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'3ynhKapneen P.H.; HanelK!lHH B.C., CaTapon B.H. E 1-4650 

nponepKa T -nnnapnaHTHOCTII D ynpyroM paccennlm npoTOHOB 
npoTo!IaMn c sneprnei'I. 635 Msn • 

B onbiTax na nonnpii3onannoM ny'!Ke npoTonon c sneprneil 635 Msn 
nponepnnocb pane!i~TBO unonnpnaaunn-acnMMeTpnn' ( p • (f ). 1 .BbiTeKa
romee n3· nnnapnanT!iocTn ynpyroro paccennnl! oTnocnTenbi!O ·o6pamennn 
IipeMenn. C TO'lliOCThiO no onm6oK onbiTa ( 2-4)% o6e l!3Mepenllbie nenn'lllllbi 
n nnTepnane yrni:ln 34.:.111° c.u.M. conilanaroi MelKny co6oll:, 'l'fO ne' npo- · 
Tl!BOpe'll!T coxpaneHl!IO T - 'l~THOCTll B ynpyroM . PP paccenHllllo nony-
qeHbl ouenKn nepxnell: rpannUbi T -'lnena n ¢a3bi .\ 2 , napymaromnx 
T -'lilTHOCTb sin .\. 2 =-0, 11:!:.0,10. · 

Coo!i~eHHll O!i'beAHHeHHoro ·HHCTHTyTa a,!lepHbiX HCCJie,!loBaHHA 

~&Ia, 1969 

Zulkarneyev R.Ya., Nadezhdin V.S., Satarov V.I. E1-4650 

T - Invariance Check in 635 MeV Elastic Proton-Proton 
Scattering 

"Polarization~symmetry"' equality following from. interaction 
T · -invariance has been checked in pp -scatt~ring at 635 MeV. 

No effects of T -invariance violation has been found in the 
angle region 'of (34° - .1170) c.m.s., the experimental accuracy. 
being (: .2-4)o/o. The T -nonparity scattering amplitude has been 
estimated. The value of sin .\

2 
=-0.11;t.0.10 has been found fqr the 

noninvariance phase · .\ 2 

Communications of the Joint Institute for Nuclear ·Research. 

Dubna, 1969 

. ~ \ ' ' 

. ,, ~ 
~ ' ( f jl, • t,: .~ t 

\ ,•'; . 

'• !, 

. . 
I J• . - . ,., ' 

.. 

-,.-

-· 

~ ' .. 



El • 4650 

. R.Ya.Zulkarneyev, V_.S.Nadezhdin, V.I.Satarov 

T-INVARIANCE CHECK IN 635 MEV 

ELASTIC PROTON-PRQTON · SCATTERING .. 



Interaction invariance with respect to thne-inversal results in 

the' well..;. known "polarization asymmetry" 'equality ( p = (1 ) for 

nucleon:..~ucleon elastic scattering/1, -2/, The experime~tal check 
. ~ . '3-5/ 

of this conclusion performed ·earlier at 142-210 MeV' is .also . 

important even at higher energies both due to the. fundamental 

principles on which the equality under study is based and: the- fe

asible dependence. of T -invariance violation upon energy.· With 

this purpose the polarization P (. () ) was measured in. the angle 
. ·o 

region of 34-117 c,m.s. The results were compared with the 

appropriate values of q ( () ) obtained in ref/6/. The polarization 

P ( () ) was determined in the triple proton scattering on parallel ·· 

planes when the. first scattering occured inside the accalarator 

vacuum chamber, The obtained proton beam, having· the polariza

tion as large as 0,425±_0.-013 ref}?/ was scattered for a second 

time on a hydrogeneous ( OI2 -C) target at _an angle 02. The 

polarization was analys-ed by proton scattering on carbon at an 

-angle_ of 0 0 
() 3 = 8 · ±. 1 30'. In the case if the planes of all 

scatterings coincided, the left-right asymmetries e + and e _ ,which 

are observed in the. analysing. scattering and correspond to reci...: 

procally opposite normal directions to the second scattering plane ,7 

3. 



.make it possible to. find. polarization bY-· the ·known formula. 

(refs./1.•
3

/) 

He~e P ~- is the aoolysing power in the third scattering: p 1 

is the beam polarization after the first scattering; • a is a.symmetry { 

arising in scattering of the totally polariz~d proton beam on hydrO-. 

gen. 
~ . . . 

The angle of the second scattering was taken with the acco-· 

· unt of the followi_ng considerations. One can show. that if space 

paritY is conse'rved, then 
·. 

-4 lm.II* ( 0 ) T (0 ) 
. 2 . 2 

== 4-, T I_ I Sin a Re II ( 8 
2 

) - ImH ( 0 
2

) .Cos a I 1 

where II and . T ·. acc.ording to refs/1•2/ are scattering matrix 

terms which conserve and violate time-parity, respectively; I 0 ( 02 ) 

is the, scattering differential cross section, a is a phase. of 

easily the complex amplitude: T • So, one c;:,an 

see that 02 . should besuch lest Reii(0 2) and·Imii(0 2)vanishto 

zero, at le~st, simultaneously. From the . results of phase ·shift c·· • 

analyses (rei!'/) ~t follow~: that in scattering to the forward heml-
. ' ' 

sphere the_ angle region of 20°< 0 2 < 65° c.m:s.'. satisfies this 

condition, 

By basing on the requirements in minimum corrections to 
. . 

the measured quantities related to the angular and energy depen-

dence of the scattering cross sections_ in the above regior:, the most 

'correct measurements were performed in the angle range from 

41° to 90° c.m.s. One may perform measurements in this angle 
' range 'without the fear. that the results will be strongly changed . 

' ' ., 

due to the presence of f~se asymmetries, 

Special attention was paid to the .. determination of. the . 

effective zero reference on the angle scale in _the 'third scat-
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- ,• .. . .. . 
tering.' This was .achieved by ·a ~ethod ·similar J_o that· described 

in r~f/8/. · In ~ur ~ase this allo\veei. t<;> deter~l,ne' the position of 

the' incidenf beam· axis. to an accuracy better than +0 °2'• · · . . . ~ -
The analysing power of P 3 . of the scatterers . was . defined 

in a ·speCial. run. 

.. The · meth~. and the developed apparatus were preliminary 

t~s~~d 'in the S~attering e~perlment at an . angle of 90° c.nl.s. 

The Pauli . principle .and · P -parity 'requirements result hi the 

fact that P ( 90°) should be· zero for· ~ p -s~tems. The. result: 

''of. th~' test- ~xperi.ment and those of measuring p ( () 2' ) "c;lre 

su~marized .in Table 1. As follows from Table 1, 5'(90d) =0.004+' 

±..0.020,· w:hich d~e·~··not .contradict the· equality P (9d~ = o. ~:is 
:.result can be 7onsidered .as an experimentaL proof of the absence 

of essential systematic errors in the .measurements. 

{}z. ' ' 
lc.m.s. 

34.5 

~ 41 

48 

61 

72 

90 

106 

117 

.0.563:t.0.041 

' 0.473±,0.020 

' 0.378:t.0.020 

0.274:!:,0.034 

0.004:!:,0.020 

-o.358.:t.0.028 

-Q.;338:t.0.039' 

Table 1 

o:518z.0.014 

·o.485:t.0.009 

0.395:t.0.014 

0.296:!:,0.014 

0.012:t.0.009 

-o~268z.0.015 

-o.400.:t.0.026 

9-Gl 

0.062.:t.0.046 

0.045.:t.0.044 ;-2.'6:t.2.5 
. '1£) ' ' 

-o.012.:t.0.022 ': 0.8.:!:,1.6 

-o.017.:t.0.024 -1.5±~-1' 
L . 

-o.022.:t.0~037 ,. -3.2±5.4 

-0.008.:t.0.022*) 3·5:!:.9-~7 
.-:-Q.090:t.0.037 

o.o62:t.O.o44 

x/ Preliminary results have been published in re~Jgf · 
xx/In 1 .ul t' 't · d th t · our. c~ c a tons 1 :was assume a sm a = cos a 
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The values of P. ( ()) . are given without the account of 

.. corrections due to the existence of correlation, 'angle-energy, 

in the third. scattering, These correctio~ · are· about + 0,004.:!:_0,002 · 

~nd 0,002.:!:_0,002 in .~ angle region of ·106° a:nd 41° c,m,s,, 

· respectively, Errors of Table 1 are complete and .. , in contrast 

to the results of. other authoes (refs/3 •4•5,10~ .), they include · . 
the errors of primary· beam polarization measurements and the 

target anc;tlysing. powers, 

By taking into consideration the obtained values .of P- (f 

the contribution of the matrix term·· T of elastic p p -scattering 

(~ee, Table i) .as well as the noninvariance phase .\ 2 /
2

/ were 

evaluated, For the former it was suggested that ReT ;,. Im T , 

and 'for the latter .\ 4 = 0, 

Table 2 

h~2 Mev/3/ 176-179 MeviAI 220 'wev/5/ I . 1 635 MeV 

eo 
9-G, /o~ 

eo 
9-d,% 

eo 
9-G% 

eo. c;p_a 
t..S~ a.m. s. e.ms. ' 0 c.m.s. ' ' 

1.4+3.<> l ' 10 I - - - - 34.5 6.2.±4.6' -. 
I· 15 -4.3.±2.5 30.9 0.7±2·3 30. -1.9.±1.8 41 4.5,±4.4' -

20 -2.3±,2.8. i - - - - 48 -1.2.±2.2 
' I 

25 -6.3±,2A I 50 ! 1 ~1.±2.2 - - 61 1-1.7.±2.4 ! 

! I 
30 ,. 1.0±~·3 i .• - I - - I - 72 -2.3,!3.7 

! I -
I I 

35 I - - - l 90 -O.B,±2.2 I o.2,t4~~ I 

1 
I -

I I 

40 1-8·3.±6.6 i - I - - I .;. 106 -9.0,±3.7 
i l 

' I - I - ! - I - - - 117 6.2±4A 
' l 

I. I I ! 
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. \ ' 
... ,• , .. _. 

By_ aw~agi11.g . over all the angles -we ha~ 

.assuming: A~ 
f 

= 0; 
. ~' ' 

lm T 
"'.-- (0.8 .:!: 1.1) ·• 10':"

2 
'. 

____ ., 
\II; . . v-r;;··: . 

If one assumes that th~ results of W~lght et ai.flO/ obtained · 

for· 435 · MeV , ·· are v.;uid also for 635 Mev;ilieir treatment tog~ther 
' I " • ~ • ' . • 

with our'" experimental . data a.u'6w orie to find the .. real and · im~gi:.. 
nary· ~rt of the · T a • The calculations have shown that in our 

~- ~>· ... "' 
·.case . j -27 

ReT = ( -0.008 + 0.021 ) 10 ·. . -an 

lm T ( 0.015 + 0.02~ )'.) 10-:-
27 

em 

I 1' I .. < o.o~7 + o.o~ > j 10-
27 

em 
.· 

J -27 
y · I ( .:D 0 c.m. ) .. 2 . 10 · an • 

For the sake of comparison Table 3 presents the values. 

of sin A
2 

at 140-430 MeV available in the literature. 

Table. 3. 

Energy 142 Mev/'5/ 1ao Me./41 220 Mev/5/ 4'50·Mevl1b/ 625 Me . . I present 
paper 

.· . 

jsiNA2 . 
. .. 

• .1,.11+0.10 -o.05.±,0.0'5'5 0.022.±,0.0'58 -oe100.±,0.060 .;;.o.1 
I -

7 
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'I'hus, as it seen from Tables 2 and 3, even if the're is any 

. ~?ffect of T -invariance violation in th~. angle and energy .regions, 

it should. occur at the level not higher than ( 2-3) x 10-
2 

of the 

total amplitude of elastic p p -scattering. · 

'I'he authors are indebted .to Prof. V.P.Dzhelepov, Dr.S.M.Bi

lenky, D~. Yu.M.Kazarincrv, · Prof~ L.I.I.apidus, Dr. R.M~Ryndin 

for the helpful discussions of the proble~ raise.d in this P'?-per. 
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