstro,ng,R.',O.Bonde1id andL~ Rosen,'Phys'~ Rev. 
• ~ , • ...., ,: ., '. J ': _ ' ••• " ..' ,. ~ -. : :; ':~ 

" 88 ~(1952J4 33":' 
'-,-.'-:' .... ; .,." . < ••• ' ...... .,' ...... 

, 1/".' , , ····f 
,~, 

L , Hay~Shi/~~NiSimu.r·~·and K.. 
.' .'" 

s. Kikuchi, . J~SanELd~; . S. "Suwa; 
',' 

".' i-
" . ''', .' .,:." 

' ...... 

H~:van'O~I's ~ndK. W ~Brockman,Jr." 'NuCl<'PhyS" 21 (1960 ).~89 

L.S.Rodberg; . ;;~ . .~ .. 
'.',' 

.. :: .. t'),' 

· ... F. 
... ' 
: ~ ~'. 

Bj C)rk1Undand S. Fernbach, Phys. 
.., . . . ' .. 

.,., 

\. 

:.~,' . . ':. , .. ' 

. I 
'/./' ~" .. ;.1'. 1 

" :- '.' .:,'" 
'J' ::.. 

.. ~ ... ·i 
.• :~ ,. 

: ~', 
• .~ 1-' " , ' 

':'. 
:~ ~.- .. :~: 

\;' 

"':.,' . .' . "j' 
., 

.. ',. 
:.' 

," l' ' 
; ~ . 

' .. ~; .. , 
; .. , 

;:f 
" 

," 

'J'.,': 

~ , .f 

. ~::~ .' ..•• : ~~.t< of " 

"<I": \ ,'."1., 

:;. ~:: ;,~,:, .. ,:'; /~:;:di'~',"li'" 
•..•. .,;.,J ....... _.' 
, {. ~" ' >.<:~.!",. .. ,~~: .. . 

.' , " 

l': 

'. 

. . 
: .. 

'.' ': ,", 
"" 

. ~ . 
..... ' < .:: 

, . ";""'~ 

':; 
\1 

.( . 
,. '. ~ 

.... ,. .... 
...... ,. 

'. :.', 

'\", , ' 

"'; 

" 
~ '>:. 

! .' " ..... 
. 1.,." 

.,' , 
• ..... \ot·' • 

~ ; "':'0<:.;' .. 
.'t·· \ .•. 

" .' '.; 
~, ;, 

. ~ " . 

! .•• ~ 

.. ;i 

,. 

" ~ . ' 

., I ,~', 

', .. \ 

,t'. 

. , ~;:;", 

'.,. 

L. , 

" 

"-' ... 

'. ~, . 

:'-. 
" 
',1 "'. 

, . 

',.'1 

I ., 



" 

, . 

, 'I; 

.,": UCItL-17755 

'" '. 

.',' 

,",': 

'Figure " ~~.: , ; 

;." 

S~10\VS, data'obtained 'at' three~ energies: ·11: o,"ii~ 6 a~d MeV :'or . .... . 
..:... ... . 

~. I • , , 

',·t118 asy!:~ietry( €} in p":d' scatt~ring~ 'Parts lea) ~d,i(~) 'are prev::'ous 
.'1, 

con~ 

tainec. in ref. 1) The ope:'\ Part l(b) is, the data from this experiment. 

obta:inedus'ing the small' angle cOllimat'ion and' coincic.,:,,:'.ce system, 

. : .. 
''':." 

,{hile all other data are obtained by the methoc.s of ref. 1) . Error shown 

are statistical. The dashed lines indicate compa:rable pOSitions for a zero 

in polarization' at each energy'. 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com
mISSIon, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 




