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ABSTRACT

Phase transition from hadronic gas to quark-gluon plas-
ma leads to «softness» of the equation of state and non-
trivial explosion-type phenomena, affecting (p ) of se-
condaries, Theoretical estimates reproduce qualitatively

main features of recent JACEE observations. ‘

© Hucruryr sdeproi pusuku CO AH CCCP

In our Letter written six years ago [l] we have addressed a qu-
estion of whether available experimental data on high energy pp
collisions have shown any sign for collective transverse explosion of
excited matter. The method used was based on «Doppler widening»
of transverse momentum spectra of various secondaries (m, o, K,
K', p, etc.) due to collective motion. It was found that pure ther-
modynamical description of these spectra «worked too well», provi-
ding good fit to data with no sign of collective effects. An explana-
tion proposed in [I] has related the absence of collective flow to
unusual «softness» of matter in the phase transition region.

Now we return to consideration of the influence of this phase
transition on transverse collective expansion. It turns out, that the
price for making the matter «soft» in some region is that it becomes
very «explosive» nearby, so we make semiquantitative analysis of
the resulting efiects.

Our present discussion is triggered by recent data obtained by
JACEE collaboration [2] on high enegry nuclei-nuclei collisions,
which, as we argue below, are in striking correlation to theoretical
expectations considered below. Although the observations are based
on only few events, the grouth in {(p ) with energy densily of mat-
ter is so impressive (see Fig. 1,a), that it can hardly be a statistical
fluctuation. Note also, that below some critical point {p ) is nearly
constant, and about the same as observed at SPS pp collider (the
dashed curve). .

We start with brief introduction of some «realistic» equation of
state (same as in [1]). At Fig. 2,a we plot dependence of pressure
p on temperature 7. At small T the matter is a hadronic gas, and
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taking hadronic resonances into account by Beth-Ulenbeck method

(see details and references in [3]) one comes to p(T) parametrized
by

p(T)~ATS, A=20 GeVZ (1)

At high T the matter is believed to be nearly an ideal quark-glu-
on plasma, with the equation of state looks as follows:

p(T)=52-T*—B. (2)

We attract the reader’s attention to the «bag» term B, resulting
from the fact that physical QCD vacuum state is lower than
«perturbative» one. Instead of MIT fit to hadronic properties in the
bag model [4] (B(MIT)=55 MeV/im®=4.3-10"*GeV*), we use
much better grounded value, suggested by QCD sum rules [3]:
B(sum rules) =0.5—1 GeV/fm*=(4—8)-10* GeV* (see [6] for recent
review). Somewhat rounded value, B=1 GeV/fm?® is taken below.

The equation of state in the intermediate region remains uncerta-
in, but, naively, one may just continue both lines till they cross. It
implies rapid transition of the first order, which does not look so
harmless on p(e) plot shown at Fig. 2,b (e is the energy density).
Rapid transition is supported by lattice simulations, and we assume
that it is the case.

As we noted in [l], smallness of p/e ratio (or «soitness») is
phenomenologically wellcomed. It was pointed out by L. van Hove
[7] (see also subsequent works [8]) that this feature of p(e) may
lead to hydrodynamical instabilities resulting in discontinuities, pro-
ducing, in principle, significant collective velocities. Now we present
semiquantitative estimates of this efifect with our «realistic» equation
of state. .

Note, that in high energy collisions the transverse expansion is
strongly limited by duration of longitudinal expansion. Thus, the
transverse collective velocity depends on whether the matter is acce-
lerated rapidly enough. That is why instantaneous phenomena like
rarefaction shocks are so important.

First of all, with our «realistic» equation of state we indeed ha-
ve some «window» for these shocks. Not going into details (see
[7. 8]) we remind that shock parameters satisiy natural conditions
of energy-momentum conservation and positive entropy production,

leading to (5= d_p) :
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where subcript £ (¢) means hadronic (quark) matter. Rapidity of
both phases in the front rest frame are as follows
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Details concerning these shocks are collected at Fig. 3. Its upper
part shows temperature of matter after the shock front, as a functi-
on of initial energy density. The lower part shows corresponding ra-
pidity of the flow after the shock, if the matter was initially at rest.

[t should be emphasized that physics of such shocks is very
complicated. For large systems there is no time for the shocks from
the surface to come to the center, but they can appear as «bubbles»
(see [8a]), containig preheating by compression shocks. Our aim
here is to estimate gross velocity without detailed solution of
hydrodynamical equations. Effect of ordinary hydrodynamical trans-
verse acceleration is estimated by Newton’s second law for tran-
sverse system size R ({):

g "TUp
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dt?* R e+p (5)
Another equation expresses energy conservation

de =__(a+p}_2{e+p) dR (6)

di { R di

where two r.h.s. terms correspond to longitudinal and transverse
expansion, respectively. Here we have assumed that longitudinal ex-
pansion is «scaling» one, v, =x/t. Equations (5, 6) are integrated
numerically from the initial time £,=0.5 im, R=1/m_, e=¢, up to
the break-up at temperature T=130 MeV. Ii the matter reaches the
unstable region, we assume that it jumps into low density phase in-
stantaneously in the whole volume.

The effect of collective flow, resulting from ordinary expansion
together with discontinuities, is convoluted with thermal p —distri-
bution at break-up. Correspondence of Bjorken’s observable & and
true initial energy density g, is seen from upper and lower scales ofi
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Fig. 1. Our resulting curves for {p ) are shown in Fig. 1,b. It re-
sembles the data very much, and this observation is the central po-
int of the present work.

What further measurements can clarify these important issue?
First of all, both the abovementioned manifestations of the phase
transition, the temporary absence of the collective flow and subse-
quent violent «explosions in the course of increasing & should be
tested in high-statistics accelerator experiments, now being in prepa-
ration. It is very important to compare spectra of different seconda-
ries, so that Doppler nature of widening of transverse momentum
distribution be demonstrated. Another crucial test of the mechanism
considered can be based on experiments, capable to observe events
with higher matter excitation & It is predicted that rapid growth of
(p, » should disappear above the transition region,

Considering A-dependence of the effect we may say that ordi-
nary hydrodynamical expansion leads to smaller acceleration of
matter at larger systems (larger A) because pressure gradient is
smaller (see Fig. 1,b). Shock effect, assumed to be instantaneous, is
on the contrary weakly A-dependent.

We are avare of the fact, that nonequilibrium effects, other un-
certainties may significantly modify these results. Nevertheless, we
expect that main features of the dependence considered will survive.
In particular, we attract the reader’s attention to the fact that the
position of the jump for «realistic» equation of state and for JACEE
data nearly coincide, The height of this jump depends on the details,
but it is obviously of the same order of magnitude as in these data.

Concluding this letter, we may say that the presence of strong
phase transition makes expansion of hadronic matter highly nontri-
vial, even if one disregard nonequilibrium effects. As a result, even
simplest observables (like (p ) measured by JACEE group) may
provide a very sirong signal. This should encourage experimenta-
lists to make further studies of heavy ion collisions at high energies.
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Fig. 1. a —Experimental data on (p ) versus initial energy density € (Bjorken’s es-
timate), defined as shown at the top of the figure. b—Predictions of the mpdel (see
text) for pg- and PbPb-collisions (dashed and solid lines, respectively). Various lines
at the right from the jump correspond to shocks with maximal and zuroleptrnp}‘ pro-
duction. Numbers given at the figure indicate jumps in flow rapidity.
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Fig. 2. Pressure p versus temperature T (a) and versus energy density e (b). Dotted
line illustrates supercooled quark-gluon phase, while dashed one corresponds To

mixed phase.
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Fig. 3. a —Depuendence of n on the energy density & before the shock I
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of maximal (As=max) and minimal (As=0) entropy production. Solid af1@ t.iﬂltﬂd in
nes correspond to jump from normal and supercooled quark-gluon phases, respecti-

vely, while dashed ones correspond to jump from the mixed phase. b —Corresponding

temperature of hadronic phase after the shock iront.
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