
l -I ~ El - 7559 

~ 9/. t t/ 
V.S.Nadejdin, N.I.Petrov, V.I.Satarov 

MEASUREMENT OF THE ASYMMETRY 

OF QUASI-ELASTIC SCATTERING 

OF POLARIZED 635 ± 12 MEV PROTONS 

BY 6Li NUCLEI 



·:'_,Nft· PUBLICATIONS 
tc~tions ·of the J~int Institute for 

' : .~onsidered to be original publica­
--:-- -?rdance with Article 4 of the JINR 
>'tints and communications consists 
-~ \be published in future in one of 
~- llections. 

deposited publications of 
last figures of the index). 
tter, denotes the language 

lis h. 
h are distributed only 
ter-index . 

. ~·-~---the _s!}bjec.Lcategory __ 

El · 7559 

V.S.Nadejdi.n,~_ N.l.?~~rov, V.I.Satarov. 
_ .. · .. 

.· ' 

.. . . '!, 

: · -MEASUREMENT OF THE ASYMMETRY'? ... ·:: 

OF QUASI-ELASTIC. SCA~ERING~· · . 

OF POLARIZED 635 ± 12 MEV PROTONS ·· 

BY 6~(NUCLEI 
: • \1.--4. 

'· 

J . 

... _ . 

Q·~"Lc.i;m.t,;:.:ilU~ en~ 
t;!l::pm •• u:: m:cneno:mm:'J 
. 6~i&Jl:4CITEKA 

·' ., 
.-

~ .... 
,,_:-,..• 
. -~ 
;;-;: 

,e. 
i!-'-' . 

!o 

""'~ *•"" 
-~~~~~~:; 



·T • 

·':;_ - ~ 

._ ... ;.._ 

.·. 

,..,. ., .. ·~ ~ 

: ....... 

,; ..... 

... ·~ 

. J .... ,, 

,. - . 

·,' -~ • :.-·4_.. 

.•. 
·--~::).· 

_,~- . :. 

. . 
-~---_---~-------~-------~~ ·~----~----'--~----- ------,-----~-- ---------'--

~.---------------------------~~------~-----------, 

.:_ ~~ 

Halle1KilHH B.C., neTpOB H.H.,_·CaTapoB B~l-1. El - 7559 

;H3MepeHHe BCHMMeTpHH KBB3Hynpyro'ro 'pacceRHHSI fi01IRpH30BBHHbiX: 
npoTolio~ _c aaepraeli 635:!::.12 MaB RnPBMH naTHH-6 

HaMepeHa BCHMMeTpHSI' KBB3Hynpyroro.faCC~SIHHSI nonSipH30EiaHHbiX npo­
'TOHOB c aaepraeil: 635:!::.12 MaB SlllPBMH . L1 . nnH HeCHMMeTpH'IHoil: KOMnna­
Hapaoil: reoMeTpnH, COOTBeTCTBYIOIUeil: yrny paCCeSIHHSI (J = 57° ~- CHCTeM~ 
UeHTpa MBCC fiB/lBIOIUero H .:gJlepHoro . ayKnOHOB •. 
. npH HMlly11bCBX OC.TBTO'lHOrO Slllpa; He paBHbiX Hymo, JI3MepeHHbie Benu-

'lHHbl acHMMeTpHH KBaaaynpyroro paccesHHH oTnn<iaJOTCH oT BenH'lHHbl · ·· 
acHMMeTpHH CBo6onaoro pp-pacceHHH_H. · 
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. Nadejdin v. s., Petrov· N: I., .satarov v~r. El ~ 7559 

Measurement of ·the Asy.mmetry_of Quasi-:Elastic 
Scattering of Polarized 635 ± 12 MeV Protons 

by Li 6 Nucled 
' . 

The asymmetry of quasi-elastic scattering of polari-
.. zed 635 '! 12 MeV protons scattered by Li6 nuclei has been' 

measured for the nonsymmetric complanar geometry cor­
responding to the scattering angle o = 570 (c .m. s.) of the 
incident and nuclear nucleons. . •· 

With residual nuclear -nonzero momenta .the measured 
·values of the asymmetry of quasi-elastic scattering diffe. 
from,;that of the free pp-~cattering asymmetry. . 
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I. Introduction 

The .method of the distorted wave imp~ise approx~~a­
tion. which' is a. oasis for theoretical interpretation of ·. 
direct .nuclear r.eactions at intermediate energies gives-~ ' 
only semi-quantitative description-of data· on the.di~feren;;; 
tial cross sections of quasi-elastic ·-proton scattering by· 
nuclear proton.s. /1,2/. /!'he insufficient kllowledge ·.qf the 
mec~anism of the ( p, 2 p r process does riot allow one to 
make the method more . accurate yet in. order to a_chieve 
good ·quantitative agreement of theoretfcal .. predictions 

:with experimental results. -Therefore, to obtain new ex­
perimental- 'iriformation ·sensitive to • the < p, 2p) reaction 

. mechanism is very important. . · . 
It is. considered that the study of . polarization' ef-: 

fects' .13• 4/ may give necessaryjriforniation- including­
.. data .on the spins of the excite:ct states. of residual nucleL . 

How-ever, these effects for the ( p,2p) reaction have . , 
not been, 'in fact, studied~ Only some papers * have been 
published descr:lbing: measuremenfs of quCl.si:..elastic scat-

·: tering of polarized protons for the nonsymmetric geometry 
~orresponding to the 'zero momentum 6! the residual 

. . ll\lclei. These --experiments: made it possible to' find out''' 
that within . e~rors. the measured asymmetry 'vaiues .· . 
close to with; the corresponding 'value .of free_ PP -scat-
tering~ .: · . - ·.-, __ 

---*-~~~~-e~;~,-;~i.-/5/ ____ _ 
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In. order to continue the series of studies 151 at the 
· e~<:l of1972 tile authors of tlie present paper began measu-:­
ring the . dependenc_e of the asymmetry quasi-elastic · 
polarized proton. scattering by light nuclel. upon. the 
momentum . of residual nuclei for the complanar' non-
symmetric experimental geometry. . 

Below are described preliminary data for 6 Li nuclei 
obtained in the first series of runs. 

II .. Experimental Conditions 
:. .. · 

The asymmetry was measured. by using the coinci.,;' 
dence ~conjugated~ telescopes which detected both·· the 
prc;:>tons. Each telescope c.onsisted of. four scintillation 
counters. The first· thre13 ·counters .were.· switched in 
coincidence and_ the fourth. one , was switched in-:anti­
coincidence. The energy range of detected· protons was 
chosen , by _means of copper moderators· placed between 
the ~~cond and the third,scintillation counters. as well as 
between the third and'the fourth'·ones of each·telescopesi· 
The angles at . which .. the . telescopes·. were placed·. were. 
taken· so tha:t the momentum transferred to the -residual 
nucleus was parallel or antiparallel to the polarized beam 
d~rection._ The _scattering angle in~·.c~:m.s·~- of the incident; 
a~d ' - tra yelling nuclear protons was 57° ln- all· cas_es~ ; . ' 

The target was 2.0 g/cm ?. thick and~ contained·. 90% 
of 6 

Li isotopes: -The full 6_a5 ± 12 MeV; polarize~ prot()n: 
beam incident ori the target\vas 5.10 6 particles/sec: The 
protonpolari_zation of the beam was-42.5%. The beam was 
polarized by scattering the int_ernai beain on i· Be· targ-et 
to the left! - · · ... ; · i 

Due to- th~ large _ energy spr~ad·: of protoni--.i.ri the 
incident beam it was impossible to separate · the grounq 

• . . . . . 5 ... ···- .. 
·. and the excited ( E s = 18 MeV} states of the . He residual· 
nucleus. But in our series of ~uns the contribution. of 
incident proton scattering by nucleons of the s -shell 
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of the 6 
Li . nucleus was reduced by a ·selection :of mode-

rators. · · · · · -
The. apparatus r.esoltition on the residual nuclear -mo­

mentum was on average Pr =·_± ~0 MeV /c. 

III. Experimental Results 

For each momentum value of the residual nucleus the 
asymmetry was . determined by means of the measured 
reaction yields for the· ''left-hand" and "right-hand" 
positions of conjugated telescopes. Ill order-to check the 
apparatus for the false asymmetry the .asymmetry of 
polarized proton scattering by hydrogen was measured 
at an _angle of 90 o in the centre-of-mass system. The 
asymmetry in this case was f~mnd to be a(90°) =~0.018± 
± 0.015, i.e. close to zero. >" 

The random coincidence background between the te:.. 
lescope did not exceed 5% and 20% from the coincidence 
counts for the telescope positions· corresponding to the· 
direction of the r~sidual nu(!leus ·momenta_ along the beam 
and_ againsi ·it .. The measured asymmetry dep(mdence is 
sho\vn in ·fig!_.l.· The . absciss is the projection of the 
momentum P r . of-- residual ·nuclei. The. ordinate is. the 

. measured asymmetry in 'per cent. ':The triangle_ in this 
. figure is the measureci' asynimetry_._for.free pp ..,scatter- . 
·_ ing withthe.sanie scattering angle in c.m,s~· . 

. As is seen ftoin Fig. ·1, with the z~r·o mmpentum of 
the residual :nucleus the measured asymmetry remains 

. the same as. in ref. /51 and it coincides within errors 
·with the ·~e_asured asymmetry for_free PP -scatterinv 
But wit_l_l tl1e momentum deviation by ± 50 MeV I c from 
zero the asymmetry varies greatly~ _ It increases with 

. positive momentum projections and decreases .with nega-
tive ones. The observed asymmetry dependence upon the 
residual nuclear momentum ·is difficult to explain by 
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6-:-eiastic pp-scattering 

100 50 0 50 100 . 150 P, (Me'fc) 

Fig.1. Th~ asym~e~ry of q.ua_si~ ~ldstic scattering . 
of-polarized 'P:.otons on }he 6u-~_n.ucteu_s, 
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mea,surement ~rrors<since. for . positive 'and negative' 
. projections ofthe m_omentu,m the deviations from as,ym­

metry for the zero momentum:· e>f the residual nucleus 
·are .cif ~systematic nature. For posiUve-projectiqns all the .. 

.. '·measured asymmetry values are larger,and :f6r :n~gative 
projections ·are smaller than those fortlie zero momentum .. ' 

. '-It is. evident' that with a more accurate resolution on: the 
residual ntlcleai." ~momentum we·. cmild . observe a still . · .. 

' greater change of. asymmetry values in the momentum 
range from zero:to· 50 MeV/c. . . .. · 
~ · ·Thus;''the experiment made it pos'sible to·:establish 
that the asymmetry of quasi.;;elastic. 'scattering··ofpoia­
rized protons by 6 Li · nuclei' with. the· nonzero ·re'sidual 
~imclear momenta differs. essentially .. from., that of. free 
--pp .:.sca:tterihg. This difference demori.strates the e'ffe~t· 
of nuclear structure upon the quasi- elastic proton scat~ 
tering ·by nuCl~·i. ThiEi· lneans that when studying po'!ari.;; 
zation ·effects it is -possible to' obtain hew experimental 
information on the mechanism of. direct nuclear reactions. 

·· in particular, it follows fron{the obtained results that 
the . polar _diagram. is. not applicable' for des'cribing · .. the 
quasi:- elastic proton scattering by nuclei eveninthe region 

. of lo\v momenta' traftsferred:to the' residual !nucleus .. 
. · ·: ·Recently Dr. Th.Maris proposed at· the Vth Inte~na~ 

· tiohal Conference.onHigh Energy Physic~ held in Uppsala .. 
(1973)t6' perform an experiment on quasi-elastic scattering 
·of polarizedprotons inthe.asyirtmetric geom~try inorder·· 
to . establish the character ·~o:f. spin:orbitai coupling of: . 
nuclear nuCleons~ He mdlcated il}.his report that~ if the 

.. momenta of the residual. nuclims ·were· fixed 'in the plane 
of quasi- elasti~. scattering, thi:m due to the combined effect 
of the spin-orbital coupling and the riuClea:r' absorption 
a situation: arises identical 'to the- appearance of the effec-.. ~.~• _., ," " . .. . ' --- •. '• . . .... 

tive nucleon polarization of ;the nucleus-target in the-
direction ·perpe-ndicular to.:the scattering ·plane. This. 
effective polarization--of the· target results in the appea- . 
renee of the a:ct'diti()nal; asymmetry; which·.causes the dif~ 
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fereri.ce of the measured asymmetry ·values from that 
for free pp -scattering with nonzero momentum of the 
residual nucleus. 

· In ·our case the ·additional asymmetry arises due to the 
effective Pa;2 proton polarization of the 6

Li nucleus. · 
. · The general pattern of the asymmetry dependence upon 

. the momentum projection of the residual nucleus measured 
. in our experiment is in . agreement with the. evaluations 
of the ~erential cross section's of quasi-elastic scatter­
ing of. the. totally polar_izedt~l5 MeV protons by protons 
of tlie P 3/2 shell of the o nucleus which have been 
given in Dr. Th.Maris's talk. 

The· experiment is till under way. · 
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