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A method to determine the size of the pion emitting source in central
collisions from the energy differential 7~ /n* ratio is proposed. This ap-
proach was applied to the experimental results for a medium-mass and a
heavy-mass system.

PACS numbers: 25.75. —q. 25.40. Ve

Information on the size of the excited nuclear matter (fireball) formed
in heavy ion collisions is usually obtained by Hanbury-Brown and Twiss
correlation experiments [1]. In this contribution we propose an alternative
method to determine the size of the pion emitting source in central collisions
from the energy differential 7= /x* ratio which reflects the Coulomb energy
of the particles in the field of the reaction zone. A large data set on = /7t
ratios has been measured in nucleus—nucleus collisions in the last 15 years.
The infiluence of Coulomb effects was examined for different reaction systems
and energies but all experiments had drawn rather qualitative conclusions
in discussing the Coulomb effect caused by the projectile spectator [2] or
the expanding fireball [4-7].

* Presented at the “Meson 96 Workshop, Cracow, Poland, May 10-14, 1996.
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We have measured double differential production cross sections of posi-
tively and negatively charged pions measured for the mass systems
%8Ni+"2*Ni and 197Au+!97Au at 1.0 AGeV incident kinetic energy. Based
on these data we discuss the influence of the Coulomb force acting on op-
positely charged pions and we propose a method to relate the size of the
pion emitting reaction zone to the strength of the experimentally deduced
Coulomb energy.

The experiments were performed with the Kaon spectrometer [10] at the
heavy ion synchrotron SIS at GSI (Darmstadt). The spectrometer covers
a momentum-dependent solid angle of Af2 = 15-35 msr with a momentum
resolution of dp/p ~ 1% over the full momentum range. The momentum
acceptance i (Pmax — Pmin)/Pmin = 2 and the measured laboratory mo-
mentum varies between 0.15 and 1.6 GeV /c. The particle identification is
performed by the reconstruction of the trajectory and by the determination
of the particle velocity. The collision centrality is determined by means of
the hit multiplicity of charged particles in the Large Angle Hodoscope, a
96-fold segmented detector close to the target covering polar angles between
200 and 840 mrad. In this angular range participating protons are the most
abundant charged particles.
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Fig. 1. Inclusive (left) and central (right) invariant production cross section
for negative and positive pions from the reaction systems 58Ni+"*Ni (lower)
and '°7Au+!%7Au (upper) at an incident beam energy of 1.0 A-GeV and at
fcamr = (90110)degrees (preliminary). For the Au+Au system the selected events
represent the most central 0.8 barn reaction cross section.
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Figure 1 shows the invariant production cross section as a function of the
kinetic energy for both reaction systems at mid-rapidity in inclusive (left)
and central reactions (right). For the Au+Au system, the 7~ yield clearly
exceeds the 7+ yield at lower energies and approaches it at higher energies.

The energy differential ratios of 7~ to #t are shown in Fig. 2 for the
most central 0.8 barn of the reaction cross section in the Au+Au system
(right) and an equivalent cut for the Ni+Ni system (left). The =~ /=% ratio
is 3.1+0.3 (1.540.2) for Au+Au (Ni+Ni) at the lowest measured energy and
drops to about 1.1£0.1 (0.90-£0.1) at higher energies.
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Fig. 2. n~ /nt ratio for the reaction systems 3®Ni4+"*Ni and °7Au+!%"Au as a
function of the pion kinetic energy measured at f),, = 4444 degrees (preliminary).
The horizontal lines give the value of the isospin decomposition (see text). The
curve shows the calculated ratio for a Coulomb energy of 12 MeV (24 MeV) for the
Ni+Ni (Au+Au) system.

The energy integrated 7~ /7 + ratio RS, = (d%0(7~)/dS2)/(d*a(r7)/dS2) is
determined by extrapolating the energy distribution to Toas = 0 assuming
a Maxwell-Boltzmann shaped distribution.

The experimental values shown in Table I agree rather well to the ratios
derived from an isospin decomposition of the reactions at the given beam
energy as described in [11]. This motivates the assumption that the primor-
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TABLE 1

Number of protons N,, neutrons N, isospin z-component, and ratios of the
momentum-integrated cross sections of 7~ /%t for the studied systems at an inci-
dent beam energy of 1.0 AGeV and a laboratory angle of (44 +4)°. (Note that for
the Ni+Ni system only the most probable isotope is given) The last column gives
the ratios derived from an isospin decomposition.

system Ny | Na T; R Ry

58Nj 4 "aNi | 28 | 30 | -4/2 | 1.2240.05 | 1.15
197Au + 197Au | 79 | 118 | -78/2 | 1.94£0.05 | 1.90

dial #~ /=t ratio is given by the isobar model for all energies and that the
observed energy dependence is determined by Coulomb effects. Therefore,
we will propose in the following a method to extract the freeze-out radii
from the experimental =~ /77 ratio.

Following the ideas in {3], the Coulomb force disturbes the pion spectra
by modifying the kinetic energies of the particles and the available phase
space. One derives the following relations for the measured cross sections

d3c . o3

prii a(p) = oo(po(P)) - —33% ;
#po poEoO0Es|  poEo (1)
5p pEOE |~ pE

with the undisturbed momentum (total energy) po (Eo)-

The Jacobian in equation (1) is evaluated relativistically using the iden-
tity pdp = EJF. If the differential cross section follows an exponential
distribution  0g o exp(—Fp/T) with an inverse slope parameter 1" the
resulting 7~ /T -ratio is

- 2Veou E
R: .o'_.:R.tOt.exp(____]_) .M (2)

gy o T ' p_E_

with
Ey = Eg % Veoul; px =/ Ex — m?.

In the relativistic limit p-¢>> m-c® and with the Coulomb energy being
small compared to the total particle energy the transcendental equation (2)
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for Vioul can be solved, leading to

T 1

Vcou = =T ami—
' 2 T 1-9T/E,

In(Ris/R).

With these relations it is possible to determine the variation in the kinetic
energy of charged particles in the Coulomb field of the charged reaction
volume. For the Coulomb energy derived in the high-energy limit and taking
the measured slope parameter for each pion energy the results are shown as
lines in figure 2. The high-energy slopes have been determined by Maxwell-
Boltzmann fits to the data in the kinetic energy range above 0.44 GeV. The
results are T = (77+4) MeV for the Au+Au system and T = (82+2) MeV
for the Ni+Ni system. It is worth to mention that the slopes for the inclusive
measurements in the Au+Au system agree very well with the results for #°
production measured in the same system at the same incident energy [9].

The 7~ /=7 ratios are described well in the energy range between 0.3 and
0.8 GeV kinetic energy by a Coulomb potential of 1142 MeV (2542 MeV)
for the Ni+Ni (Au+Au) system whereas the ratio at lower energies is clearly
underestimated. This leads to the conclusion that the Coulomb field acting
on low energy pions is weaker than the field acting on high energy pions.
It indicates a more dilute charge distribution at freeze-out for low energy
pions (possibly at an later stages of the reaction), as indicated by other
observables in [8].

In the next step we want to estimate the radius of the pion emitting
source from these results. For central collisions the number of participating
charges Zpart has been measured as 110£8 for the Au+Au system and 43+4
for the Ni+Ni system. In a simple assumption of an emission of pions from
the surface of a charged sphere the Coulomb potential is given by

Z part

Teff
reff = (6.3 £ 1.1)fm (Au+Au) and reg = (5.6+ 1.0)fm (Ni4Ni)

Veoul = ahc——— and effective radii of

are obtained for pion kinetic energies above 0.3 GeV.

To summarize, we have presented a new approach to determine the size
of the fireball during pion freeze-out and applied it to our experimental
results for a medium-mass and a heavy-mass system. Future work will be
dedicated to more systematics for the beam energy dependence, mass of the
reaction system, and variations with the CM emission angle.
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