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One of the most important experimental results
obtained at the largest modern accelerators is the disco-
very of secondarl/es with large transverse momenta in
pp -collisions - I The essential difference in the
particle behaviour at large and small transverse momenta
regions is seen from the following table presenting expe-
rimental data available.

In the most multiparticle models transverse momenta
distribution of particles is postulated without serlous
foundations. The Hagedorn statistical bootstrap model 2
is considered as one of the most consistent explanatlons
of the transverse motion of secondaries. In this model
the transverse motion has purely thermodynamical nature
while the hadron system temperature does not exceed
the ultimate value T,(T, =m, ). Longitudinal motion of
hadron matter is fitted phenomenologlcally Then it is
possible to get a good agreement with experimental data
at p; < L5 GeV. However, explanation of large p
particle behaviour encounters, in this approach, serious
troubles. Note, that despite the number of secondaries
with large p. is small their study is, nevertheless,
of much importance.

In this note a possible interpretation of the secondary
transverse momentum distribution is considered in the
Landau hydrodynamical model ‘3. The hadron fluid
temperature at initial states of motion, in this model,
may considerably exceed the ultimate temperature T,

It is just the presence of large initial temperatures that
we relate to a possibility of appearance of large p. -se-
condaries. Note, first of all, that though the "hadron
fluid ultimate temperature does not exist in the hydro-
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dynamical approach, the character of transverse motion

in this model turns out to be very similar to that in the
Hagedorn model. Due to the Lorentz contraction of the
initial volume of the system along the collision axis the
fluid expansion is essentially anisotropic. For not very
large initial energies (including the considered energy

region) the quasi-one-dimensional approximation is valid
with a good precision/*/. This approximation means the
one-dimensionality of hydrodynamical motion along the
collision axis. In the transverse (to the collision axis)
direction, the heat motion is determinative at the moment

of fluid element decay to the secondaries. At that time
the fluid element temperature reaches some critical
value T, =m_ . This critical value in the hydrodynamical
model is close to the value of ultimate temperature in
the Hagedorn model. The longitudinal motion is directed
by the solutions of one-dimensional relativistic hydrody-
namic equations 5/ at the state equation fixed /6/

p:cozg, 0<C‘2)<1 ey

( p is the pressure, ¢ - the energy density, c(z) - the
constant with the physical meaning of the sound velocity).
The results obtained in such a way :}17'? in rather good
agreement with experiments and lead to the quasi-
scaling behaviour.

The existence of large initial temperatures in the
hydrodynamical model, however, manifests itself in the
effect of particle emission at the hydrodynamical expan-
sion stage at T>m_ . This possibility crucially dis-
tinguishes the hydrodynam/ic;ll model from the model with
the ultimate temperature <’

Let us suppose that there is a particle emission from
the surface of the expanding fluid at the one-dimensional
hydrodynamical motion stage (for brevity we will call
this effect as “evaporation”). If a fluid element with the
coordinate x at time t, possessing by velocity v (x,t)
along the collision axis and temperature T(x,t) emits,
in its rest system, secondaries ( = -mesons) with the
isotropic Boltzman distribution, then we find easily the



resulting distribution in the directiqn perpendicular to
the collision axis as follows:
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)=C [dtdx exp[-

f(E,,p 2
+ T (x,0)0(1-v3(x,0) ' /2 @)

Here integration is performed over the one-dimensional

motion region, and C is some constant. From )]
for system with the zeroth chemical potential one gets:
T =conste 1+ 002 . 3

The value of constant is found from the condition of the
use of tﬁhe ideal gas statistics at the decay moment

(T=m_)"%". Finally, the initial temperature value is
2 2
. ( E(2) (0/(1 0'(0)
=m ) .
0 7 8/3 m_ M 4)

In (2) T and v are the solutions of relativistic hydro-
dynamic equations, and one can easily see that the do-
minating contribution at large p S comes from the
initial stage of motion (T =Ty ; v=0). The use of the exact
solution of one-dimensional hydrodynamical problem
allows one to obtain rather easily the estimate

2m,,2) ] ( TR
exp(— -
Ey 2 T,

(E,.p )=C(

L ), - 6))

where M is the proton mass. Therefore, the evaporation
effect leads to the Boltzmann distribution over P in
the normal to the collision axis direction and will.h the
temperature equal to its initial value (4). In the large
p region heat motion at the decay moment gives con-
siilierably smaller contribution (see Fig. 1) of the small
value of temperature.
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Compurz'soh with Experiment

1. Comparison of (5) with experimental data (consi-
dering C02 as a free parameter)reveals good agreement
with experiment (for 20 GeV <E < 50 GeV) in the
region p; > 3-4 GeV (see Fig. 1). For <:2O then we
get the fitting value:

Gl so0. (6)
0 5 ’
In the region p; < 1-1.5 GeV the correct description of
experimental data is given by assumption of heat motion
at the decay moment with T-T,, =m_ .
In the intermediate region 1-1.5 GeV<p, < 3-4 GeV

several factors are important (evaporation and decay

contributions are of the same order; correction to the
formula (5); consideration of transversal hydrodynamical
motion), all these corrections improve agreement with
experimeant.

In the region of extremely large p| the use of the
canonical ensemble (theBoltzmann distribution), which
does not take into consideration the energy-momentum
consideration law, is no longer valid. The use of the
microcanonical ensemble makes temperature fluctuations
possible which leads in the region puL > T, 1o the
effective increase of temperature.

2. Due to the very sense of the evaporation effect
the particle emission probability depends on its mass
/"2< f
vP +m
4 ). Itis

through the statistical factor exp(- 3
clear that in the region of large T, and p+ (p+ T0>> m 2 )
the m -dependence is not essential.

Therefore we must expect considerable increase of
heavy particle fraction as compared with the region of
small p+(p4_ ~1GeV), and, respectively, low temperature
T=T_ =m, where the fraction of heavy particles is
expoﬁéntially small. The correct explanation of the se-
condary composition in the region of large P; is consi-
dered, as we think, to be an important argument to the
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proposed evaporation mechanism/8/  Thus, for instance,
explaining the transversal motion as hydrodynamical ex-
pansion secondary composition at large p- is the
same as that for smallp, becausethe former as well as
the latter appear at the same temperature ch ~m_ .

3. Immediate comparison of (5) with experiment at
cf) =1/5 gives the correct dependence f(EO,p4) onE,
at P fixed (p+ > 3-4 GeV).

4. If the p )| secondaries distribution atp; > 3 GeV
and pu £0 (for example at x=2p | /Egq fixed) is
considered, it is clear that secondarieg evaporation from
fluid elements with T <T, and v>0 will contribute
to this distribution too. However,this contribution will
be essentially smaller than that from the v =0 and
T =T, region.

5. The hadron system which is produced in pp-col-
lision has large electric charge density. This fact could,
to some extent, favour the exceedingof 7+ number over
7~ number at large transverse momenta.

On the basis of the above consideration one may
conclude that the proposed mechanism of particle evapo-
ration in the hydrodynamical model of multiparticle pro-
duction explains rather well both qualitatively and quanti-
tatively (at <:02 =1/5 ) the basic regularities of particle
behaviour in the region of large transverse momenta.

In conclusion let us discuss some specific features
of initial state. The central collisions only are conside-
red in the Landau hydrodynamical model. It is possible,
however, to take into account peripheral collisions phe-
nomenologically, assuming that the inelasticity coefficient
k  changes from collision to collision (i.e., that the
fraction of initial energy for producing a statistical
system is changing). In this case also the initial tempera-
ture of the system Ty can change from collision to
collision at E, fixed ( Ty is large atlarge k and
small at small k ). By the very meaning of the evapo-
ration effect the large p secondary production is an
evidence of large initial temperatures. We thus conclude
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that in the collisions with large multiplicity ( k large)
the probability of large p, secondary production is larger
than that in the collisions with small multiplicity ( k

small). This fact is supported by experiment, too.
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