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ABSTRACT
* A fit to the transverse-momentum distribution is performed,

in the context of the hydrodynamical model. By fixing a (total-
energy-independent) dissociation temperature T and a transverse
fluid~rapidity distribution whose width increases logarithmically
with s, the existing data can be reproduced in all the p; interval
(wheretng% varies by a factor of 10'10) including their energy
dependence. The final inclusive cross section appears to be

approximately factorized in the longitudinal and the transverse

rapidities, as verified experimentally.




I. INTRODUCTION

One of the most intriguing features of the large-pl data,
when compared with the small—pl ones (which can be fitted by the
well known exponential fall exp[-6p;]), is undoubtedly the
change of behaviour of the cross section, which becomes much
flatter and also energy dependentl-S). Usually, such a feature
is attributed to the existenée of hard-scattering processes
between the incident particles or their constituents®). 1In the
present paper, the same data are, instead, analysed in the

context of the hydrodynamical mode17'8).

Although hard-scattering
mechanism is absent in this model, the agreement with the cross-
section data is better than, or at least as good as those .
obtained by other models based on guark-parton ideas. This
means that, as far as the single-particle distribution is

concerned, there is no evidence of the necessity of the hard-

scattering mechanism, although this is not otherwise excluded.

I1. THE MODEL

In the hydrodynamical model, it is assumed that when two
high-energy particles collide, all the energy is released in
a very small flat volume V in the center-of-mass frame. This
highly excited system expands, then, just like a classical
relativistic fluid, until it reaches some criticalitemperature
T, when the constituents particles may be considered free.

The basic ingredients of the present calculation are,

therefore, on the one hand a fluid-velocity distribution which

will be discussed below and on the other hand the thermal




motion of the final particles (assumed to be neutral pions)

inside a fluid element’!. The latter will be taken into
account through Bose distribution
—
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where D is a normalization constant, T(X uﬂ) is the dissociation
temperature and the distribution above refers to the rest frame

of each fluid element.

Up to the present date, the hydrodynamical equations giving
10)

the fluid's motions have been exactly solved only in one
special case, namely that in which all the transverse motions
are negligible. 1In this case, the longitudinal-velocity
distribution is approximately given by
t
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where u"

are the components of the four velocity of the fluid,
a 1s its longitudinal rapidity and the parameter C(s) can be
evaluated and behaves as ~ (gn s) L

For the three-dimensional motions of the fluid, no satis-

factory result is known until now. By using a symmetry

argument, Minh Duong-van and Carruthers proposed that the

transverse-velocity distribution be represented byll)
2
> df - B2
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where, according to their proposal, B= constant (which they
estimate to be = 1) and eq. (3) already represents the inclu-

sive cross section at 90°. ¢ in eq. (3) is the transverse




rapidity.

We partially accept their argument, namely combining egs.
(2) and (3) we parametrize the velocity distribution of the
fluid in terms of the rapidity variables o and £ as

—Cx-B%#"
u°.3l§f- = A@ (4)
du

However, even leaving aside the question whether eq. (4) really
represents the prediction of the hydrodynamical model or not,
there still remain at least two points which must be carefully
examined.

First, it is not reasonable to assume that B in egs. (3)
and (4) is a constant. This is because as the energy of the
system increases,so does the expansion time (t“/E in the case
of one-dimensional expansion). Consequently, the transverse
expansion is the larger the higher is the energy and the "width"
1 grows with the energy in much the same way as c™l. Although
the exact s dependence of B can be obtained only by solving
the hydrodynamical equations for the transverse motions, a
task which as mentioned above not yet satisfactorily accompli-

lrnzn s with a much smaller

1 12)

shed, a rough estimate shows that B~
(v 0.1) proportionality factor as compared with c In
this paper, we prefer to leave B as a free parameter
and fix it for each energy using experimental data.

In the second place, the distribution given by egs. (3) or
(4) should not be compared directly with the inclusive cross
section, as done by those authors, but the thermal motions
should also be taken into account. This would cause an

additional widening of the distribution given by eq. (4) and,

for a very narrow transverse-velocity distribution (B large)




such as the one expected intuitively, would affect especially
the small--pl region. It is easily seen from eq. (1) that,
there (but P, 2 uw) the inclusive cross section would fall
exponentially like exp[—pl/Tﬂ + in complete accordance with
experiments.

In short, we propose to represent the inclusive cross
section as a convolution product of the fluid's velocity dis-
tribution given by eq. (4) with the thermal motions given by
eq. (l). Since comparisons of this kind of calculation with
experimental data for small P, and along the collision axis

have already been carried out by other authorss'g)

, showing
excellent agreements of the model with the existing data, we
fix our attention only to the large-angle data, especially to
those at 90° in the center-of-mass frame.

Before proceeding our presentation, it is worth while to
call the readers attention that the parameters C and T in egs.
(1) and (4) are essentially fixed by the hydrodynamical model,

whereas the product AD becomes uniquely determined once B is

chosen. That is, the only free parameter in the present calcu-

lation is B.

III. EVALUATION OF w 92

->

dp

First, we rewrite the four-velocity u in eqg. (4) in terms

of « and £ and the azimuthal angle ¢: ]
3
w=chudhy  w's hucdt u'=shTen?, urshg

It is seen that the relation u”uu=l is automatically

guaranteed by this parametrization. From eqgs. (5), one obtains
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By Lorentz transforming eq. (1) to the center-of-mass frame,
expressing all the quantities in terms of a,f and ¢ given above
and doing the convolution of this with eq. (4), the inclusive

cross—-section is written as

a = Bg® Cut
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Next, we substitute the energy and the momentum of particles ¢

in terms of their longitudinal and transverse rapidities %'and

y,:
w=pchyduy pu=pbhy, d&g_,_/ Po=pbhy, @
The expansion of the integrand in series gives, then
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The integration in ¢ gives

2T Io(’%—ﬂdyi_ .4&5) ,




In order to evaluate the integral in o, observe that C<<1,
so that the integrand behaves essentially as
n
ondl, X bxk{ -*Bd\gJ_digdx(d’jq ; .
2
Having this in mind, we substitute e 5 € by e 9:1 and, after

thlS, the use of the known result

fdou/x/,{ ﬁ#cﬂ%_c/»?d{(d 4,) )b 2’%(—7#“4?4 Az )

transforms eq. (9) into
50

dg "C" 1L lq
- ~4TAD @ (‘L)g fa&fdge

Z

x 1o 22 oy, ad3 ) Ko ( 2k chy, A3 )

(10)

Notice that, in this approximation, mg%

dp

appears factorized

with respect to the variables x,and Y,

It is clear from eq. (9) that this approximation ceases to
be valid when Yy becomes larae.

After the differentiation is effected, the right-hand
member of eq. (10) is numerically integrated for the sake of

comparison with the experimental data.

IV. COMPARISON WITH THE DATA AT 90° IN c.m.s.

In the hydrodynamical model, the dissociation temperature

is fixed by imposing the condition

\/o% 5 [ (11)




at the moment of dissociation. Here, v_ is the volume of a pion,

o
which is approximately _ 4 A V3
Vo = ?TC(M‘C) )

and n is the pion density. From the condition (11), it follows7)
that the dissociation temperature is T< u, and, usually7-9), this
is taken to be T= . Although this value is also acceptable

in our fit, a better agreement is obtained with a little lower
valpe, namely T=u"/l.5, which means that the mean distance
between two neighbouring pions in the system at the moment of
dissociation is about 1.5 times their diameter.

Figures 1 and 2 show wg% g calculated in this way together
with corresponding data. Igpfhe large—pl region, np-production
data obtained by the Aachen-CERN-Heidelberg-Munich Colhﬂxmatux#)
have been used. 1In the same P, domain, there are other =°-

production experimentsz'3)

 all of them in agreement within
quoted errors. Thus, there is no special reason in preferring
this particular experiment over the others, the use of the
latter instead of the first ones amounting just in a small
modification in the choice of parameters. 1In the small-pl

1)

region, an average of xt- and -production data has been
employed. However, these data show a small but not negligible
systematic discrepancy in the region where both of them exist
and what has been done is renormalize one of them. 1In Figs. 1
and 2, nt data appear divided by a constant factof 1.72.
Figure 3 shows the inverse of the parameter B, plotted

against the total energy squared, where one can see its logarith-

mical increase with s.




V. FIXED ANGLE CROSS SECTION

As mentioned below eq. (10), the single-particle distribution
is approximately factorized in y"and Y1 variables. One can

summarize eq. (10) in the form

do 'C?: _ ..Cg,} '
w&? = @ 7((5(_1) =e "Fl)

' (12)

Now, if one writes y, in terms of w and E by using egs. (8)
and takes into account that C<<1l, one can show that, excepting
the region where simultaneously 6 is small and p large, the

~C

2
factor e #n is essentially equal to one. That is

y,tl’&"’ wHpy _ %_.u_)_f_f_l_l_ = VI+('%)2+ Co @
'R w"P 'VF}'P t 2 1
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\ a0 + (%)"

This means that, for large angles,

45/ _’\:wi‘—’:l‘
- —> (14)
et s dp Lo ’

as function of P, - This result is in excellent agreement with

4)

experiments .
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VI. ADDITIONAL REMARKS

We have presented in this paper a simple parametrization
of the single-particle distribution based on Landau's hydro-
dynamical model. There remained still the question whether
eg. (4) really represents the velocity distribution predicted
by the hydrodynamical model. While we are not able to answer
this question yet, it is clear, nevertheless, that, as discuss-
ed below eg. (4), whatever the form of the distribution is,
its transversal width increases showly with the energy (perhaps
like &¢n s) and is much narrower than the longitudinal width.
These features are enough to guarantee the qualitative repro-
duction of the experimental characteristics mentioned at the
beginning. -

Another remark concerns the existence of the leading-
particle effect. The fact that a non-negligible fraction of
events are accoﬁpanied by a leading particle shows that,
although the agreement of the multiplicity and the single-
particle distribution predicted by the conventional hydro-
dynamical model with data is surprisingly good, it is, in
general, not justified this direct comparison. Obviously, a
comparison with such data has any sense only after taking all
kind of events into account. We think, however, that if one
assumes that in the so-called high-mass diffractive dissocia-
tion the excited state decays in the way described by the

usual hydrodynamical modell3)

, all the relevant results may
remain valid. In this case, however, the excitation probability

as function of the invariant mass M must be computed outside

the framework of hydrodynamics.




11.

ACKNOWLEDGEMENT S

The author would like to thank Dr. E.Predazzi for instructive

discussions and correspondence. Financial support from Conselho

Nacional de Desenvolvimento Cientifico e Tecnoldgico of Brazil

which made this interchange possible is acknowledged.




12,

REFERENCES

1) British-Scandinavian Collaboration, B.Alper et al.; Phys.

Lett. 44B (1973) 521; Nucl.Phys. B100 (1975) 237.

2) CERN-Columbia-Rockefeller Collaboration, F.W.Busser et al,;

Phys.Lett. 46B (1973) 471.

3) CERN-Columbia-Rockefeller-Saclay Collaboration, F.W.Busser

et al.; Nucl.Phys. B1l06 (1976} 1.

4) Aachen-CERN-Heidelberg-Munich Collaboration, K.Eggert et al.;

Nucl.Phys. B98 (1975) 49.

5) There are many review articles, one of which is by E.Predazzi

Riv.Nuovo Cimento 6 (1976] 217.

6) J.Cronin: "Processes at large transverse momentum", in
Lecture Notes at the SLAC Summer Institute on Particle Phys.;
S5.J.Brodsky: "Recent progress in the phenomenology of large
transverse momentum reactions", in Lecture Notes at the
SLAC Summer Institute on Particle Physics; G.Bellettini:
"Large momentum transfer phenomena", Frascati preprint LNF
75/27 (R); P.Darriulat: rapporteur's talk at the International
Conference on High-Energy Physics, Palermo, June 1975; D.
Sivers, S.J.Brodski and R.Blankenbecler: SLAC-Pub. 1595,

June 1975 (T/E). Cm

7) L.D.Landau, Izv.Akad. Nauk SSSR 17 (1953] 51; S.Z.Belenkij >

and L.D.Landau, Usp. Phys.Nauk 56 (1955) 3Q9; Nuovo Cimento,




8)

9)

10)

11)

12)

13)

Suppl. 3 (1258) 15; These articles appear also in the
"Collected Papers of L.D.Landau", ed. D. Ter Haar (1965),
Gordon and Breach, New York, pg. 569.

P.Carruthers; Ann.N.Y.Acad.Sci., 229 (1974) 91.

F.Cooper and E.Schonberg; Phys.Rev.Lett. 3Q (1973) 880.

I.M.Khalatnikov; J.Exp.Theor.Phys. (USSR) 26 (1954) 529.

Minh Duong-van and P.Carruthers; Phys.Rev.Lett. 31 (1973)

133.
G.A.Milekhin; Soviet Phys. JETP 35 (8) (1959) 829.

This point of view has also been adopted by N.Masuda and
R.M.Weiner in "Correlations and effective sizes of hadionic
fireball and exchanged object in a hydrodynamical approach"

Los Alamos preprint LA-UR-77-2427.

13,




FIGURE CAPTIONS

FIG. 1 - Single-particle distribution at 90° in the center-of-
mass, frame at /S=23, 45 and 63 GeV.

FIG. 2 - Single-particle distribution at 90° in the center-of-
mass frame at YS§=31 and 53 GeV.

FIG. 3 - Transverse "width" as explained in the text against
the square of the total energy s. The curve is just
to guide the eyes.
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