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MEASUREMENTS

OF THE LEFT-RIGHT ASYMMETRY
OF QUASI-ELASTIC 635 MeV
POLARIZED PROTON SCATTERING
oN OpLi, 12¢ AND 190 NUCLEI
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liaMepeHHe NeBO-NpaBoil acCHMMeTpHH KBa3HYNpyroro

paccesHAS TONAPH3OBAHHBIX NMPOTOHOB C aHepruen 635 MsB

snpamu SLi, 12C m 160
C uenbio MCCllenobaHus 3BHCHMOCTH ACHMMETDHH KBa3WYMpyroro pacce-
dHHS OT MMIYJbCa OCTATOYHOI'O sApa MpoBedeHbl H3MepeHHds nepo-npapo#
ACHMMETPHH KBA3HYNPYTOrO pacCesHHs MONApPH30BaHHBEIX OpOTOHOB C 3Hepraed
635 MaB nporoHamm s - H p —obonovek Anep sLi, 12C u 160 ., dkcnepumeHT
BBINOJHSICS C NMOMOHBIO ABYX Cr . sK@HHBIX TeJeCkoNoB H3 CHHHTHIAIAOHHDBIX
C98T9UKOB, PerHECTPHPYIOMEX B ONpefejleHHOM HHTepBalle SHeprui o6a nMporo=
Ha, BO3HHEKAOUIHE B (p,2p) peaxumn. Habmonena 3aBHCHMOCTB nepo-npaBoit
ACHMMeTpHH KBA3HYNpPYTOro paccesHHs MOMADHIOBAHHDBIX NpOTOHOB OT HMIYJb-—
ca ocrarouynoro sapa. I[lokasaHo, 4YTO 3Ta 3aBHCHMOCTH ofycnopiieHa ABYMS
NpUYUHAMH: 38BHCHMOCTBIO ACHMMETDHH OT SHEeprHH OTHOCHTE/ILHOrO NBHXEHHS
Nagalomlero W SAnepHOro HYKJIOHOB H BIHAHHEM atdeK THBHON NONApDH3AlKH HYK—
notos p —oBomouxu smep '2C m 160. '

Pa6ora BbmonHeHa B JlaGopaTOpHH SOeDHLIX npotnem OUAW.
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Measurements of the Left-Right Asymmetry
of Quasi-Elastic 635 MeV Polarized Proton
Scattering on !Li, '’C  and 160 Nuclei

The dependence has been observed of the left-right
asymmetry of quasi-elastic 635+15 MeV polarized proton
scattering by 16y4,, 12¢ and 0 upon the momentum projec-
tion of residual nuclei.

This dependence has been shown to be due to two
reasons: a) asymmetry dependence upon the relative motion
energy of incident and nuclear nucleons, b) the effective
polarization of the protons of '2C and '°0 p-shells.

The investigation has been performed at the
Laboratory of Nuclear Problems, JINR.
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.The asymmetry has been measured with two
coincidence scintillation counter telescopes
detecting both the protons from the (p, 2p) -
?eaction in the given energy range. Scatter-
ing geometry was chosen taking into account
proton separation energy E, from the nucleus
so that the momentum q transferred to the
residual nucleus should be equal to zero or
directed along or against the proton beam.
The values of the q, momentum projection of
the residual nucleus to the proton beam di-
rection and scattering angles 6., c.m.s.
of the incident and nuclear nucleons are
p?esented in the Tables. The thickness of
lithium, carbon (graphite) and oxygen (water)
targets are 2.0, 6.8 and 4.0 g/cm 2 , respec-
tively. Polarized protons have energy of
635+15 MeV. Proton polarization is positive
and amounts to 42.5%. For the !’C nucleus
with q, = +80 and +160 MeV/c in the geometry
corresponding to polarized proton scattering
on nucleons of the p-shell (s -shell) contri-
bution from scattering on nucleons of the
8 -shell (p -shell) is about one third of the
total count.

When(Preliminary data had been obtained’/!
for the "Li nucleus a theoretical study
appeared “¥ where on the basis of the calcu-
lations of the cross sections of polarized



quasi-elastic proton scattering by protons of Table II
the p-shell of the !°0 nucleus it has been 12¢c
shown that due to the common effect of spin-
orbital binding of nuclear nucleons and nuclear

absorption the quasi-elastic scattering e (%)
occurs as on a polarized target. This effec- ® Oem 0, (MeV/o) s -shell
tive polarization has opposite signs for the é):Shell E :iseM v
positive and negative values of q, and depends . _ b=15 MeV b= €
upon the scattering angle. Since the °Li nuc- :
leus is not a proper target to observe 0 - 16.8+1.2
effective polarization, the basic asymmetry -
measurements of the (p,2p)-reaction were made 80 17.8+0.9 18.2+1.3
for the !2C nucleus. The nucleons of the . -80 15.5+0.8 11.5+1.5
P -shell of this nucleus are mainly in the 57 -
p3/2 state. 160 - 18.6+1.9
Tables I, II, III present the data of -160 - 9.5+2.5
asymmetry measurements for Li and C nuclei
Table I
2 Table III
6Li 12C
e (%) e (%)
q (MeV/c)
0_ q, MeV/c) 5 -shell s ~shell 2 Om =46° Oem=75°
E,= 5 MeV Ep= 21.5MeVv
' p -shell s-shell: p-shell  s-shell
o - 18.5+1.4
570 80 20.9+1.5 22.8%71.7 80 19.7+1.0 20.6+1.5 13.9+41.4 11.9+1.5
" =80 13.7%1.3 11.7%2.0
-80 19.4+1.1 13.4+1.1 6.7+1.3 4.9+1.6
80 24.8+2.0 - - -
46° ~80 16.8+2.1 - )

The Tables present statistical errors of
measurements. As is seen from the Tables,
there is as obvious asymmetry dependence upon
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q, for both nuclei. The data in the Figure
for the s-shell of the '?C nucleus at 6=57°
given for the total beam polarization are
shown with respect to the energy of the rela-
tive motion of the colliding protons. The
same Figure shows polarization data available
in the literature arising in elastic unpola-
rized proton scatterlng on unpolarlzed pro-
tons at an angle 0., = 60°.
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Figure. Asymmetry a versus energy with respect

to proton motion with 6__ = 57° for the to-
tally polarized proton beam.

The Figure shows that both the dependenc-
es have a similar character and are close
to each other. Since the effective polariza-
tions for nucleons of the s-shell are equal
to zero, 1t can be concluded that the asym-
metry of the quasi-elastic scattering of
polarized protons by protons of the s-shell
depends upon the energy of the relative
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motion of colliding nucleons approximately
in the same way as for elastic pp ~scatter-
ing.

From Tables I and II it follows that in
scattering on the nucleons of the p-shell
of the '2C  nucleus at 6., = 57° and 46° the
differences of the measured asymmetries

A= el(q_ =80 MeV/c) ~elq,=-80 MeV/c)

are considerably smaller than similar diffe-
rences for the !?’C s-shell and for 6Li
s - and p-shells This distinction A can be
due to the effective polarization of the
protons of !?C p-shell which should lead to
the decrease of asymmetry for q, = 80 MeV/c
and to the increase of asymmetry for q, =
= -80 MeV/c compared to the proper values
of s-shell protons. In order to explain the
observed decrease of the difference A at
0 = 57° it is sufficient to assume that
the effective polarization of the !'’C nuclear
P -shell protons is 15-20%. According to
calculations /' such effective polarization
on carbon can be qu1te observable. The effec-
tive polarization of °Li nuclear p-shell
protons should be considerably smaller, since
the structure of this nucleus is mainly deter-
mined by the LS -coupling and the effect of
nuclear absorPtion in it is considerably weaker
than for the '?2C nucleus.

According to theory /% with increasing
the scattering angle in the interval up to
90° the absolute value of the effective po-
larization is reduced down to zero. There-
fore, in passing from the angle 6 _,= 46° to

cm

*This distinction has been first mentioned
in ref.



Ocm = 57° and 75° a smaller distinction A
should be observed for the nucleons of the
p - and s -shell. It is seen from Tables II
and IIT that for the !'2C nucleus just this
g%cture takes place. Consequently, for the

C nucleus the effective polarization of
P -shell nucleons at 6 = 46° and 57° differs
considerably from zero. Fut for p-shell
nucleons of the °Li nucleus the effective po-
larization is close to zero for both the
values of the scattering angle.

Table IV presents the data obtained for

the 10 nucleus at 0__ = 46°.
Table IV
160
e (%)
0 q,MeV/c) ;H/Q—sub—shell pwq-sub-shell

Ey, = 12.4 MeV Ep, = 19 MeV

100 22.3+1.7 18.3+1.8

46 -100 6.342.0 15.252.3

In view of their asymmetry dependence upon
the total momentum of motion quantity of
nuclear nucleons they agree well with the
data for thel®c nucleus. Since the effective
polarizations for nuclear nucleons in the
P32~ andp,/, states are opposite in sign,
the asymmetry difference

A= e(qz = 100 MeV/c)- e(q, =-100 Mey/c)

is smaller when the basic contribution to
scattering is made by nucleons of the pj/,
sub-shell than in the case when the basic
contribution to scattering is made by the
nucleons of the py/» -subshell. The probabi-
lity that the distinction A for nucleons

of the'®c p - and s-shells at 0.,= 57° and
46° and the distinction A for the 190 Py -
and pj3/, -subshell nucleons is due to rahdon
deviations smaller than 10™%. The data of
Table IV are in agreement with recently
published results /8 of the measurements of
the cross sections of quasi-elastic scatter-
ing of 200 MeV polarized protons by the l6¢g
p -shell nucleons.

Thus, the whole amount of experimental
data obtained makes it possible to conclude
that observed in the experiment the depen-
dence of the right-left asymmetry of quasi-
elastic polarized proton scattering upon the
momentum of the residual nucleus is due to
two reasons:

a) asymmetry dependence upon energy of the
relative motion of colliding nucleons,which
is an analog of the proper dependence for
free pp-scattering,

b) and effective proton polarization of
12¢ and %0 p~shells.
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