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A study on particle correlations was done by sdanning a stack of
nuclear emulsion exposed to the 205 GeV/c proton beam at FNAL. The
307 events of 0 + n_ are selected to be analyzed. Among them 150

events have slow electrons ( mostly one ) and/or a track of its length
less than 3 um ( dirty event ). The rest without such a track is the
clean evnt which are considered to be proton-nucleon collisions.

" The correlations of prongs in their rapidities and emitted angles
( 6, ¢ ) are investigated for different multiplicities, even and odd,
small and large multiplicities. No significant difference in the
distributions of correlation quantities is found between in clean and
dirty events and also in even ( p - p ) and odd ( p - n ) multiplicity.
events. The short range and long range correlations are discussed by
considering independent emission from inclusive distribution.

1. The two particle correlations are studied by analyzing an emulsion stack
exposed to the 205 GeV/c proton beam at FNAL. Along-the-track scanning was
performed over the total length 1060 m and 2963 inelastic events were detécted.
Afong them, there were 436 events without heavily ionizing track which are
considered as proton-nucleon collisions. Measurements on the emitted angle of
each track with an accuracy around 10~"% rad were done for 0 + n_. The present

&9

data are from a sample of 307 events except n_ = 1 and coherent type ‘with

ns = 3,5 and 7. The latter are excluded under the condition Zmi sinez(i) < 0.06

GeV where m, and 62(1) are the mass and the emitted angle in &s of i-th outg01ng

1)

particle

2. As a step beyond the study of inclusive particle distribution, two particle
correlation studies are widely investigated(z). Still intensive studies from various
stand:point seems to be necessary. In this paper we study the correlations in
rapidity, azimuthal angle and emitted angle in cms. 307 0 + n_ events above

mentioned are firstly divided into dirty (D) events which have one or more electrons
.and/or ‘a track of its length less than and 3um and clean (C) events which have no
such a prong. Events are then classified to small ( n_g 11 ) and large ( n > 12)

multiplicities and also even and odd prongs. The number of prongs in each class is
shown in Table I. The average multiplicities for clean and dirty are also shown
and are a little bit more than hydrogen bubble chamber data.



- S 1 . Since the momentum is not measured

TABLE 1 - © | 1in our case, the rapidity is here defined
’ ' ! by

p+ EMULSION AT 205 Gev/c "

0+ Ns EVENTS EXCEPT COHERENT TYPE

== 1

Y,(1) = - log tan (6,(D/2), (M)

Y (1) =Y (i) - log (y + [y 2-1)
CLEAN 157 EV.  <TMs>=883 071 cm g ¢ e

CLASS  [No.of Pr. | No.of Comb. l - log B, (2)
L *
SMALL(neci1) | 871 3057 © and the emitted angle, 6 , in cms is
LARGE (ne212)| 516 3603 . estimated by |
EVEN 750 3547 o *
oDD 637 - 3113 : | tan (8 (1)/2) = Y B tan 62(1), 3)

DIRTY (e aNo/or RECOIL) 150 EV. (N> =9.05:0.7%

where Yo is the Lorentz factor of cms and

fr:éé E::i:;)) gi: zggi B is a correction factor for transverse
- . momentum such as B = <(P 2 + u2)1/2/P > 3
EVEN 496 2908 : t L E
oDD 862 4136 L Yoo B are 10.48 and 1.37 respectively in
: ! our case.
cf. B.C. <NMs>=7.68+007 To see the correlation, three
S e s ceme i —mmmsem oo T quantities, A¢, Ay and cos 6% ., defined

ij
. below are calculated for every combination
of prongs for each event.

by =y 1) - ycm(j) = yz(i) -y, (), Y, (3) > yg‘(j), | W

M= ¢(1) - 03D, | | ( (5

and cos 6% is the direct cosine between two prongs in ecms, The total number of

| )
the combination in each class is listed in Table I.

3. The distributions of the azimuthal correlation, A4 are shown for the classes

"of small, large, even and odd of C-events in Fig. 1 (a), (b), (c¢) and (d), respectively.
All distributions as well as those for D-events { not shown ) are almost uniform

which means no correlation. However, for clean small events there is a small

tendency of anticorrelation. In this case, if we select A¢ for small Ay, say,

< 0.8, this anticorrelation is enhanced. This shows that there is a tendency to

form a low mass clusterization.

4. -The inclusive Yem distributioms for C-events are presented in Fig. 2, The

. dispersions, o(Y) are calculated. The histogram are well represented by Gaussian
curves ( solid curves ) with o(Y). The distribution of small case is clearly
broader than that of large case. This may be due to the effect of diffraction
type mechanism. The similar distributions are obtained in D-events,
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' Fig. 1 Correlation of A¢ for C-events.

To make the correlation in Y clear, the following procedure is performed.
If the particle are emitted independently under the inclusive Y-distribution
which is the Gaussian curve with o(Y), then the AY distribution becomes the
Gaussian curve with dispersion /EG(Y). This no correlated curve can be compared
with experimental histogram as shown in Fig. 3.
In Table II, o(Y), /EO(Y) and o(AY) for all cases are listed. As can be seen,
o(Ay) is lower than /20(Y) in each case. Fig. 3 shows that the main difference
between AY distribution and the no correlated curve comes from small Ay region
where the data exceed than the curve beyond the statistical error. The difference
in small case is significant than that in large case. .
In the large Ay region there are no significant difference between the data and
‘the curve as shown in the side of Fig. 3. It can be said that some short-range
correlation exist and the iong-range correlation is not remarkable. The similar
distributions of ch and AY are obtained in even and odd cases.

5. In Fig. 4 the inclusive cos 6* distributions for C small and for C large
cases are shown. In small case, the distribution has the sharper peaks at
n = cos 6% = *1 than that in large case. This is essentiallysame with that o(Y)
"for the former case. is larger than o(Y) for the latter case.

To see the angular correlation, at first, the experimental n-distribution
is assumed to be expressalin the form of f£(n) = Zg=0 annZn . If particles

distribute uniformly in ¢ and haye no correlation, then we expect Z( = cos 6*15 )
* distribution such as
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is Gaussian curve with o(Y).

Ycm, aY — DISTRIBUTION
e(Y) J76(Y) 6(ayY)
SMALL | 1.502+.051 | 2324 +.072 | 2073+ .037
LARGE | 1.313+.058 | 1.856+.082 | 1.802+ .030
¢ EVEN | 1.437+.052 | 2032¢.074 | 1.934+.032
0oDD 1422+ 056 | 2011+£.080 | 1.928+.035
SMALL | 1.463+.051 | 2.069+.072 | 1.942% .036
b LARGE | 1.275+.055 | 1.802+.078 | 1.738%¢ .027
EVEN | 1.394:.063 | 1.972+¢.089 | 1.691 % .032
oDD 1464 +.050 | 2.070+.071 | 1.921% .030

The”soiid ilﬁé

for C-events.

":TF(Z) = 4m fE£(n) f(nj)

X S{Z—(n].Lnj+/1-ni2 /1—nj2 cos(44))}

Xdn dn, d(89). (6)

The obtained expression of f(n) is
compared with the histogram in Fig. 3
where the curve well stands for.

The experimental Z distribution is
compared with F(Z). Near at Z = %],
data exceed significantly than the
curves of F(Z), especially in small case.
This means that two particles are
correlated with each other in cms
;angle and sometimes are emitted in the
same direction and other in the

“~oppésite direction. This correlation seems to be explain in term of the low mass
clustering which rests or moves in cms. '



P
~

~~ -av _EveN = 37
c ~"T_‘(",!zoégo.ov

" Na.of Comb.
Y - ;)
S
T

200 '
: ! 4 | D
B '-‘ : : s el
Y LARGE ! - ~4Y. . 0DD L
58000 € - i 4800 : C | I!'G'(Y)- 2.0100.08 ,.
. E. : *
8 600 d26(Y)=1.66 i 8 ‘ d ,
.o-' ‘0-“ 'i .3 o'l
-] | (-] T
Z 400 = ¥
- ' .I 1
0 2 4 6 [} 10 % 8 10
R i’ig. 3 Correlation of."AY“ Eor C-events, Solid lines are Gauseian curvea
with J20(Y).
6. By using the emitted angleé and the azimuthal angles of the prongs in
each event, we investigate the particle correlations as well as the inclusive
" distribution. For even and odd multiplicity events, there is no significant S

difference on the distributions concerned with such as Fig. 1 (¢) (d), Fig. 2
(c) (d), Fig. 3 (c) and (d). The distributions for D-events are not ptesenﬂyhere,
* but these are not so much different with those fof clean events.

The particle correlations in AY and cos o* 1 are found by compafing independent

emission from the inclusive disttibutione. -The correlations are remarkable for
snall multiplicity events. C ' C e
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for small and large
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experimental formula.
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The solid curve comes from
the independent emission
with the inclusive
distribution.





