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IS THERE EVIDENCE FOR FLOW IN HEAVY ION COLLISIONS?

Henrique VON GERSDORFF

Brookhaven National Laboratory, Physics Department, Upton, N.Y., 11973

Calculations using a transverse hydrodynamical model with a phase transition in the
equation of state are compared to recent heavy ion data. We argue that hydrody-
namics alone cannot reproduce the low pi part of the experimental spectrum.

Clear evidence for the collective phenomenon of flow in heavy ion collisions has been
found1 for 93Nb + 93Nb central collisions at 400 A MeV. It was also found that 40Ca + 40Ca
central collisions exhibit a much weaker flow effect at the same bombardment energy, so that
large nuclei, which endure longer as a cohesive whole before the final decoupling into the
observed secondaries, were crucial in the conclusive establishment of flow in these reactions.
One concludes that to get collective flow one needs a copious amount of rescatterings among
the constituent particles of the fireball formed by the collision.

At higher energies pion production dominates the multiplicity and the previous analysis
of flow becomes untenable. Nevertheless, the highly excited fireball still has to expand
and cool off before it breaks up, since if it breaks up immediately after the collision its
temperature and therefore the average transverse momentum (pr) of the secondaries will
be too high to agree with experiment. Moreover, as emphasized by Pomeranchuk? too
many heavy particles would be produced without a preliminary expansion. A collective flow
should therefore also develop at higher energies in the initial stages of the collision when
the constituents of the system are still interacting strongly. The search for evidence of this
expected behavior is the main motivation behind this paper and a of series of others3

The observable we will calculate in this search for evidence of flow is the pr distribution
of the produced secondaries. The data is from the NA35 collaboration4 and was taken over
the central rapidity range 2 < y < 3, where dN/dy is approximately constant as we assume
in our longitudinal boost invariant hydrodynamics?

First suppose a hot and non-interacting pion gas is created by the collision and its
subsequent expansion is governed by hydrodynamics. Initially, the pressure (P ~ T4) will
be very high and thus the expansion very fast. At a later stage, after the gas has cooled,
the expansion will be quite weak, until eventually the mean free path of the pions becomes
comparable to that of the system which then decouples into the free streaming pions observed
by the detectors. To estimate the initial energy density one uses the experimentally known
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total multiplicity per unit rapidity dN/dy and entropy conservation. Since dS/dy ~ 3.6
dN/dy (massless boson gas) and dS/dy = TTR^TOSQ (where R is the nuclear radius, To the
initial formation proper time and so the corresponding initial entropy density) one finds that

50 =2
3.6 diV

ri?2TQ d y (1)

The NA35 data for 32S + 32S collisions at 200 A GeV has a dN/dy ~ 30 at mid-rapidity
(y = 3.03) for negatively charged particles (90% pions), so that the total dN/dy ~ 90.
Assuming TO = 1.25 fm/c and R = 3.5 fin, one finds from Eq. (1) that so = 6.7 fm~3 =
5,(4ir2/90)T3 which gives T ~ 334 MeV (gr = 3) and initial energy density e0 = | s 0 T ~ 1.6
GeV/fm?
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Figure 1: The pr distribution for a pion gas and the NA35 S + S preliminary
data for negatively charged particles at 200 A GeV.

This temperature is barely consistent with a super-heated pion gas and for values larger
than this the system cannot be considered an ideal gas since interactions cannot be neglected
when the density of the gas is comparable to that of a pion (extra hadronic resonances like
p, w and t} must be included, thereby reducing the initial temperature of the gas). Nev-
ertheless, we plot in Fig. 1 the pr distribution calculated with the above initial conditions



supplemented with a decoupling temperature Tjec = 140 MeV and compare it to the pre-
liminary NA34 32S + 32S data. Notice the slight positive curvature of the distribution in the
range 0.5 GeV/c < pj- < 2.0 GeV/c and the large difference between the massive and mass-
less cases. At high pj the pion mass is comparatively small so that the two scales coincide.
Integrating the curve for the massless case dN/dy = 91 and the (pj) = 455 MeV/c, so that
the pion gas assumption underestimates the contribution of the low pr component of the
distribution and overestimates the high pr component.
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Figure 2: The pr distribution for a mixed phase scenario.

If, instead of a pure pion gas, a first order phase transition to a quark-gluon plasma
occurs at Tc = 160 MeV, the critical entropy density for the pion and quark gluon phases
are: sT{Tc) = 0.704 fm~3 and sq9{Tc) = 8.6 fm73 The initial high density state formed
by the 32S + 32S collisions at 200 A GeV is thus a mixed phase of pions and quark-gluon
plasma. From the equation 6.7 = 0.704(1 — f) + 8.6/, we obtain the fraction of the matter
that is in the quark-gluon plasma phase, / = 76%. The initial energy density can now be
calculated: e0 = eT(l -/)+(„/, where e, = 0.084 GeV/fm3 and eqs = 1.03 GeV/fm3 which
results in «o = 0.8 GeV/fm? In Fig. 2 we show the px distribution one finds assuming these
initial conditions and a decoupling temperature of Tjec = 12-J MeV. For the massless case
(mT = 10 MeV to avoid divergences in the decoupling integral) dN/dy = 75 and (pr) = 330



Mev/c, whereas the experimental values are total dN/dy = 3 x 28 = 84 and (pr) = 350
MeV. When the pion mass is included a disagreement of almost an order of magnitude with
the data is found at low {pr): where the bulk of the multiplicity resides. The enhancement
of the low pr component for the massless case is due to the singular behavior of the Bose-
Einstein distribution in the decoupling integral in the limit when pr and m, vanish. The
striking feature of this curve is its complete lack of curvature, except at very low pr values.
Compared to the pure pion gas, a much softer flow is now generated. This is due to the
mixed phase which causes the system to last longer (the velocity of sound vanishes), thus
making it more susceptible to the pr attenuating effects of the longitudinal expansion. A
suppression of strong transverse flow effects is thus obtained.

In conclusion we emphasize the following points: (i) A non-zero collective flow velocity
tends to give transverse momentum distributions a concave shape for effectively massless
particles, (ii) An ideal pion gas is ruled out by the data since it generates too strong a
transverse flow, (iii) The presence of a mixed phase in the equation of state tends to soften
the transverse flow. On a semi-log plot the distributions have a linear behavior for a large
PT range and are thus nearly indistinguishable from the thermal model ones, which have
zero flow velocity? (iv) The non-zero slope of the experimental pr distribution at small
PT values cannot be understand solely within the framework of relativistic hydrodynamics.
Some new physics is needed here (note that we have ignored entirely the role of nucleons and
of interactions among the constituent particles), (v) No unambiguous evidence for collective
flow has emerged from our analysis. Perhaps this will only happen when higher energies
and heavier nuclei become available at CERN and RHIC.
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