
I 
"" 

Z-91 

6tS/Jw-f.£ 
El • 9386 

R.Zulkarneev, Kb.Murtazaev, B .Kbacbaturov 

CHECK UP ·OF THE T-INV ARIANCE PRINCIPLE 

635 MEV pn·SCATTERING 

--...::,;..__ 

- -:::-



t 
\ 

l 
L 

El - 9386 

R.Zulkarneev, Kh.Murtazaev, B .Khachaturov 

CHECK UP OF THE T-INVARIANCE PRINCIPLE 

IN 635 MEV pn-SCATTERIN G 

Submitted to Physics Letters 



L 

Strong interaction invariance with respect 
to time inversion results in the well-known 
"polarization-asymmetry" {P =G) relation /1,2/ 
which has been checked up only in proton
proton collisions h-U. However, a possible 
contribution of T-odd terms to the pp-inter
action amplitude according to the above in
vestigations is comparatively small and from 
this point of view large angle neutron-pta
ton scattering experiments at 450-700 Mev/8,9/ 
are more promising. 

Thus,P{O) polarization in 635 MeV pn
scattering in the angular range of (34 124) 
c.m.s. has been measured. The results have 
been compared with the values of the B pa
rameter obtained at this energy in/1 ~ 

The polarization was determined in the 
double scattering experiment of the primar~ly 
unpolarized proton beam. Protons were scat
tered at a neutron-rich target {CD2 -C). The 
polarization of protons scattered at this 
target was analysed by the repeated scatter
ing by carbon at the angle 0 2 = ~ lab.s. 
Recoil protons were registered by a special 
neutron detector. The experimental set-up 
and the experimental procedure have been 
described in detail in/11/. The measurement 
of left-right asymmetry of scattering by 
carbon, e , made it possible to obtain the 
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P polarization parameter in pn -scattering 
tii using the following formula: 

e = P • A p n p n c 
( 1) 

where Ac is the analysing power of carbon. 
The analysing power of the analyser was ob
tained together with measuring the e asym
metry. With this purpose a special l~inci
dence circuit separated the events of quasi
elastic tp-collisions at a deuterium polari
zing target. The measurement of the left
right asymmetry, e , for quasi-elastically 
scattered protons Pillowed the determination 
of Ac from the following expression 

e = P ·A 
pp pp c 

( 2) 

where P is polarization in quasi-elastic 
pp-scallering by deuterium. The value of Ac 
was obtained under the assumption that P = 

a r. • PP = upp , where u~ 1s the asymmetry parameter 
for quasi-elasticpp-scattering by deuterium 
found earlier in/1~ at 635 MeV. Our analy
sis and special experiments have shown that 
the systematic error caused by a method of 
determining the analysing power is several 
times smaller than the statistic~l error in 
the case of Ac determination an1d it does not 
exceed (0.02-0.05) Ac. 

Our method and special apparatus had been 
tested previously in the runs described 
in/11/ 

The values of the measured quantities P(O) 
are presented in Table 1 without taking into 
account false asymmetries which were neglect
ed. The errors given in Table 1 are total 
statistical ones. The total absolute value of 
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the possible systematic error of our P 
d ' ' d' 1 pn eterm1nat1on accor 1ng to our eva uat1ons 
and those of ref./9/ is 0.01+0.02. 

On the basis of the obtained values of 
P-G the contributions of the T-odd term, t 
i.e., the elastic 635 MeV pn-scatteringt-odd 
matrix /l,2/ to the total amplitude of the 
process for each scattering angle were eva
luated (see Table 1). 

The averaged results for all scattering 
angles are~as follows: 

ne t 
pn 

V lpn 

lm t 

-~ 

V lpn 

=(0.0!1.4)%, (3) 

where I is the differential cross section 
of pn-J;attering. Our evalation (3) is in 
agreement with similar results obtained 
earlier by measuring the difference P-G in 
elastic 140-640 MeV pp-scatteringh-7~ 

For the T-odd scattering phase Al 12,8/ the 
following value has been obtained 

Al = 0.01+0.02. (4) 

The values of the phase shifts of the 
Bl(IID set of the phase shift analysis/12/ 
for 600-630 MeV scattering were'used. 

As is seen from Table 2, the accuracy of 
our determination of the A1 phase is larger 
than that for the A2 phase in 635 MeV pp
scattering/7/ and competes with (even may 
exceed) the accuracy of determining the 
value of A2 at other energies. 
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Thus, our measurements make it possible to 
state that should the T-invariance violation 
appear in 635 MeV pn-scattering, the value 
of the ~odd scattering phase must not exceed 
(1-3)% of the maximal value of the invariant 
p base .\1 = rr /2. 

Our value of the P- (i difference can be 
compared with the results predicted theore
tically for it. The calculations have been 
performed by Bryan et al. /B, 9/ by using 
the potential models of NN-interactions 
based on the Sudarshan 1 s hypothesis /13/ . One 
of the results of such calculations for the 
600 MeV energy /9/ is shown in Fig. 1. As is 
seen from the Figure, the theoretically pre
dicted values of P-6 differ considerably 
from zero and disagree with our experimen
tal results. A similar conclusion has been 
drawn by Bryan /9/ after analysing the un
published results of Kerth et al./14/ who 
have measured the parameters of triple 500 
and 600 MeV np-scattering. 

The authors consider it their pleasant 
duty to thank Professors R.Bryan, V.P.Dzhe
lepov and Yu.M.Kazarinov for interesting 
discussions of some problems considered in 
the present investigation. 
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