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The fire-streak model
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A. Szczurek et al., PRC 95, 024908 (2017)

We divide the colliding nuclei in
transverse plane into 1×1fm2 ”bricks”.

Bricks collide and form fire streaks. From
local energy-momentum conservation we
calculate the energy and rapidity of each
fire streak.
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Each fire streak fragments independently
into pions according to the single
fire-streak fragmentation function.
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The electromagnetic effects
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FIG. 11: The results of calculation of electromagnetic effects on the π+/π− ratio as a function of xF in peripheral Pb + Pb
collisions at top SPS energy, obtained within our version of the fire-streak (FS) model with the pion creation time given by
Eq. (14) for two different ranges of pion transverse momentum: 0 < pT < 0.05 GeV/c (left plot) and 0.05 < pT < 0.1 GeV/c
(right plot). The scenario with stable spectators is shown by the solid red lines, and the scenario with expanding spectators
with the radial surface velocity, βR = 0.2, is presented by the dashed blue lines.

that the fire-streak lifetime increases with its excitation
energy, that is

τ = F (E∗

s −ms), (13)

where F is a monotonically increasing function and E∗

s

and ms stand respectively for the total energy and the
“cold mass” of the fire streak, as described in Eq. (1).
For this reason, we try to simulate an initial configura-
tion with the pion creation time which is not fixed. For
the present work, we choose the following simple linear
dependence:

τ = a(E∗

s −ms) + τ0, (14)

where τ0 = τmin = 0.5 fm/c and τmax is set to be 2 fm/c,
which gives us a ≈ 0.08 (for energies given in GeV).

In Fig. 11 we present (by the solid red lines) the re-
sults of calculation of the electromagnetic effect on the
π+/π− ratio as a function of xF in peripheral Pb + Pb
collisions at top SPS energies, with the pion creation time
parametrized as in Eq. (14). The results are shown for
two different ranges of pion transverse momentum: 0 <
pT < 0.05 GeV/c (left plot) and 0.05 < pT < 0.1 GeV/c
(right plot). While generally, the solid red line repro-
duces the main features of the xF - and pT -dependence of
the electromagnetic effect, the detailed shape of the min-
imum at xF ≈ 0.15 − 0.2 is still rather poorly described
by the simulation. At this point we notice that in the
calculations made so far we always assumed that specta-
tors were stable, at least on the time scale when electro-
magnetic fields interact with charged pions (in our sim-
ulation the spectator systems were taken as two stable,
homogeneously charged spheres as described in Ref. [1]).
However, the spectators are rather highly excited sys-
tems [29]. Therefore, presently we impose a scenario with

expansion of the spectators. In its own rest frame, each
of the two spectator systems is taken as a homogeneously
charged sphere, expanding radially with a given surface
velocity βR. We introduce this surface velocity βR as
an additional free parameter. The configuration with τ
given by Eq. (14) and βR = 0.2 (in the spectator rest
frame) gives the best description of the NA49 experimen-
tal data [2] for both ranges of pion transverse momentum,
0 < pT < 0.05 GeV/c and 0.05 < pT < 0.1 GeV/c, as
shown in Fig. 11 by the dashed blue lines. We note that
the surface velocity βR = 0.2 corresponds, for the radi-
ally expanding sphere, to a mean velocity of spectator
expansion of 0.15c. This is reminiscent of the charac-
teristic spectator expansion velocity of 0.16c obtained by
Cugnon and Koonin at a much lower collision energy [30].

Finally, in Fig. 12 we demonstrate the effect of the
pion flow on the observed π+/π− ratio as a function of
Feynman xF , for v1 and v2 included together. We find
no effect for v2, and a non-negligible effect for v1. The
reason for this is the following. As shown in Fig. 5, v1 is
large at large rapidities and diverges quickly from v1 =
0 at pT = 0. Vice versa v2 is small at large rapidities y
and grows rather slowly with pT , being 0 at pT = 0.

The present description of the experimental data by
our simulation is satisfactory for faster pions (with xF ≥
0.1). Our present conclusion is that in this kinematic
region, the electromagnetic distortion of π+/π− ratios
can be successfully described once five basic components
are taken into account: (1) a realistic description of the
longitudinal evolution of the system provided by the fire-
streak model, (2) isospin differences between initial π+

and π− emission, (3) a proper pion creation time, (4) the
expansion of the spectator system, and (5) charged pion
propagation through the electromagnetic field until rela-

V. Ozvenchuk et al., PRC 102, 014901 (2020)

The fire-streak model describes the
electromagnetic effects induced by
spectator charge on xF -distribution
of charged pions.

After freeze out the created pions find
themselves in the EM field of the
spectators.
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Pion rapidity distribution from
one fire streak reproduces the
pion rapidity spectrum in p+p
collision, which suggest that only
single fire streak is created in pp
collision.
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Conclusions

• We introduced a simple model of the longitudinal evolution of the system, which
explains the centrality dependence of pion yields and rapidity spectra in Pb+Pb
collisions.

• In this model we include initial conditions for pion production to study the
electromagnetic effects in peripheral Pb+Pb collisions.

• We linked pion rapidity spectra in p+p and Pb+Pb collisions in the frame of our
model.

Thank you
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