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I. INTRODUCTION 

It was already pointed out 11- 41 that when a high energy had
ron, of kinetic energy much higher than the threshold for pion 
production, passes through a massive atomic nucleus it may 
undergo deflection only accompanied by nucleon emission, but 
without particle production. The passage through the layers of 
nuclear matter thick enough, without causing the particle pro
duction, is always accompanied by the emission of many fast 
nucleons 18 ·41 of kinetic energy from about 20 to about 400 MeV; 
usually neutrons are not observed simply, but protons are ob
served without difficulties almost in all experiments. We have 
investigated such events in the 180 litre xenon bubble cham
bcriS! exposed to negatively charged pion beams; there were col
lision events of the type 

" - Xe • " _._ n P + f , (I ) 

where n P...: 0 is the number of the protons emitted, f denotes re
sidual nuclear fragments. 

ln a sample of events of this type (I) the pion deflection 
plane, P 11 - in which the incident pion and the deflected pion 
straight-line courses lie, is a naturally distinct plane among 
other planes in which incident pion course lies. Two other 
planes related to the incident hadron-deflection plane, to the 
incident pion deflection plane in the case, are of great impor
tance and are naturally distinct as well; both these planes are 
perpendicular to the PH plane. One of these planes Pv ,we call 
it the vertical plane, we define as the plane normal to the def
lection plane PH and containing the incident hadron straight
line course; the second plane PA .we call it the azimuth plane, 
we define as normal to both the planes P 11 and Pv and containing 
the point at which the incident and deflected hadron courses in
tersect. 

The natural distinction of the three planes (PH, Pv , P A ) in 
the collision events of the type (I) provides a possibility to 
look experimentally for asymmetries in nucleon emission, relative 
to these planes; occurrence of some asymmetries cannot be exclu
ded a priori. 

The subject matter in this paper is to present results of our 
experimental study of asymmetries in proton emission in pion
xenon nucleus collision events of the type (I) at 3.5 GeV/c mo-
mentum. 
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2 • EXPERIMENT' 

The characteristics of the 180 litre xenon bubble chamber15~ 
used as an apparatus in which the collisions occur and emitted 
protons and produced neutral pions, charged pions, and other 
particles were detected, and a detailed information about the 
experimental procedure can be found in our previous works/1,4,6,7/; 

_we limit ourselves here, therefore, to the presentation of the 
most important information about the experiment, just for the 
case in question. 1 

The class of hadron-nucleus collision events of the type (I) 
co,uld have been discovered 11·21 when all the secondary pions, 
charged and neutral, and the emitted protons were registered 
with an efficiency of about 100%; the 180 litre xenon bubble 
chamber as the detector satisfying these conditions has been 
used therefore. 

The sample under analysis consists of 876 collision events 
of the type (I) with various proton multiplicity np ~ 0. 

Any sharp change in the straight-line track of any beam pion 
was considered in the chamber photographs scanning to be an in
dication' that this pion underwent the interaction with a xenon 
nucleus; the deflection point of any beam pion track was ac
cepted to be the point of impact, We were able to detect the 
collision events in which the incident pion deflects at an 
angle of no less than 2 degrees, accompanied or not by any num
ber of proton trgcks. 

In any of the events the deflection angle e"- of the inci
dent pion track, the number np of the protons emitted, the emis
sion ang1e e P and the azimuth angle ¢ , the kinetic energy E kp , 
the longitudinal momentum PLp, and thl transverse momentum PT 

of each of the protons ,emitted were determined; the azimuth p 
angle of the proton emission direction is defined as the angle 
between the pion deflection plane and the proton emission plane. 
The accuracy in measuring of the pion deflection angle is about 
I degree; the accuracy in measuring of the proton emission di
rection angle is about 3 degrees, on the average. Energies of 
th~ protons were measured, using the range-energy reiation/8/, 
with an accuracy of about 3%. 

In addition to th~ .Proton emission direction azimuth angle ¢p 
and zenith angle ep,two/projections of the zenith angle on the 
hadron deflection plane epR - we call it the horizontal. pro
jection, and on the vertical plane epv - we call it the verti
cal projection, are here in use; we define these projections more 
accurately. 
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The azimuth angle horizontal projection ep~ we define as: 
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+- +- I +- + -where tgn .. Ppx P ph and Ppx or Ppx are the posit1ve or ne-
gative component of the proton momentum P on the x-axis per
pendicular to the incident hadron course lying in the hadron 
deflection plane, P;h or P;h are the negative or positive pro
jections of the proton momentum PP on the hadron course; 

+- +-e p v "" arc tg f3 • (3) 

+- +-; +- + -where tg f3 ,..,p PY P ph and P PY or P PY are the posit1.ve or ne-
gative component of the proton momentum Pp alo~g the y-axis 
perpendicular to the hadron deflection plane. 

3. EXfERIMENTAL DATA 

The data obtained in the analysis of 876 events of the typ,e 
(I) are presented in fig.! and fig.2, and in tables 1-5. 

Frequency distributions presented in fig.! and in fig.2, and 
in tables I and 2 characterize the azimuth asymmetry in the pro
ton emission; £requency distributions presented i~ table 3 and 
in table 4 characterize the asymmetry in proton emission zenith 
angle vertical projection distributions; "frequency distributions 
presented iri table 5 characterize the asymmetry in proton emis
sion zenith angle 'horizontal projection.distributiorrs. 

4. CONCLUSIONS AND REMARKS 

In result of a review of the experimental data presented in 
foregoing section 3, it can be concluded that: 

I) An azimuth asymmetry in proton emissioh exists; stronger 
asymmetry is observed in events with- smaller pion deflection 
angles, e1T_<30 degree's, f~g.l; the aqymmetry exists in both 
samples of events of the type (I); when np ~ 1 and when n P ~ 2, 
fig.! and fig.2. 

2) Does not exist any asymmetry in distributions N(~e v) 
of the proton emission angle vertical projections 8pv, table 3 
and table 4. 

3) An asymmetry exists in distributions N(~epH)of the proton 
emission angle horizontal projection 8pH , table 5. 

The observed azimuth and horizontal asymmetries will be 
a subject matter of an additional accurate analysis. 
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Table I 
Proton emission azimuth angle, ~P degrees, distributions, 
N(~~p),in the sampl~s of pion-xenon nucleus coll~sion 
events at 3.5 GeV/c momentum, without particle production 
and with the number of emitted protons np>-1. of the 
type (I), in which incident pions are, deflected at 
various deflection angles, err degrees. L N- total number 
of events in a sample, <~ p>- mean value of the azimuth 
angle, r.m.s. - the root-mean-square deviation 

Low edge 
N( A 'f p) ~-~ N(tl \f P) 

~'Pi> 
--

~ ~180 ~ ~ 30 ~~ 60 J- > 30 ~ >60 
degrees ~ 

0 0.027 0.003 0.030 0.00'{ 0.027 0.004 0.026 0.004 0.029 0.007 
11.25 0.024 0.003 0.016 0.004 0.020 0.004 0.028 0.005 0.03<:! 0.007 
2<:!.50 0.028 0.003 0.024 0.005 0.028 0.004 0.031 0.005 0.029 0.007 
33.75 0.030 O.OOJ 0.024 0.005 0.024 0.004 0.033 0.005 0.041 0.008 
45.00 0.024 0.003 0.026 0.005 0.0<:!2 0.004 0.023 0.004 0.029 0.001 
56.25 0.0)4 0.004 o.o30 o.oo·r 0.0)5 0.005 0.0)7 0.005 0.0)4 0.007 
6'/.50 0.025· o.oo~ 0.022 0.005 0.025 0.004 0.027 0.004 0.025 0.005 
78.75 0.021 0.00) 0.01'{ 0.005 0.022 0.004 0.023 0.004 0.020 0.005 
90.00 0.037 0.004 0.0)4 0.00'{ 0.0)7 0.005 0.03ti 0.005 0.0)5 0.007 

101.25 0.037 0.004 0.0)4 0.007 0.040 0.005 0.03Cl 0.005 0.030 0.007 
112.50 0.0)3 0.004 0.024 0.005 0.031 0.005 0.03Cl 0.005 o.OJ'f o.oo7 
123.75 0.0)7 0.004 0.0)9 0.007 0.0)9 0.005 0.0)'( 0.005 0.034 0.007 
135.00 0.026 0.003 0.029 0.007 0.02'( 0.004 0.025 0.004 0.02,.!) 0.005 
146.25 0.0)9 0.004 0.041 o.oou 0.03<:1 0.005 0.038 0.005 0.039 0.007 
1~7-50 0.033 0.004 0.042 0.008 0~0.36 0.005 0.02U 0.004 0.0<:!6 0.005 
168.'(5 0.042 0.004 0.059 0.009 0.044 0.005 0.0)4 0.005 O.OJY 0.007 
1HO.OO 0.040 0.004, 0.049 O.OOd 0.043 0.005 o.oJG o.oo5 o.o34 o.oo·r 
1~1.25 0.0)4 0.004 0.041 o.oou 0.034 0.005 0.0)1 0.005 0.0)4 0.007 
20<:!.50 0.0)7 0.004 0.04':1 0.008 0.043 0.005 0.031 0.005 0.0<:!5 0.005 
21).7~ 0.0)1 0.00~ 0.034 0.00'( 0.0)1 0.005 0.0)0 0.005 0.033 0.007 
2~5.00 0.041 0.004 0.041 O.OOb O.O)U 0.005 0.042 0.005 0.049 o.oou 
2)6.25 o.o37 o.oo4

1 
o.o37 o.oar o.oJu o.oo5 0.0)"( 0.005 0.0)5 0.00'7 

247.50 o.o27 o.oo~ 0.031 o.oo1 0.029 o.oo5 0.025 0.004 0.025 0.005 
258.75 0.031 o.oo 0.029 0.007 0.0)3 0.005 0.0)) 0.005 0.02':1 0.007 
27o.oo 0.027 o.oo~ o.o26 o.oo5 ,o.o27 o.oo4 o.o;n o.oo4 0.025 0.005 
2u1.25 0.021 o.oo3 0.025 o.oo5 ;c.023 0.004 0.024 0.004 o.o::::o 0.00'{ 
2~2.50 0.0)0 0.00) 0.026 0.005 0.027 0.004 0.0)2 0.005 0.0)5 0.007 
)03.'(5 0.030 0.003\ 0.0)0 0.001 I 0.029 0.005 0.02':1 0.005 0.0)0 0.007 
315.00 0.031 0.00),0.022 0.005 0.029 0.005 0.035 0.005 0.034 0.007 
)2G.25 0.022 0.00)10.025 0.005 0.025 0.004 0.021 0.004 o.on o.oo5 
3)7.50 0.0)1 0.003l0.024 0.005 0.030 0.005 0.035 0.005 0.033 0.001 
3~8.75 0.027 0.003 0.021 0.005 l0.025 0.004 0.0)0' 0.005 0.030 0.007 

~N 2294 762 1532 1532 762 

<f > 180.5 181.6 181.5 179.9 178.5 
r • .K.s. 98.9 93.3 97.2 101.5 102.2 
skewness 0.03 -0.05 -0.02 0.02 -0.01 
kurtosis -1.05 -0.86 -1.01 -1.13 -1.14 
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Table 2 Table 2 (continued) 
" 

Proton emission azimuth angle distributions, N(6¢p), J ,, 

in pion-xenon nucleus collisions at 3.5 GeV/c momentum ' b) np;;.. 2 
i 

without particle production, of the type (I), when the 
number of emitted protons n p .. 1 or np ::::_· 2 and incident 

Low edge I l'H~'fp) ~ AN(A 'fp) pions are deflected at various deflection angles err 
degrees. ~ N- total number of protons in a sample, ] A'fp i) ~ HlO '6',.. ~ 30 ~ ~ 60 .<¢ > - the mean value of the azimuth angle, r.m.s. -

p d . . d~grees ~ • the root-mean-square ev~at~on 

,a) n P,. 1 ' 0 0.020 0.004 0.0)4 o.oos 0.0:::'8 0.004 

N( ~ f p) ~ ~ N( Ll \f p) 
11.25 0.025 0.00) 0.019 0.005 0.022 0.004 

Lov.: edge { 22.50 0.0)0 0.004 0.027 0.006 0.0)0 0.004 

~\fp 33.75 0~032 0.004 o.o29 o.oo6 0.029 0.004 

~ ~180 ~ ~30 ~~60 
j 45.00 0.024 0.00) o.o29 o.oo6 0.022 0.004 

degrees 56.25 0.036·0.004 0.034 0.008 0.0)6 0.005 
67.50 0.026 0.00) o.o26 o.oo6 0.028 0.004 

0 0.019 0.009 0.014 0.007 0.020 0.013 71.3.75 0.022 0.00) 0.019 0.005 0.022 0.004 
11.25 o.oo6 o.oo6 o.ooo o.ooo o.ooo o.ooo 90.00 0.038 0.004 0.0)7 0.008 0.039 0.005 
22.50 o.oo6 o.oo6 0.007 0.007 0.007 Q.007 101.25 0.0)5 0.004 o.o29 o.oo6 0.0)8 0.005 
3J.75 o.ooo o.ooo o.ooo o.ooo o.ooo 6.ooo 112.50 0.034 0.004 o.o26 o.oo6 0.032 0.005 
45.00 0.025 0.012 0.014 0.007 0.020 0.01) 123.75 0.040 0.004 0.046 o.ooa 0.043 0.005 
56.25 0.019 0.012 0.015 0.007 0.020 0.01) . 1)5.00 0.025 0.003 o.o26 o.oo6 0.025 0.004 
67.50 o.o12 o.oo6 0.007 0.007 0.007 0.007 146.25 0.037 0.004 0.034 o.ooa 0.036 0.005 
78.75 o.o12 o.oo6 0.007 0.007 0.01) 0.007 157.50 0.031 0.004 0.037 o.oos 0.033 0.005 
90.00 0.025 0.012 0.021 0.007 0.020 0.01) 168.75 0.039 0.004 0.053 0.009 O.O)U 0.005 

101.25 0.056 0.019 0.058 0.021 0.059 0.020 I 180.00 0.035 0.004 0.032 o.oo6 0.0.36 o.oo5 
112.50 0.025 0.012 0.014 0.007 0.026 0.01) 

' 191.25 0.028 0.004 0.019 0.005 0.024 0.004 
123.75 o.oo6 o.oo6 0.007 0.007 0.007 0.007' 

I 
202.50 0.036 0.004 0.048 0.008 0.042 o.oo6 

135.00 0.043 0.019 0.043 0.014 0.039 0.013 213.75 0.033 0.004 0.040 0.006 0.033 0.005 
146.25 0.068 0.019 0.072 0.021 0.065 0.020 225.00 0.042 0.004 0.039 0.006 0.0)8 0.005 
157.50 0.056 0.019 0.065 0.021 o.o5s ·o.o2o 236.25 O.OJ7 0.004 0.0)5 0.008 0.037 0.005 
168.75 0.087 0.019 0.086 0.021 0.092 0.026 247.50 0.028 0.004 0.035 0.008 o.o30 o.oo4 
180.00 0.106 0.025 0.122 0.029 0.111 0.026 258.75 0.033 0.004 0.032 0.006 0.035 0.005 
191.25 0.118 0.025 0.1)7 0.029 0.124 0.026 I 270.00 0.02'( 0.004 o.o29 o.oo6 0.028 0.004 
202.50 0.050 0.012 0.050 0.021 0.052 0.013 ~ 281.25 0.02) 0.003 o.o22 o.oo6 0.021 0.004 
213.75 o.o12 o.oo6 0.014 0.007 0.01) 0.007 ' 292.?0 0.027 0.004 o.o29 o.oo6 0.029 0.004 
225.00 0.037 0.012 0.043 0.014 o.OJ9 o.o13 )OJ. 75 0.027 0.004 0.045 0.008 0.032 0.005 
236.25 0.043 0.019 0.043 0.014 0.046 0.01) ' 315.00 0.032 0.004 o.o26 o.oo6 0.032 0.005 

I 

247.50 0.025 0.012 0.014 0.007 0.020 0.013 . 326.25 0.023 0.003 o.o21 o.oo6 0.026 0.005 
25C!.75 0.012 0.006 0.014 0.007 0.013 0.007 337.50 0.0)2 0.004 o.o26 o.oo6 0.032 0.005 
270.00 

~ 

348.75 0.028 0.004 0.020 0.006 0.026 0.005 0.019 0.012 0.014 0.007 0.020 0.007 
281.25 0.0)1 0.012 0.0)6 0.014 0.039 0.01} l:N 292.50 0.012 0.006 0.014 0.007 0.01) 0.007 2133 623 1379 
303.75 o.oo6 o.oo6 0.007 0.007 0.007 0.007 ('fp) 180.3 180.1 181.1 
315•00 0.012 0.006 0.007 0.007 0.007 0.007 100.6 98.0 99.7 
326.25 0.012 0.006 0.014' 0.007 0.013 0.007 r.m.s. 
337·. 50 o.o12 o.oo6 0.014 0.007 0.013 0.007 skewness o.os. : -0.03 0.07 
348.75 0.019 0.012 0.021 0.007 0.020 0.007 \) kurto~is -1 • 11 -1.04 -1.09 

z:u 161 139 153 
('{'p) 182.8 18Cl,J 185.2 
r.m.s. 7).0 68.) 71.0 '· 

skewness 0.01 0.13 o •. o3 
kurtosis 0.15 0.54 0.32 
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Table 3 
Distribution, N(Aepv),of the proton emission angle 
vertical projections, Opv degrees, in pion-xenon nucleus 
collisions events at 3.5 GeV/c momentum without particle 
production, when np~l protons are emitted and incident 
pions are deflected at any angle 0"~180 degrees; Opv 
is defined by formula (3). <0 pv>- mean value of the 
proton emission angle vertical projection, r.m.s. -
the root-mean-square deviation, ~ N - total number 
of the protons distributed. 

' Low ede;e 
..0.\J'pV 

dee;rees 

0 
11.<'5 
22.50 
}}.75 
4).00 
56.25 
67.50 
'(tJ.75 
~0.00 

101.25 
112.50 
12}. 75 
1}5.00 
146.2) 
157.)0 
16tJ.'(5 
100.00 
1~1.25 
202.50 
21}.75 
225.00 
2}6.25 
247.50 
258.75 
270.00 
281.25 
292.50 
}0}. 75 
}15.00 
}26.25 
337.50 
348.75 

<-&pv > 
r.m.s 
skewness 

kurtosis 

LN 

N( ..0.~V) ± .0. IHL::l.-3-;v) 

,0.054 0.00? 
0.04} 0.004 
0.052 O.OO'J 
0.0)'( 0.004 
0.045 0.004 
0.0}6 0.004 
0.0}1 o. 00} 
0.0}1 0.00} 
0.0}0 0.00} 
0.024 0.00} 
0.024 O.OOJ 
o.o2o o.orn 
0. 0 1'( 0 • 00 3 
0.022 0.003 
0.015 0.003 
0.010 0.00} 
0.021 0.003 
O.OW 0.00} 
0.023 0.003 
o.on o.oo3 
0.02} 0.00} 
0.022 0.00} 
0.024 0.003 
0.02ll 0.003 
0.0}1 0.00} 
0.0}4 0.004 
0.035 0.004 
0.041 0.004 
0.044 0.004 
0.047 0.004 
0.040 0.004 
0 •. 052 0.005 

179.4 
119.0 

0.02 

-1.51 

2294 

~.~ 

'' 

. 

' I' 

J 

Table 4 

Characteristics o£ the distributions, N(~Opv) of the 
proton emission angle vertical projection, Opv , in 
pion-xenon nucleus collision events at 3.5 GeV/c 
momentum without particle production, when the number 
of protons emitted is n ~.1 and incident pions are 
deflected through a certain angle Orr degree~. <Opv>
mean value of the 'epv, r. m. s. - the rqot-mean-.~quare 
deviation, ~ N - the number of. protons in a sample. 

-

-9'o, 
Quantity 

~ 180 ~ 60 > 60 
I > 30 

<{}pV > 179.4 179.8 178.8 
"' 

178.8 

r.m.s. 11 9. 0 11 9. 4 1 '1 8. 2 11 8. 1 

skewness 0.002 0.006 -0.007 0.011 

kurtosis -1.510 -1.514 -1.488 -1.490 

LN 2294 1532 762 1532 

Table 5 

Distributions, N(~4H),of the proton emission angle 
horizontal projections, OpH degrees, i~ pion-xenon nucleus 
collision events at 3.5 GeV/c momentum without particle 
production in wnich incident piqn is deflected at 
various deflection angles, Orrdegrees, and when the 
numbers of emitted protons are np::::; 1 or np 2 2; OpH is 
defined by formula (2) •. <OpH>- mean value of the proton 
emission angle horizontal projection, r.m.s. - the root
mean-square deviation, ~N - total number of the protons 
distributed. 

a) n P ~ 1· 

Low edge N( .~-3-;H) ~ £1 N( Ll ~PH) 
~-&pH_ 
degrees ~ ~180 

1f 
,} ~ 60 0: > 30 

.:11 $I 
~ > 60 

:t"' 

0 
11.25 
22.50 

0.045 0.004 
0.0).5 0.004 
0.0)7 0.004 

0.046 0.005 
0.037 0.005 
0.0}5 0.005 

0.'046 0.005 
0.0}4 0.008 
0.0}9 0.005 

0.043 0.008 
0.031 0.007 
0.043 o.oos 

9 



2 3 4 5 

33-75 0.036 0.004 0.034 0.005 0.040 0.005 o.o41 o.oos 
45.00 0.034 0.004 0.033 0.005 0.040 0.005 0.037 0.007 
56.25 0.038 0.004 0.036 0.005 0.041 0.005 0.043 0.008 
67.50 0.027 0.003 0.026 0.004 0.028 0.004 0.030 0.007 
75.75 0.023 0.003 0.021 0.004 0.028 0.004 0.028 0.007 
90.00 0.020 0.003 0.014 0.003 0.020 0.003 0.030 0.007 

101.25 0.024 0.003 0.026 0.004 0.024 0.004 0.018 0.005 
112.50 0.021 0.003 0.020 0.003 0.022 0.004 0.025 0.005 t 

123.75 0.023 0.003 0.020 0.004 0.023 0.004 0.028 0.007 
135.00 0.021 0.003 0.022 0.004 0.022 0.004 0.020 0.005 
146.25 o. 018 o. 003 o.on o.oo3 0.018 0.003 0.020 0.005 
157-50 0.013 0.002 0.01) 0.003 0.014 0.003 0.012 0.004 
168.75 0.020 0.003 0.020 0.004 0.021 0.003 0.021 0.005 
180.00 0.020 0.003 0.023 0.004 0.020 0.004 0.014 0.004 
191.25 O.OH3 0.003 o.ow 0.003 o.ow 0.003 0.017 0.005 
202.50 0.019 0.003 0.015 0.003 0.021 0.003 0.026 0.005 
213.75 0.019 0.003 0.020 0.004 0.020 0.003 0.017 0.004 
225.00 0.026 0.003 0.02'7 0.004 0.024 0.003 0.025 0.005 
236.25 0.025 0.003 0.023 0.004 0.02'{ 0.004 0.02tl 0.00'( 
24"{. 50 0.027 0.003 0.027 0.004 0.026 0.004 0.026 0.005 
258.75 0.032 0.004 o.oJr o.oo5 0.030 0.005 0.024 0.005 
270.00 0.041 0.004 0.042 0.005 O.OJij 0.005 o.ow o.oo·r 
281.25 0.042 0.004 0.049 o.oo6 O.OJJ 0.005 0.02U 0.00'( 
292.50 0.051 0.005 0.055 0.006 0.045 0.005 0.045 o.oou 
303.75 0.056 0.005 0.057 0.006 0.0,16 o.oo::. 0.05;..' o.oou 
315.00 0.039 0.004 0.037 0.005 0.044 0.005 0.043 o.oou 
326.25 Q.050 0.005 0.04'{ 0.005 o.0:>1 o.ooG o.o')G o.oo9 
337.50 0.045 0.004 0.052 0.006 0.043 o.ooG 0.031 0.007 
348.75 0.053 0.005 o.o5o o.oo6 0.054 o.ooG o.o5:1 o.oo~ 

<0\H > 194.7 197.9 189.2 188.2 
r .m. s. 11 6. 7 11 6. 3 117.3 117.3 

skewness -0.22 -0.28 -0. 1 3 -0.10 
kurtosis -1 • 4 4 -1.40 -1 • 4 7 -1 • 4 9 
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b) np~2 

Low edge 

.6-3";H 
degrees 

0 
11.25 
22.50 
33.?5 
45.00 
56.25 
67.50 
75.75 
90.00 

1532 1532 

N( ~ .fr'-PH) ~ ~ N( ~~PH) 

-&. -~ 1t.i0 
Jr 

0.04'{ 0.005 
0.035 0.004 
0.03U 0.004 
0.03b 0.004 
0.034 0.004 
0.040 0.004 
0.028 0.004 
0.025 0.003 
0.021 0.00} 

~ < 30 v~ ... 
0.050 O.OOb 
0. 0 3'7 0. OOCJ 
0.035 0.008 
0.032 o.oo6 
0.01'1 0.005 
0.037 0.000 
o.o29 o.oo6 
0.016 0.005 
0.024 0.006 

762 

.{T_ > 30 
Jr 

0.046 0.005 
0.034 0.005 
0.03U 0.005 
0.041 0.005 
0.040 0.005 
0.042 0.005 
0.025 0.004 
0.028 0 .. 004 
0.020 0.004 

~ ~ ' 
l 

I 
J. 

( 

I 

Table 5 (continued) 

• 2 3 4 
I 

101,25 0.025 0.003 0.027 o.oo6 0.025 0.004 
112.50 0.023 0.003 0.024 0.006 0.022 0.004 
123.75 0.024 0.003 o.o26 o.oo6 0.023 0.004 
135 .oo 0.021 0.003 o.o21 o.oo6 0.021 0.004 
146.25 o. 018 o. 003 _0.019 0 •. 005 0.018 0.004 
157.50 0.014 0.002 0.013 0.005 0.014 0.004 
168.75 0.022 0.003 0.022 0.006 0.021 0.004 
wo.oo 0.022 0.003 0.026 0.006 0.021 0.004 
191.25 0.019 0.003 o.o21 o.oo6 0.019 0.004 
.202. 50 0.020 0.003 0.016 0.005 o.o21 ·o.oo4 
213.75 0.019 0.003 O.OH:l 0.005 0.020 0.004 
225.00 0.026 0.003 0.032 0.006 0.024 0.004 
236.25 0.025 0.003 0.021 0.004 0.027 0.004 
247.50 0.027 0.004 0.029 0.006 0.026 0.004 
258.?5 0.030 0.004 0.032 0.006 0.030 0.005 
2"{0.00 0.040 0.004 0.043 0.008 0.038 0.005 
281.25 0.037 0.004 0.047 0.008 0.032 0.004 
292.50 0.045· 0.005 0.045 0.008 0.046 0.005 
303.75 0.051 0.005 0.061 0.008 0.046 0.005 
315.00 0.038 0.004 0.024 0.006 0.043 0.005 
326.25 0.051 0.005 0.050 0.008 0.051 0.005 
337.50 0.044 O.D04 0.048 0.008 0.043 0.005 
348.75 0.054 0.005 0.056 0.008 0.053 0.005 

<~H) 191. 1 195.8 189.2 
r.m.s. 116.7 115.7 117.0 
skewness -0.16 -0.24 -0.1) 
kurtosis -1.45 -1.38 -1.47 
LN I 

2133 623 1510 
-----

REFERENCES 

I. Strugalski Z., Pluta J, Sov,Journ.of Nucl.Phys·., 1974, 27, 
p.504. 

2. Strugalski z. et al. JINR, E1-11975, Dubna, 1978. 
3. Strugalski Z. JINR, E1-80-216, Dubna, 1980; JINR; El-82-455; 

Dubna, 1982. 
4. Strugalski z., 

1982. 
Pawlak T., ,Pluta J. JINR, El-82-285, Dubna, 

5. Kusnetsov E.V. et al. Instr. and 11easurement Technique 
(Russian PTE), 1970, 2, p.56. 

6. Strugalski Z. et al. JINR, El-~1-578, Dubna, 1981. 
7. Peryt W. et al. JINR, El-81-803, Dubna, 1981. 
8. Kanarek T., Strugalski Z. JINR, 1-3320, Dubna, 1967. 

Received by Publishi,ng Department 
on October 10 1982. 

II 

' 



TEMA'IWIECKHE KATErOPID1 nYBJIHKAUHA 

OB~E~EHHOrO HHCTHTYTA ~PHYX 
HCCJIE,nOBAHHA 

HH.aeKc TeMBTIIKB 

1. 3KcnepHMeHTanbHaR ¢M3HKa BWCOKHX 3HeprHH 

2. TeopeTH4ecKaR ¢M3HKa a~coKHx 3HeprHH 

3. 3KCnepHMeHTanbHaR HeHTpoHHaR ¢M3HKa 

4. TeopeTH4ecKaR ¢M3HKa HH3KHX 3HeprHH 

5. MaTeMaTHKa 

6. ~AepHaR cneKTPOCKOnHR H paAHOXHMHR 

7. ~3HKa TR*en~X HOHOB 

8. KpHore .. HKa 

9. YcKopHTenH 

10 . AaToMaTH3aUHR o6pa6oTKH 3KcnepHMeHTanbHWx 
AaHHWX 

11. Bw4HcnHTenbHaR MaTeMaTHKa H TexHHKa 

12. XHMHR 

13. TexHHKa ¢M3H4ecKoro 3KcnepHMeHTa 

14. HccneAoaaHHR TBePAWX Ten H *HAKOcTeH 
RAePHWMM MeTOAaMH 

15. 3KcnepHMeHTanbHaR ¢M3HKa RAePHWX peaKUHH 
npH HH3KHX 3HeprHRX 

16, no3HMeTpHR H ¢M3HKa 3a~T~ 

17. TeopHR KOHAeHCHpOaaHHOrO COCTORHHR 

18. HcnonbsoaaHHe pesynbTaToa H MeTOAOB 
$YHAaMeHTanbHWX $M3H4eCKHX HCCneAOBaHHH 
8 CMe*HWX o6na.CTRX HayKH H TeXHHKH 

' 19. 6HOCI»H3HKa 

LD 

CTpyran~cKMA s., naanAK T., nnoTa R. E1-82-719 
3KC08PMMeHTan~Hwe MCcneAOaaHMA CTOnKHOaeHMH OMOH-KCeHOH 
6ea PQ*AeHKK ~BCTM~ OpM 3,5 f38/c: aCMMMeTpHH a HCnycKaHHH npoTOHOB 

8 aAPDH-RAePHWX CTOnKHOBeHMAX 6ea poMAeHHA ~aCTH~, KOrAa HaneTa~e 
BAPQHW ~~ OTKnOHRGTCA OPM npoxQMAeHMM ~epea AApa-MHWeHH a COnpo&QMAeHHH 
MHT8HCMBHOrO MCOYCKBHMA HYKnOHOB, MO*HO ecTeCTaeHHWM o6pa30M awAenMT~ TPM 
nnocKOCTM - nnocKOCT~ paCC8AHMA HBneTa~ero aApoHa M ABe nnoCKOCTH, COOpA
•eHHWe C HeA; COOPR*8HHwe nnocKOCTM paCOOnD*8HW nepneHAHKynApHO K nnoc
KOCTH p8CC8AHMA, 06HBPY*8HW aCMMMeTpMM a HCOyCKaHHM npoTOHOa no OTHOWeHMG 
K ABYM M3 3TMX nnocKOCTeA. OpMBOAATCA 3KCnepMMeHTan~HWe AaHHWe, xapaKTepM
ay~e 3TH BCHMMeTPMM. 

Pa6oTa awnonHeHa B na6opaTOPMM BWCOKMX 3HeprHH OHRH. 

Coo&MitMe OCSl.e,qtttteHHOro MHCTMTyTa AA8PHWX MCCIIeAOIIaHMA, lb't5 ... 1982 

Strugalskl Z., Pawlak T., Pluta J. 
Experimental Study of th~ Pion-Xenon Nucleus Collisions 
without Particle Production at 3.5 GeV/c Momentum: 
Asymmetry in Proton Emission 

E1-82-719 

In hadron-nucleus collision events without particle production, when 
the Incident hadrons are deflected only in their passage through the 
target-nuclei accompanied by intensive target-nucleon emission, three 
planes can be naturally distinct- the hadron deflection plane and two 
planes simply related to it; the related planes are vertically situated 
to the deflection plane. Asymmetries in proton emission, relatively to 
two of these planes are found. Experimental data characterizing these 
asymmetries are presented. 

The Investigation has been performed at the Laboratory of High 
Energies, JINR. 
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