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Definition of the fireball

@ The space-time region where the reactions between the net
particles, created particles take place we name as "fireball”.

@ The investigation of the reaction zones is equivalent to
investigation of the fireball.
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Reaction Zone Calculation Algorithm I
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How to ID fireball

[e]e] le]ele]

The number of reactions 1 + 2 — 3 + 4 per unit time in the
space-time point X:

oix // dps  dps W f(x) fo (X ) [1F3(X)] [1£F4(X)]
pl,pz Zﬂ- 3E3 27{')3E 12—34 11 2 3 4

= (tar)v Ei = \/ m2 +p|27 fi(X) = f(xvpi)v dpl = d3pi/(27r)3Ei

4-density of the number of reactions 2 — 2

X) = /dp]_ dp2 dpg dp4 W1io_ s34 fl(X) fz(X) [l + f3(X)] [1 =1 f4(X)]

The microscopic transport model designed for description of relativistic
heavy-ion collisions: UrQMD (Ultrarelativistic quantum molecular
dynamics)

@ S.A. Bass, M. Belkacem, M. Bleicher et al., Prog. Part. Nucl. Phys. 41, 225 (1998);

@ M. Bleicher, E. Zabrodin, C. Spieles et al., J. Phys. G: Nucl. Part. Phys. 25, 1859 (1999).
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Reaction Zone Calculation Algorithm — II

Number of reactions in the given space-time region 2

Neon(2) = /Q d*x T(x).
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Reaction Zone Calculation Algorithm — II

Number of reactions in the given space-time region 2
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How to ID fireball
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Reaction Zone Calculation Algorithm — III

| UrQMD (Au+Au), E,, =10.8A GeV |

Reaction Density
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How to ID fireball
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Reaction Zone in (t,r,z) coordinates, r = /X2 + y?

‘ UrQMD (Pb+Pb), E, =158A GeV ‘
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z-t projection
M r-t projection 70



How to ID fireball
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Reaction Zone in (z,t) coordinates for AGS conditions
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How to ID fireball
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Reaction Zone in (z,t) coordinates for SPS conditions
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How to ID fireball
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of the domain borders

UrQMD (Au+Au), E_=10.8A GeV
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D. Anchishkin, A. Muskeyev, S. Yezhov,

Phys. Rev. C81, 031902 (2010); arX-

ivi1004.0431 [nucl-th].
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Cross sections of the reaction zone in coordinates (r, z)

for different time moments
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How to ID fireball
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Reaction frequency for AGS conditions
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How to ID fireball
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Reaction frequency for low SPS conditions
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How to ID fireball
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Reaction frequency for SPS conditions
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Evolution of the frequency of collisions
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First stage of evolution

Ro — nucleus radius,

Vo — initial velocity of nucleons,
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Evolution of the frequency of collisions
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Reaction frequency for AGS and SPS conditions
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Evolution of the frequency of collisions
coe

Special points of the reaction frequency

‘ Special points of the frequency of reactions ‘
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Sharp freeze-out

Sharp freeze-out hypersurface

The sharp freeze-out hypersurface is defined with the help of some
parameter P(t,r) which takes the critical value P¢ on the hypersurface:

P(ta r ) = P
1) the energy density e(t,r):
V.N. Russkikh and Y.B. Ivanov, Phys. Rev. C 76, 054907 (2007);

J. Sollfrank, P. Huovinen, and P.V. Ruuskanen, Eur. Phys. J. C 6, 525 (1999)

2) the temperature T (t,r):

H. von Gersdorff, L. McLerran, M. Kataja, and P.V. Ruuskanen, Phys. Rev. D34, 794 (1986);
P. Huovinen, Eur. Phys. J. A37, 121 (2008)
3) the density of particles n(t,r):

D.Adamova et al. (CERES Collaboration), Phys. Rev. Lett. 90, 022301 (2003).



Sharp freeze-out

Freeze-out Hypersurface Calculation Algorithm
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Sharp freeze-out
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Sharp freeze-out

S

AN

Wnto=n=0t6m

Mot =n,=016Mm

10l t=10.5fmlc w0[t=10.5fmic 10l t=10.5fm/
10 10 10
E R B TR B I R TR T E N B TR
z (fm) z (fm) z (fm)
1w0lt=13.5fm/c 10rt=13.5fm/c 10 [tE13.5fmic
10 10 10
R ) ) )
z (fm) 2 (fm) 2 (fm)
wft=15.5fmic wft=15.5fmic w0 t=15.5Tmic

o 0 20 20 10
2 (fm)



Conclusions

Conclusions

@ We claim that definition of the fireball with the help of the
reaction zone is adequate for the imaging of the relativistic
nucleus-nucleus collisions and description of the space-time
structure of the created hadronic system. For instance, if one
goes to describe the flame he should describe that spatial domain
where exothermal chemical reactions take place.
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hypersurface should be inside the “inelastic” reaction region.
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Conclusions

@ We claim that definition of the fireball with the help of the
reaction zone is adequate for the imaging of the relativistic
nucleus-nucleus collisions and description of the space-time
structure of the created hadronic system. For instance, if one
goes to describe the flame he should describe that spatial domain
where exothermal chemical reactions take place.

@ We can definitely claim that any kind of kinetic freeze-out
hypersurface should be inside the reaction region, which reflects a
total number of reactions, and any kind of chemical freeze-out
hypersurface should be inside the “inelastic” reaction region.

© In the proposed approach one can determine several specific and
universal time moments during evolution of the hadronic fireball:
@ t =tc is the time moment which corresponds to the maximum of the frequency of
hadronic reactions;
@ t =2t is the time moment which corresponds to the local minimum of the frequency of
hadronic reactions;
Q t= tfq is the time moment which corresponds to the fireball division into two separate

parts.



Thanks for your attention! J
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