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We propose an algorithm to determine a zone of hadron remotioring the collision of relativis-
tic nuclei. The zone of reactions is then exploited as a toatidying the space-time structure
of an interacting system (fireball). The relationship of Hmindaries of different zones of re-
actions and the hypersurfaces of sharp chemical and kifregze-outs is discussed. We also
consider time-dependence of the reaction rates integoatdspatial coordinates. The evolution
of this quantity reveals some interesting features whictemmained from a phenomenological
point of view. Evaluations are made with the help of the mecapic transport model UrQMD.
As an example, we consider the central collisions for AGS§AGGeV) and SPS (158A GeV)
conditions.
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ZONE OF REACTIONS. We consider a large space-time reg@gwhich contains a dom-
inant part (99.99%) of all two-particle reactions and dacal/resonances related to the event (a
particular nucleus-nucleus collision). In order to detierthe zone of reactions, we divide the 4-D
cubeCr into separate equal parts (pixef3)= Q(t,x), where(t, x) are the coordinates of the center
of the pixel. For every space-time poifitx), one can calculate the absolute number of reactions
in the given pixelQ(t,x) by using, for instance, a kinetic approach. In the presemsiigation,
we exploit the microscopic transport model UrQMD [1, 2]. ldenfor every collision event, we
can parametrize the whole amount of pixels with the help & parameter, the absolute number
of reactions which occurred in a pixel. This will be the heighthe bin which we put in corre-
spondence to the pixel. Then, we put bins alongXhaxis in accordance with their parameters:
from a pair of bins, the left bin is that, which is higher. Henthe most tall will be the first on
the left. Evidently, the total height of all bins gives us th&al number of hadronic reactiomg;
happened in the fireball. Then we map the<) coordinates of pixels (bins) starting from the left
of the obtained hierarchy to a 4-volume. We stop moving taitjie along the line of bins (pixels)
at that point, where the summing up the number of reactiohgeaes, for instance, 99% o
(see details in [3]). In such a way, we determine the 4-D megidhe space-time, where the most
intensive reactions happened. By that define the zone of reactions as a part of the 4-cube of
reactions G, in which a certain share (we adopt 99%) of all possible psses in the system takes
place It is obvious that the problem of the determination of thact®n region has a statistical
character and can be resolved just with some accuracy.

RESULTSAND DISCUSSION. In the present microscopic study with the use of the obtained
hierarchy, we separate the following parts of a fireball Whibaracterize its evolution (see Fig. 1):
1) Region of a hot fireball (marked by red color), where 99% lbfrelastic hadronic reactions,

2 — 2'+m, have occurred; 2) Region of a cold fireball (blue color) ahiogether with the region
of the hot fireball contains 99% of all hadronic reactidtis; 3) Additional region of a fireball
halo (cyan color), where 0.9% of all hadronic reactions haseurred. Two last zones together
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Figure 1: Projections of the zones of reactions on #eplane. Red region contains 99% of all inelastic
reactions, 2- 2 +m. Red and Blue regions together contain 99% of all hadrorictiens. Cyan region
contains 0.9% of all hadron reactions only. Solid lines espnt boundaries of the regions. Dashed line
bounds the region which contains 90% of all hadron reactions

compose a space-time region containing the hadron-resergas, and the reactions in this region
are mainly presented by decays of resonances. An importstign which can be clarified by the



ZONE OF REACTIONS A. Muskeyev

| UrQMD (AutAu), E, =10.8A GeV

99.9% 90% 199%
2->2'+m; iall all

N
N\

1Q' t 10? t 100
t(fmle)  °

| UrQMD (Pb+Pb), E, =158A GeV |

99.9%
2->2'+m

-
o
£

99%
all

-
o
w
L

BN

-
(=)
N
L

_\
OA
.

-
(=]
°
L

Number of reactions

~
o,

Number of reactions
3,
A
& P

10 t (fmlc)

Figure 2: Time dependence of hadron reactions in the fireball for difietime moments. The black solid
line indicates all reaction rates in the fireball, the blukdsline separates the elastic scattering of hadrons
(2 — 2), the red line shows all inelastic reactions-{22' + m, wherem > 0), the magenta line stands for
fusion reactions (2+ 1’), and the cyan distinguishes decays€2' +m, m> 0). Vertical dashed lines are
used to depict boundaries of the zones of reactioms-a0.

study of the zone of reactions is how the space-time bourafaryfireball is related to the so-called
sharp freeze-out hypersurface. The sharp kinetic freazdngpersurface is usually defined with
the help of some parametB(t,x) which takes the critical valuB. on the hypersurface. Besides,
one can follow the “classical” definition: the sharp kindtieeze-out hypersurface is an imaginary
hypersurface, outside of which there are no collisions betwparticles of the system. Obviously,
this hypersurface can be determined with some accuracy. e lfake this accuracy as 99% of
the total number of hadron reactions which take place dugimgicleus-nucleus collision, then
we can identify two boundaries of the zone of reactions aedstiarp freeze-out hypersurfaces,
chemical and kinetic ones. Hence, in the framework of thevaloefinition, the chemical freeze-
out hypersurface is the boundary between the hot (red) dddloloie) fireball zones. In the same
way, the boundary between the cold (blue) fireball zone aafibball halo (cyan color) can be put
in correspondence to the sharp kinetic freeze-out hypaisair The space-time part of the kinetic
hypersurface is a hyperbola and has fdfiz) = A\/ 102+ 22, whereA=0.75, 1o=64 fm/c for the
AGS-energyExin = 10.8A GeV andA=0.95,15=38 fm/c for the SPS-enerdsin = 158A GeV.

Of significant interest is the evolution of the differentetan rates integrated with respect to
the spatial coordinates, see Fig. 2. A specific feature ofttad reaction integral rate (thick solid
line) is its initial increase. We explain this by the incread the number of nucleons as
participants of the reactions, when one nucleus penetirsteanother one. The maximum
happens at the time momeint tc = Ro/yv, whereRy is the nucleus radius,= p,/ (g + p2)*/2,

y = (1—V?)~Y/2, p,is the initial nucleon momentum in the c.m.s. of two nucleid ey, is the
nucleon mass. We nantgas thefireball formation time For experiments under consideration,
this gives the time moments= 3.2 fm/c for AGS (108A GeV) andt. = 0.78 fm/c for SPS
(158A GeV) which practically coincide with the times of thestimaximum, see Fig. 2.
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