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ABSTRACT

The pt-69pendence of pt-alope demonstrates clearly a
plateau at Py = 2-4 Gev/c, separating low and high Py
regions, where the thermodynemical and parton descriptions

meke sense,




1, Introduction., The underlying mechanisms of high and
lnw-pt particle production in high energy hadronic collisions
are quite different, The former is dominated by the single
hard'scattering of pointlike constituents, the latter is rather
the multiple soft interactions of mewly produced partiélea. In
particular, the constituent interchange model [Tllia found to
be successful at p,z 3-4 Gev/c [2]. while at lower p, & good
description [3.4] is provided by the thermodynamical approach
[3,5-5]; If both of the approaches make sense, in the region
of py~3-4 Gev/c the experimental spectra should have some ir-
regularity corresponding to the transition from thermal to
nonthermal contributions, In this Letter we demonstrate, that
such & phenomenon does really exiat and naturally fixes the
applicability limit of both approaches.

At firct sight, the dafa [T-TE] on the pt-diatrihutian

a6 3
E E-;;(nmusu .pt,ﬂL ; = £ (m,s) (1)
P =—=lltsss ;

collected up to nuwlﬂemnnatrata a smooth, monotonous dependen-
ce on m, (= (H3+p12)1;2, M ia the mass of h) 1). So, the
pessimistic - )inion that one-particle inclusive spectira are
not informative is widespread. _

The situation changes completely, if one becomes interested
in the behaviour of the ;ggg;_(difrerential} characteristics
of spectra, In view of the parton description such characteris-
tics are the exponents M,N defined by the local (in my,8 va-

1 The use of m,, ingtead of Py is advocated, for instance,
in vefs, [4,13-15].




riations) fit:

f£(my,8) = consts(1 - 2m./ g1/?2 )M}mt-ﬂy (2)

At m, 2 3-4 Gev/ec M and N are approximately constant [2],
being in regsﬂnahle egreement with the expectations of the con-
stituent_intefchange model (CIK) [1],_but at lower m,. at va-
riance with CIM X rapidly drops.

In view of the thermodynamical description the correspon-
ding characteristics of spectra are obtained by the local (in
mtj fit ; \ _ o

f{mt,s) = ©,¢hvexp(- bem, ), (3)
where A is the dimensionless ;urmalization.canatant (6, =
1ib'G§vf?-n3] and the slope parameter b charecterizes the
effective production temperature of particles at given m, [4]:

T (b + (emy )™ ")~

gL,
Our main cbservation is that the dependence of Tgff on m,
is not monotoncus. gt m, o~ 2emd] Gevfcg we found a well expres=
sed platesu. in analogous plateau is also found for the norma-
lization Tzctor A.

Fig.1 demonstrates, that the existence of the plateaus is
supported by the data [?,8,10] of various experimental groups
and can hardly be ascribed to some systematics.

Fige2 shows, that both the location and height of plateau
for Teff are rather insensitive to the quantum nwnbers of pro=-
‘duced particles, as well as to the target E}. o, 0ne may con-
ciudé , that the origin of plateaus, as well as the underlying
particle production mechanisms should be universal for mny fi-

nal particle.

2) The lower values of T .. for antiprotons reflect pfesumn
ebly the inTluence of kinematical resirictions.

e

The energy dependence oif the heights T¢!£i'bf plmteats Gn
sletted in #ig.3. At FNAL energies each of the plateaus seems
to be sole, whileé at ISR energies some indicavions ic the e~

cond one appe&r (see sgain Fig.lc,d).

" xne'mcdqﬁ. A very elegant explanation follows. Ircm tﬁé
thermodynamical ﬁicture, developed in refa. [3—6.1?]. In.thi$ 
picture the production of high—mt particles is ascribed tﬁ fha
w]leareage" (or "evaporation") of particles ﬁ4,16-1?] fren: ‘the
very hot thermodynamical system &ufing its expansion,. The high-
er m, is produced, the higher temperature (and earlier stage
of expansion) dominates in its production, The highest tempera-
ture iz obviously the initial temperature of expansion. S0,
the aboveiisntioned plateaus may be aitributed to the initial
stage of (hydrodynamical) expansion, = ihis way the further
growth of ‘T 5. at mtﬁa =4 Gevfcz should be escribed to so-
me nonthermel nechanism, e.g. the hard scattering of partons.

The detailed estimates of the "leakage" at the initial sta-
ge of expansion are given elsewhere [ﬂ,6,17]. and here we only

summarizz them, Following l},1?], we write:

_ 4N ks
L =5~ ~ consts Axye Ateexp( -m, /T;) (4}
<P ; v .
where Axy; is the longitudinal size of system, Aui~dx, i: the

characteristic "lifetime" of the initial stiate with the ‘niiia.

temperature T,. In Landau's hydrodynamical model [H3] Ax, is
; i o ‘*1”!.-"

the Lorentz-contrected size of initial hadrons, At“Axjecs .

' CEI(1+cd] ;

The initiel temperature T,°¢ s sy Where c¢ 1is tlie s0~

und velocity in hadronic metter. Finally, we have:
2l

I Ej; o~ cnnst-s'1:exp( nmthi{a? s 9 (5)




Let us stress, that the predicted behaviour is universal for
any kind of produced particle in.égreament with data. Comparing
eq.(5) to the above data amalysis onme can see, that the depen=-
‘dence A ecs”! has a natural explanation as a consequence of
Lorentz contraction of primary hadrons. Fitting the dependence
0418 one finds 2

Ti(s)qc s = 0,22, in very good agreement

with the earlier independent estimates (for a review,see [6]}.

Js Discussion, The existence of initial state of hydrody-
namical system as it is assumed in Landau model [ﬁﬁ]ia a very
nonteiyial fact, Let us remind a lot of objections [19]to such
& picture and also attempts [3,6] to understand it in QCD fre-
mework., So, the detailed study of phenomenon, eapeciallﬁ at
highest ISR energies is of great importance.

The relevance of thermodynamics is supported by the fact,
that the estimates of Teff are rather independent of the kinds
of final particles (Fig.2). Its applicability up to m ~
3-4 Gev/c® is also verified by the dilepton spectra analysis|4)
Further studies, both theoretical and experimental are very de=-
sirable,

At ISR energies an additional step eppears at Teffﬂ-ﬂ.25-
0.28 Gev, (Figs.1,3), which may characterize an irregularity in
hydrodynamical expansion due to the phase transition [4.6] of
quark-gluon plasma to hadronic matter, The detailed study of
particles composition is crueial [4] in this region,

4, Summary and ennciuainna, We have analysed data [7-12]qn

the inclusive hﬂdrﬂnic gpectra in the region 8 un™ Sﬂﬂ, m, =
1=5 Gev/c® and have found that: ;
(i) The effective productiom femperature 'Teff grows with

-

Ve o

m; and 8. In the region of m ~ 2-4 Gev/c? its dependence on
m, has some platesu. The location and height of plateau are
not senaiti?q to the quantum numbers of final particle and tar-
get. The height of plateau grows with s,

(11) Por the normalization factor A in eg.(3) we observe
8 similar plateau at the same m.. Its height A; decreagses with
the energy approximately as s™', :

{iiii-ht ISR energies the plateau seems to be éplitted into
two steps, .

Although the experimental errors quoted are large, the phe-
nomenon is seen in data of different experimental groups, Its
more defailed and accurate experimental studies are badly ne-
eded,

A very plausible explanation is suggested by the thermody-
namical picture of of multiparticle production, in which parti- |
cle production in the plateau region is ascribed to the leakage
at the initial stage of expansion of thermodynamical system,

In particular, the observation ﬁincs'1 has a clear origin and
reflects the Lorentz contraction of the colliding primary had-
rons. The dependence of TinC'sﬂ*TB is also consistent with
the equation of state for hadronic matter [6]. The further
growth of T .. at m, 2 3-4 Gev/c® is ascribed to the parton
mechanism, presumably .CIHl?T ].

The author is very grateful to E,V.Shuryak f£ir numerous
considerations and support, and also to E.L.Feinberg, M.I.Go-
renstein, N.N.Nikolaev and G,M.Zinovjev for very useful discus-

g8ions of results,
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Fig.1

Fig.2

FIGURE CAPTIONS

The effective temperature Teff and normalization fac-
tor A versus transverse mass mge
(a,b) The lines represent interpolations of data [?].
(c;d) The solid and dotted lines are the interpolations
of data [10] and [7], respectively, The dashed lines are
henddrown through the points, estimated from date [8].

The effective temperature Topp versus transverse mass
Iy for hydrogen and deuterium targets. All the points
are estimated from date [8], The dashed line is handdrown
through the plun points for hydrugan t&rget.

The heights of pl&teaus versus the CM " collision en-
exgy /%, The points are estima.ed from: @,*, @ the
FNAL date [7-9] and 0,4, ¥ the ISR data [10-12],

The doubling of some ISR points reflects the splitting
of plateaus into pairs of steps.
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