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Summary

A deviation from isotropy in the azimuthal angular distribution of
secondary particles of two and three prong pion-nucleon interactions is
observed in emulsion at 17>2 GeV/c. Attempts are made- using Monte Carlo
calculations for the interpretation of these azimuthal effects on the
basis of (i)the kinematics of reactions w*p-*prr'(kr?)anl Trp-nnt* T'CKTr0) and
(ii ) the diffraction dissociation of pions on nuclei. A new method is
given for the selection of the contribution of DD interactions from the
three prong events. Using this method ADD=(1065 - 288)m and Agd =(113 - 13)
are obtained for the mean free path of the diffraction dissociation in
emulsion at ~ 7 nnd 17*2 GeV/c, respectively. The possible Influence

of the IDeck—effect in case of the three prong events is also investigated.






1. Introduction

In the last years several attempts have been made to detect
azimuthal effects in the angular distribution of secondary particles
generated in high energy interactions at accelerator energies /e.g.[ 1]/
as well as in the cosmic ray energy region /e.g. [2] /. The importance
of these studies - as it was pointed out in refs, [5- 7] -'is given by
the following« If in the distribution of-azimuthal angles of secondary
particles a deviation from isotropy would be found, then this fact would
render important information about the production mechanism - especially
about the production of fireballs, or other resonant states associated
with large angular momenta.

The aim of the present analysis is to investigate the possible
azimuthal effects in pion-nucleon (TrHO interactions at 17»2 GeV/c. The
work can be taken as a continuation of a similar investigation, carried
out earlier on irR interactions at a primary momentum of ~ 7 GeV/c [8],
In that paper it was reported about an azimuthal anisotropy in the two
and three prong events, while at higher multiplicities such an effect
could not be detected.

Since the results of different authors [I] , [6 - IlI] concerning
the question of azimuthal effects are rather contradictory or inconclusive
it seemd to be worthwile to check our earlier results and carry out a new
measurement.

2. Experimental

For the present analysis a total of 928 Inelastic Tr N interaction
found in Ilford G5 plates by along the track scanning /for details of the
scanning and measurement see refs. [I12j[I3]/was usedx. The interactions sa-
tisfied appropriate selection criteria summarised in ref. [14]xx. This
sample of events containes mostly the inelastic interactions of the
primary pion on free and quasi-free nucleons and in a certain amount the
so called diffraction dissociation /DD/ events which also satisfy the
above selection criteria. Thus our sample is - apart from the DD events -
almost free from the more complex pion-nucleus / 4r / interactions, which
can maske the possible azimuthal effects.

yWe are indebted to the Alma-Ata group for kindly providing us with their

data concerning the 2-, 5- and 4- prong events, which are included in the
above sample.

XX
These selection criteria were the same, which have been applied for the
~7 GeV/c material.
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It is remarkable, that in. general the complex nuclear interactions
are not separated in the majority of the samples used so for investigating
azimuthal anisotopy.

3. Results

In order to detect a possible azimuthal anisotropy the frequently
applied "method of consecutive angles" [5]* [15] was used. According'to
this method the observed distribution of consecutive azimuthal angles
/i.e. of the separation angle ¢ = dl+1~<® between the azimuthal angles of the
successive prongs/ for events of a given multiplicity has to be compared
with the corresponding random distribution.

In case of azimuthal isotropy the probability distribution of &
for n-prong events is given by the following expression:

b(®bld = (n-1)AI - 2 ff 111

The observed distributions together with the random ones obtained from
expression /1/ for events having different number of prongs /n=2,3,4,5,
6,»7/ are shown in Fig.l. the curve for n* 7 was obtained by calculating
weighted average of the.curves for n=7,8,9,10,11,12, where the weighting
factors were the number of events of the corresponding multiplicities.

A x2 -test shows /see Table 1./, that in cases of the two and three
prong events, there exists a significant deviation from the azimuthal
isotopy, whereas at higher multiplicities such deviations could not be
detected.

Table 1,

Number of prongs
n p (x2)

0,01 %
0,01 %

cC O~
w
(=}
>
A

Calculating P(x2)t cells containing only a small number of particles were
grouped together, which procedure - though alittle arbitrary - is generally
used in x2- tests.



These results are in agreement with those obtained earlier at ~7 G-eV/c.
Our samples in neither cases contain events lying within 50”u, /in processed
emulsion/ from either surface of the emulsion, avoiding thus the biases
due to the omission of dipping shower tracks. The fact, that these unbiased
samples show a significant deviation from azimuthal isotropy is against
the conclusion of the authors of ref. [1J.

In order to get information about the possible cause's of the observed
azimuthal anisotropy of the two and three prong events, the following
analyses were carried out.

4. Analysis of the two-prong events

The distributions of the consecutive azimuthal angles are plotted
on Fig.2 for those events in which both of the charged secondaries were
identified and were found to be p tr /Fig. 2a/ or itir /Fig. 2b/ particles
respectively7? i.e, for reactions

™ p pTF"(KTTo) K _1)21,0» /2al
mp Tt (KTTe) k> =0,1,... /2b/

The isotropic distributions and distributions calculated by a Monte 'Carlo
method /the matrix element: of the interactions was chosen to be constant,
for the different channels, see Appendix 1./ are also drawn into the
figure.

One can see that
/1/ In case of reaction /2a/ there is, both in the

experimental and Monte Carlo distributions a pronounced and comparatively
narrow peak around ® = 180°/the interval 150° <¢< 210° containes
46 % of all the measured events/. This peak is much less pronounced and
narrow for reaction /2b/as can be seen from both the experimental and
Monte Carlo distributions /the same Intervall containes only 20 % of all
the measured events/.

For these distributions appropriate geometrical factors were used
/see refs. [12,][13]/.



/2] The Monte Carlo curves agree quite well with the experimental
distributions except at the very edges for the reaction /2b/. This is
probably due to peripheral collisions where the ir+ and it particles
are emitted from the upper vertex at small angles with the primary direction
in the laboratory system, which process was not taken into account in our
Monte Carlo calculation.

2 . . L
The result of a x ~-test for the isotropic and Monte Carlo distribu-
tions can be seen in Table Il. In the last column of the table, p' (v2)
means the Pearson probabilities if we do not take into account the first and
last cells.

Thus our analysis shows, that the observed deviation from isotropy
only partly can be explained by the kinematics of the processes.

Table 11.
reaction A (X 2) pPMC(x ) Prciv2)
[ 2al 0,01 % 14 .. %
/2b/ 0,2 % 0,0 % 23 %
total 0,01 % 3 % 50 %

with n = 2

5. Analysis of the three-prong events

As it was mentioned before, the three prong events have a certain
contamination of DD interactions [13) t[16-18] .
Therefore our sample is subdivided into three partss

(a) Events containing an identified proton. n
(b) Events without an identified proton, for which I sinG”™ > 0,44
/where is the emission space angle of the \-th track/.

3
(c) Events without an identified proton, for which- \ sin0 <
<0,44ji.e. the DD-candidates. i=1

The azimuthal angular distribution of events belonging to subsamples
(a), (b) and their sum can be seen on Fig. Ja /distributions quoted by
1,2 and J/. The corresponding random distributions are also indicated. As
can be seen from the figure and from the values of P(x2) /indicated on the
figure/ there is no azimuthal effect in either cases.



The distribution of subsample (c ), however has a shape quite different
from that of the random one. It has a peak at around & = 180°, and after a
rapid fall, a tail at @& -values greater that &= 210° /see Fig. 3b/.

This characteristic shape automatically suggests the assumption that
this subsample consists of two types of events} (i) events, which yield the
isotropic part of the distribution, and (ii ) events, which cause the deviation,
from isotropy.

In order to separate this two types of events a straight line was
fitted to the tail of the distribution and it was extrapolated down to ®= 0°.
Then subtracting the area under this line from the distribution of events
belonging to subsample (c¢c) a new distribution corresponding to the events
causing the deviation from isotropy can be obtained.

A comparison of this new distribution /distribution 1 in Fig.4/ with
that calculated by Monte Carlo method for DD interactions /for details see
Appendix 2./ of types

T SY XA, p°7T— /13al
and
it sy L AEIN /13b/

*

where x“* is the coherently produced system having an effective mass m* |,
shows /distributions 2 and 3 in Fig.4/, that there is an excellent agreement
with the distribution caloulated for reaction /3a/. Thus we can conclude
that the distribution obtained by the above procedure is due to only DD
events /presumably of type /3a/ /. This means that this "subtraction”
procedure gives a possibility to select DD events from a sample of three

prong events.
n

Knowing this result,we can make the subtraction more precisely, elim-
inating the inaccuracy in the extrapolation-. Denote by y* the number of
angles in the i-th cell in the consecutive azimuthal angular distribution,
by mt and h-t the same quantities obtained by the Monte Carlo calculation for

In this calculation the spin parity assignement of the -system was
not taken into account since it is shown in Appendix 2, that the shape of
the distribution of consecutive azimuthal angles is not sensitive to the
possible spin parity assignements.



reaction /3a/, and from Eq. /1/, respectively. Then the expected value of
y. will he <y; >= Amy + Bbg where A and B are the constants to he determined”
and the probability that in the i-th cell yj is observed instead of<yj >is

Applying the maximum likelihood method, A and B were determined.

Using the obtained values of the constants, the real number of DD-events
INDD/ among- the events belonging to subsample (c), /N(c)/, and thus the mean
free path of the DD process in question in emulsion, can be obtained*. The
calculation was carried out for the ~7 GeV/c material as well**. The results
can be seen in Table 1U.

Table I11.

Nnco A B . rhz Nep DD

172 Gevie  1Ib 26 + D X +2 851+95 Cl5+ 15m
~7  GeVic 20 280+ 76 310+ 78 95+25 (1065 + 283m

It is worth to mention, that if this subtraction procedure is applied to
all the three prong events the result for excelletly agrees with the
result shown in Table Ill, which shows the roliablity of the method.

In case of the~7 GeV/c material the result of a separate Monte Carlo
calculation corresponding to this primary energy was applied.



The above values of /1 are within the interval obtained earlier
[13 ] from the same materialx

C61 + 5)m < Add < ( 300 + 83)m
(655 + 131)to < A7 GeVic < C1600 + 800)m

The possible influence of a ir-n->-np0ir Deck-mechanism [19] to the shape
of the distribution of consecutive angles was also investigated, by a separate
Monte Carlo calculation /see Appendix 3/« The calculation yielded the
following results: 3
a. / Only 10 % of the generated events fulfillés the ~I*sinQjfO, 44 criterion»
b. / The maximum of the consecutive azimuthal angular**’distribution of events

fulfilling the ySlnG <0,44 criterion is a little shifted towards lower
® -values' comparmg with the distribution of DD process /see Fig.5a/
c. / The shape of the distribution of events having ”» sinG.”*0,44 is very '
different from the experimentally observed one /see Fig. 5h/.

If the small enhancements /hatched areas in Fig. 3a/ in the distribution
of events belonging to subsample (b) in the regions 120° s ® ¢ 150° and
180° N & <210° are supposed to be due to Deck mechanism, then the contribution
of the Deck mechanism /in case of subsample (b) /can be estimated as s 10 %
/which correspond to < 17 events/ and it is neglible for the subsample (c).

6. Discussion and conclusions

1./ Analysing the consecutive azimuthal angular distribution of itn
interactions at 17,2 GeV/c, azimuthal anisotropy was found for the two and

three prong events. At higher multiplicities azimuthal effects were not
detected.

x The lower limit was obtained using selection criteria
1» Ng = =0
2, | sin < 0,44,

while for the upper limit three more criteria were used:
3, aII the three particles have to be identified as pions.

4, 200 MeV/c, where is the transverse momentum transferred
to the nucleus

5, £ E > 017 Eft, where E and E. Eire the total energy of the
primary and°of the i-th pion.



2. / As concerns the two prong events it was pointed out that the
anisotropy found can be partly attributed to kinematical effects.

3. / As concers the three prong events the observed anisotropy was
found to be due to DD processes.

4. / A new "subtraction” method was found for the selection of DD-
events from a sample of three prong events. Using this method

*DDGeV/C = C1065 + 288)m and A ~'2GeV/c = (113 £ 13)m

were obtained for the mer- free path of DD-processes at ~7 and 17»2 GeV/c
primary momenta.

5. / Since in DD events there is an azimuthal anisotropy, one can assume
that the azimuthal effects found in cosmic ray Jets /mainiy in secondary
ones/ having small number of heavy prongs and shower particles /e.g. refs.
[20] , [21]/ are partly due to DD processes. Thus it is desirable to study
separately the azimuthal effects of DD and non-DD events in the future
cosmic ray works.

6. [ The absence of azimuthal effect at charged multiplicities n > 3
/lapart from the DD-events/ can be attributed to the foilwing cause:

Inelastic channels of different multiplicity are superimposed at a given
number of charged prongs and this superposition can yield a nearly "random"
distribution in spite of the possible azimuthal effects in the separate
channels.

Therefore the possibility of the production of fireballs at this
energy is not necessarily ruled out. /As a matter of fact fireballs
production was detected by e.g. C.W.Akerlof et al. [22] in p-p collisions./

To get more information in this respect, it seems to be worthwile to
investigate azimuthal effects using the "method of consecutive angles" /or
an improved, more sensitive method/ in the separate inelastic channels, and to
study the azimuthal correlations between likely and unlikely charged
secondaries.

The authors are grateful to Dr. P. Kirdly for his critical comments.



Figure captions

Fig.l. Observed and calculated from eq. /1/ distributions of
consecutive azimuthal angles for events having different
numbers /n >2/ of prongs. The dotted line in case of n=2
corresponds to the Monte Carlo distribution.

Fig.2. Distributions of consecutive azimuthal angles
observed a./ in reaction /2a/ and
b./ in reaction /2b/.
The dotted /—-—--------—-- / and the broken lines
correspond to the Monte Carlo and the random distributions
respectively.

Fig.J. Distributions of consecutive azimuthal angles for three prong

events belonging

a/ to subsamples Ca) /distribution 1/, (b) /distribution 2/

and to their sum /distribution 3/ and
o/ to subsample (c).
The straight lines correspond to the random distributions.

Fig.4. Distributions of consecutive azimuthal apgles obtained by the
subtraction method /full line/. The distributions drown with
dotted [/ --------m-mmmmmmme- / and broken lines correspond

to Monte Carlo distributions calculated for DD-interactions
of types /3a/ and /3b/.

Fig.5. Monte Carlo distributions of consecutive azimuthal angles of

three prong events corresponding to Deck mechanism and
al satisfying the £ sin0. <0,44 criterion
b/ do not satisfyin'a the "above criterion.
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Fig. 4
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Fig.5.
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Appendix 1.

The distributions of consecutive azimuthal angles were calculated
for redaction channels ,
pir- 'I'I"’l
0
ptr 27

pTr 31'r0

[T+ 1r-
mr+1r- 7T°
nir+ 70 2ir*

WwT+IT 317

separately by generating these types of many body final states supposing
a uniform distribution in the phase space; i.e. supposing a constant
transition matrix element /for the detailes of the programming of this
calculation see in ref. [25,]/« The result of these Monte Carlo distribu-
tions can be seen in Fig. Al

These distributions were summed up using the measured proportions
[24] of the above reaction channels as weighting factors. Distributions
thus obtained are compared with the experimental ones in Figs, la, 2a and

2b.

X
Reaction channels with more then 3tr° were not calculated since their

relative occurence are very small [24].



(R rbrary

Jig.Al. Mente Carlo, distributions of consecutive azimuthal angles
calculated for reactions T1r-p -»pll- (k1T°) k=1,2,3 and
Trp*mTre c) k*=0,1,2,3
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Appendix 2.

A distinct Monte Carlo program was written for the generation of
coherent events using the kinematics of coherent production. The method of
generation was the following. A value for the effective mass /Mx/ of the
coherently produced system was randomly chosen from the experimentally
measured distribution given in ref. e The momentum, transferred to the

target nucleus /in ourcase to a carbon nucleus/ was calculated by choosing
random trtransverse momentum from the distribution
r

4i if 200 MeVl/c
fUa) dgi = <

o if qgq2> 200 MeV/c

The longitudinal component of this momentum was determined by the use of
the formula

MA + po M* - m_
q.. *j 5
VRP, 2P
where is the mass of the nucleus and PQ is the primary momentum in the

laboratory system. /They were set equal with 12 and 17s2 GeV/c respectively./

Then the momenta and the azimuthal angles of the three pions were
caleulated in the laboratory system assuming that coherently produced
XM system decays in its rest system as

XM, mp<v o+ TrHT- 11/

\Y 111/

To take into account the possible spin effects, a further calulation
was made for reaction /i/, in which the experimentally measured distribution
[26] of the direction of the normal of the decay plane in the rest
system was used. /These distributions can be attributed to the possible
1+ or. 2~ spin-parity assignements for the produced system./

The results of the above calculations can be seen in Fig. A2.



Fig,A2.

Monte Carlo distributions of consecutive azimuthal angles
of DD-events of types a/ 4JT ‘®jTatm m

and b/ Ty WmYp°n-
Distributions drown with full and dotted lines correspond
calculations, including and neglecting spin-effects,
respectively.

to



Appendix 3

In order to see the effect due to a rn emnp°ir" Deck mechanism
[19]» J?he distribution of consecutive azimuthal angles was calculated by
Monte Carlo method. The calculation was carried out by integrating the
Deck matrix element on the nprr phase space with a value of the diffraction

peak parameter k=9 Gev The matrix element corresponding to the graph
in Fig. A3, can he written as:

2 -Kt
e

3)

(x - U2

MIm

where 02=(q]+92)2, t = (g*"p”~ 2, A=(g3~p2)2 and the symbols q, t, A
correspond to the notations of Fig. A3»

Fig.A3. Graph corresponding to the Deck mechanism in then-n —np0*-

reaction. p*,p2,97,92,93, 4 and t are the four momenta
involved in the interaction.
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