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It is shown that taking inte aceount the transverse momenta
of clusters, one obtains for the short range correlations formulae,
which are about as simple as those wellknown for the pp = 0 case,
but agree much better with experiment,

( Partlcles produced in hlgh energv hadron-hadron collisions
exhlblt short ran?e posn:we (atitractlma) oorrelatlons For recent
data see refs, (1) and (2). It has been noticed by a number of people
(refs. (3 9)) that these correlations can be easﬂy exp»lamed if the fi
nal particles are decay pr@ducts of clusters, Whlch have spherically
symmetrical decay distributions, Simb‘ie;hh;lytié formulae for the
short range part of the correlation functlon have been derived assu
ming that the decaying clusters have zero transverSe momentum,
More-general cases have been studied by Monte Carlo methods.

Here we show that for correlations among pions the simple
analytic formulae can also:be derived, when the -condition of zero

lu

transverse momentum for the cluster is relaxed, Using for the mass
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and transverse momentum distribution of the clusters the estima-
tes from ref, (10), we find for the short range part of the correla-
tion function :

oy e

(n, -
C(nl,, nz) = K exp{- 2 . c~0,6, (1)

4 02 o
where 14 and n, are the pseudorapldltles (M= 1n ctg 2) of the ‘rwo
particles, and K (see derivation) is a constant, Previous analvtw
formulae were giving ¢ ¥ 0,9 (note that we are using pseudorapidi-
ties, so that the finite mass corrections given e, g, in ref, (11) are
not applicable), The recent experimental estimates are ¢ = 0, 65
"~ from ref, (1) and 0 =0, 60 from ref, (2),
o The derivation of fo;rmula {1), which is a simple extension
of the derivation given for the pm £ ‘0 case in réf.'(é),, | is as j;foilo{vsa.
Let us consider a cluster with mass M, transverse momentum pmp =
= MsinhY, and 1ongitu«dih:al momentum py = 0, The assumption
pr, =0 is not very restrictive, 'because with respect to Lorentz trans
formationsalong the beam axis the resulting formula (6) is almost in-
variant (it would be rlgorously 1nva:rlant, if the pseudot'apldltlew we

re. replaced by rapldltlps) Consequ«ently, 1t is not neceSSar zrj sSpe

1(’.)

cify in which Lorentz frame py = 0, The single particle density in

1 for the decay products is

p(n)

d s8 g

where the subscript "o" refers*to: quantities-evaluated in the rest
“frame of the cluster,
Using the Lorentz transformation
E, = E{coshY -~ =—==—cos @) (3)

and making the ultrarelativistic approximation P »E {see discuss-
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ion at the end of the paper, this approximation is not applicable for

particles heavier than pions), we find.

n "~ coshyY

p(n) = = 2”] 3/2- , | . (4)

2 cc»shzn }f--lk s:inhz Y tgh”

where n is the number of particles considered (e, g, of positive

pions) among the decay products of the cluster, For Y = 0 this den
sity reduces to the familiar cbsh"zn distribution, As well=known,
for Y = 0 formula (4) may bewcilo's.ely approximated by a Gaussian,

We found that in the whole region 0 €Y € 2 a good approximation is

72
oo fm T 264y Y
P("I) o (Y) l/; © . (4)
where -
—-——-—3;———-——— = 1,161 cosh® v - 0,277, (5)
2 6(Y)

The choice of the "best" value of o(Y) deserves a com=-
ment, We assumed that (4') should aggr’ee with (4) as to the value of 7
where p(7n) = % p(0). For Y = 0 this yields ¢(0) = 0_75,-1Which is
smaller than the value 6(0) = 0, 91 derived by cosmic ray physicists
(cf. e.g. ref.(12)) from the condition 62(0) = j;)oo xz cosh"’2 x dx,
We think that our choice corresporids more closely to the kind of fits
made in refs. (1) and (2). o

The short range pért"bf’ the correlation function correspond
ing to the density (4') is (see ref. (5) for a discussion) s

. ’ l »u~ ‘» 2 i 6/' ) 2
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Clny, my) = N —P—(f—l-é—l-)-« e )y, A0

2w o (Y)

(6)

Here N, n, H (capital n)deno’cereSpectLVely the number of clusters,



the multiplicity in the decay of one cluster and the pseudorapidity of
the ¢luster. The brackets > denote averaging over N, n and H,
The result of averaging over H depends on the experimental situa-
tion. In the two most interesting cases, however, when either H has
a flat distribution in a range large compared with ¢ (Y)(l),.. or one
of the pseudorapities m; is fixed and no other constraints on H are
imposed(z), averaging over H introduces an additional factor o(Y).
Assuming that N and n are not correlated to Y we have therefore:
)2

(7?1 b ’rlz

i, ng) = =iy e A0 (7)

where K does not depend on Y, Averaging (7) over the distribu-

tion(lo):
2
)
d - PP -
Jﬁ}”%-: pe ' B=1.1Gev™?, (8)
\ p2
we find finally (n -1 )2
o2
Y T erielS . 402
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262(0) 1,161 46°(0)

K and K!' are constants, and in the Gaussian approximation ¢ =0, 605
so that formula (1) is obtained,

Finally, let us discuss the ultrarelativistic approximation
P~¥Ei.e. m~ 0, The correction of order m? to the single parti-

cle distribution is

©
-———-—2 B - 1 |
m : -2 coshY J 1 ay
(n) = f P f(E_)E“dE_|-= e - 1
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For Y = 0 this correction vanishes, Otherwise it can be split into
two terms by opening the square bracket, The first term just renor
malizes the leading term (4), The second gives a negative, approxi
mately Gaussian distribution, thus it makes the total distribution
broader, The normalization of this term depends on the form of the
function £(E ), Putting f(E.) ~e”FFo, with § fixedto get <E >
= 375 MeV as in ref,(10), we found that for pions, at 7 =7Y = 0 the
negga'biw}ea term is about 11 per cent of the renormalized main term,
Thus, for pions it is a reasonable approximation to use P~ E. For

heavier particles our derivation is not applicable.

The author thanks Profs, A, Bialas and M, Le Bellac for di
scussions and Profs, G, Bellettini and M, Greco for hospitality in

the Frascati National L.aboratories, where this work was completed,
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