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_.zed 635% 12 MeV protons scattered by Li® nuclei has been"

_ incident and nuclear nucleons.

1 values of the asymmetry of quasi-elastic scatterlng diffex
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Measurement of the Asymmetry of Quasi-~Elastic
Scatterlng of Polarized 635 *+12 MeV, Protons
by Li 6 Nuc1e1 _

The asymmetry of qua51—e1ast1c scattering of polarl—

measured for the nonsymmetric complanar.geometry cor- 2
respondlng to the scattering angle 9= 57° (c m.s.) of the

With residual nuclear nonzero momenta the measured

from:that of the free PP scatterlng asymmetry.
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L1, Introduction .

-

The .method of the dlstorted wave 1mpulse approx1ma- :
tion which is a. basis for theoretical interpretation of .
direct . nuclear reactlons at intermediate energles gives..
only sem1-quant1tat1ve descr1pt10n of data on the: d1fferen-

tial cross sections of _quasi-elastic: proton scattermg by"

nuclear protons - The insufficient knowledge ‘of the
mechanism of- the (p,2p) process -does not-allow one to-

" make. the method more- accurate yet in order to achieve

good quant1tat1ve agreement of theoretlcal pred1ct10ns
~with exper1menta1 results. Therefore, to obtain new ex- -
perlmental 1nformat10n sens1t1ve to the (p, 2p) reactlon »
mechamsm is very 1mportant
/ It is  considered that the study of polarlzatlon ef-

_fects’ ./ 3.4/ ‘may give’ necessary ‘information” including.
data on the spins of the excited states of re51dua1 nuclei.
However, these. effects for the - (p,2p) reaction have .
not been, in fact, stud1ed Only some papers * have been *
publlshed describing- measurements of quas1 -elastic scat-. .
terlng of polarized protons for the nonsymmetrlc geometry

correspondmg to the zero momentum of the res1dua1
.nuclei. These’ experlments made it possible to find out"‘_'“
that -within errors’ the. measured asymmetry ‘values

close to w1th the correSpondmg value of free PP -scat- .

termg. B I I ST ; Y

o~




In order to continue the series of studies /5/ at the
'end of 1972 the authors of the presentpaper began measu-

ring the .dependence of the asymmetry quas1-e1ast1c"'

polarized proton. scattering by. light nuclei upon-the

momentum of residual nuclei for the- compla.nar, non-

symmetric experimental geometry.
Below are described preliminary data for S Li nuclei
obta1ned in the first series of runs. ’

II. Exper1mental Cond1t1ons

The asymmetry was measured by using the c01nC1-f,

dence .conjugated’ telescopes - which detected both-the
protons. Each telescope cons1sted of four sc1nt1llat10n

counters “The - first - three ‘counters were sw1tched in’

co1nc1dence 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 second and the third.scintillation counters-as well as ‘

between the third and the: fourth:ones of each telescopes.3 S

- The angles at ,which "the: telesc0pes were ‘placed: were;

. taken so that the momentum transferred to the. res1dua1 -
“nucleus was parallel or antiparallel to the polar1zedbeam .

d1rect1on The scattering angle ‘in” .c.m.s. of the 1nc1dent%, :

, and trave111ng nuclear protons was 579 in all cases.
The target was 2.0 g/cm

to the left

. Due to “the 1arge energy spread of protons mthe}
incident beam it was 1mposs1ble to separate the ground:
- and the excited ( Es=18 MeV) states of the ’He residual

nucleus But in our series of runs the contribution of
1nc1dent proton scattering by nucleons of the 5. -shell

--thick and- conta1ned 90% :
of °Li 1sotopes The full 635 * 12 MeV polarized proton:
beam incident on the target ‘was 5 10° part1c1es/ sec. The.
proton polar1zat1on of the beam was, 42.5%. The beam was’
polarized by scatter1ng the 1nterna1 beam on a Be target
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- IIL Exper_imental Results '

. the same as in ref.
w1th the ‘'measured asymmetry for free pp -scattermg

of the °L
rators.: : :
The’ apparatus resolut1on on the residual nuc1ear mo-’
mentum was on average P, =1 30 MeV/c - : :

-~

nucleus was reduced by a select1on of mode- -

- For each momentum value of the residual nucleus the
asymmetry was determined by means of the measured
reaction yields for the *7]eft-hand’’ and ?’right-hand’’
positions of conjugated telescopes ‘In order-to check the
apparatus for the false asymmetry the asymmetry of
polar1zed proton scattermg ‘by: hydrogen was measured
at an’ angle of 90° in the centre-of-mass: system The
asymmetry in this case was found to be a(90 —.-:0.018t

~%0.015, i.e. close to zero.

- The- ‘random . comcldence background between the te-
lescope did not exceed 5% and 20% from the c01nc1dence, -
counts for thetelescope positions correspondmg to the
direction of the residual nucleus'momenta along the beam
and agalnst 1t ‘The measured asymmetry dependence is

_ shown in “Fig, 1. .The absc1ss is the projection of the
* momentum P, of-- res1dua1 nuclei. ‘The ordinate is’the
T measured asymmetry in" per cent “The’ tr1ang1e in this
: figure is the measured asymmetry for free pp -scatter- -
. ing with’ the same scatter1ng angle 1n c.m,s.. - E

-AS is ‘seen from Fig." 1 with thé zero momentum of
the res1dua1 ‘nucleus the measured asymmetry remains
and it coincides within errors -

But with the momentum deviation by 50 MeV/c from
Zero the asymmetry -varies greatly It increases with

: p051t1ve momentum projections and decreases w1th nega-
tive ones. The observed asymmetry dependence upon the
] res1dual nuclear momentum is . difficult to explam by .
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measurement errors’ S1nce for pos1t1ve and negatlve

_.prOJect1ons of -the momentum the deviations from’ aSym-
) ‘metry for the zero momentum of . the residual nucleus
" are af- systemat1c nature For. pos1t1ve prOJect1ons all the -
.‘measured asymmetry values are 1arger and for negatwe “

prolect1ons are smaller than those for the zero momentum. -

~It is-evident* that ‘with a more accurate resolution on the
res1dua1 nuclear momentum we'- could -observe a st1ll"

greater change of: asymmetry values in the momentum

_range from zero’to 50 MeV/c. :
“‘Thus,"’ ‘the exper1ment made it poss1b1e to’ estabhsh
,that the asymmetry of quas1 elast1c scattermg of pola-

.~ rized protons by °®Li' nuclei: with the nonzero residual

nuclear momenta differs essent1a11y from that of -free
PP -scattermg This difference’ demonstrates the effecty
of nuclear structure upon the quasi-elastic proton scat-
termg ‘by nuclei. ‘This’ means that when study1ng polar1-’

zation effects it is- poss1b1e to obta1n new exper1menta1~_t.: .«

-mformatmn on the mechamsm of d1rect nuclear reactions.
7 In part1cu1ar, it follows from. the obtamed results that
the polar d1agram is not app11cab1e for descr1b1ng ‘the

S quas1-e1ast1c proton scatter1ng by nuc1e1 even inthe region

.of low momenta transferred to’ the res1dua1 nucleus.

| . 'Recently Dr. Th.Maris proposed at the Vtn Interna-

tional Conference on High. Energy Physicsheld in Uppsala )
(1973)to perform an exper1ment on quasi- -elastic scattermg

" of polarized protons in- the asymmetr1c geometry inorder

to ‘ establish the character of: spin-orbital ‘coupling. of -~

‘nuclear nucleons. He indicated in- h1s report thatif the -
“momenta of the residual nucleus were “fixed in the plane |
of quas1 elast1c scattermg, then due to the comb1ned effect :

of the sp1n—orb1ta1 coup11ng and the nuclear absorpt1on
a s1tuat1on arises identicalto the appearance of the effec-
tive nucléon polar1zat1on of the nucleus- target in the- .
direction: perpend1cu1ar to,, the scattering plane. This,

effective - polar1zat1on .of ‘the’ target results in the appea-..

- rence. of the add1t10nal asymmetry wh1ch causes the d1.f-



ference of the measured asymmetry values from that
~for free pp -scattermg w1th nonzero momentum of the

- re51dua1 nucleus.

-~ In our-case:the’ additional asymmetry ar1ses due to the
effectlve Py proton polar1zat1on of the . L1 ‘nucleus. -
“The general pattern of the asymmetry dependence upon '
_ the momentum prOJectlon of the residual nucleus measured
“in our. exper1ment is in- agreement with the evaluations
of the differential cross sections of quaS1-e1ast1c scatter—
ing of. the totally polarized 215 MeV protons by protons
~ of the P3/2 shell of the '°0 nucleus which have been
glven in Dr. Th. Maris’s talk. o o ;
- The’ experlment is t111 under way
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