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Abstract: The emission angular distributions of final-state particles produced in '*O-Emulsion
(Em) collisions at 14. 6 AGeV, and the azimuthal angular distributions for the black particles
produced in *Si-Em at 4. 5 AGeV have been studied by an isotropic fireball model. The model in-
cluding transverse flow is used to describe the azimuthal distributions of midrapidity *~ mesons

and protons produced in C-Ne and C-Cu collisions at 3. 7 AGeV. The calculated results are in

agreement with the experimental angular distributions. It shows that the improved fireball model

gives a good description of nucleus-nucleus collisions at high energies.

Key words: angular distribution; isotropic fireball model; target fragment; transverse flow

CLC number: O571. 6

Angular distribution is one of the important
observable quantities in nuclear reactions. On one
hand, the nature of the nuclear reaction can be de-
termined by using the differences in the angular
distributions of nuclear reaction products, and it
seems to be important to understand the dynamical
features of the reaction process. For example, an-
gular distribution of nuclear fragments can provide
information about the fragmentation mechanism
and thus help trace the reaction mechanism of nu-
cleus-nucleus collisions at high energies™ *. On
the other hand, angular distributions may be used
for verification of theoretical models of nucleus-nu-
cleus collisions. So it is highly important for us to
investigate the target fragmentation process at high
energies by the angular distributions of target frag-

ments. In addition, the angular distributions of
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charged particles can be obtained in emulsion ex-
periments by using the techniques of grain, &-ray
and lacunarity measurements to identify different
kinds of final particles and fragmentst *, As a
fixed target and detector, the nuclear emulsion can
give the whole picture of an interaction event and a
high resolution of particle tracks. It is possible for
us to study the angular distributions in the whole
rapidity due to the accurate measurement of space
angles of all charged particles in nuclear emulsion.
In order to explain the angular distribution shape
of target fragments produced in nucleus-emulsion
and nucleus-nucleus collisions at high energy, an
isotropic fireball (IF) model is used in this work.
According to the model™!, a fireball is formed
in relativistic nucleus-nucleus collisions. The fire-

ball is assumed to be an isotropic emission in the
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fireball rest frame. Let the beam direction be the <1 means a contraction flow, while £, . =1

oz axis and the reaction plane be the yoz plane. As
in Maxwell’ s ideal-gas model, the three compo-
nents (P, ,.) of the particle momentum in the
fireball rest frame are assumed to be Gaussian dis-

tributions with the same width, i.e. ,
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where op is the standard deviation (distribution

width), as Ref.[10]. And the transverse momen-

tum (PT =./P2+P? ) has a Rayleigh distribution.,
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A Monte Carlo method is used to calculate the
emission angular distributions and azimuthal distri-
butions of target fragments. Let R, R;» R;, R, ,

R; and R; denote the even random variables dis-

tributed in [0,1]. We have

P,. —=0p A Zlan COS(ZT{Rz)y (3)
P, =0p /— 2InR; cos(2nR,) , 4)
Pi:Up«/*ﬂnRs COS(ZT['R@)» (5)

and
0= arctan(%jj , (6)
gozarctan(%) ) D)

where op is the parameter that characterizes the
width of the momentum distribution in the source
reference frame, as Ref. [10].

Because the transverse and longitudinal flows

]

affect the emission of particles''', the final state

transverse and longitudinal momenta measured in

the fireball rest frame can be written ast'*

Pl =k, Pr, (8)
and

P.=r.P., (9

where £,, and k. denote the transverse and longitu-

dinal flow strengths, respectively. Generally

speaking, k.,..>>1 means an extension flow, k., .

means that there is no flow. The physics condition
gives k,,..>0.

The emission angle #° and the azimuthal an-
gular ¢" of fragments produced in the fireball rest

frame are give by

i
0" = arctan(%j = arctan(%j , (10)

and

f
o =arctan(l%j=arctan(/}1:’y) , (1)

where ky=*k,,/k.s k =k, /F,.

In the study of the emission angular and the
azimuthal angular, we do not need to know k., ..
and k., . while the ratio £ is an important parame-
ter in our calculation. 2> 1 means a transverse
flow, £#<<1 means a longitudinal flow, while £=1
means a pure isotropic emission. The free parame-
ter £ can be obtained by fitting the experimental
data.

Fig. 1 presents the emission angular distribu-
tions of black particles of target fragments, for
light targets (C, N, O) (a), heavy target (Ag,
Br) (b) and all targets (C, N, O, Ag, Br) (¢),
respectively, produced in "O-Em collisions at
14. 6 AGeV. The histograms are the corresponding
experimental data in Ref. [13]. The solid circles
denote the calculated results by Monte Carlo meth-
od. The dashed curves are the fitting results by the
analytic function f,(0) =sind/2. From Fig. 1, one
can see that the emission angular distributions
seem like almost same for different targets, and
show maxima at § = 90° and are symmetric with
respect to @ = 90°. This is because most of the
black particles come from the target spectator, and
which get the Coulomb repulsion of projectile at
90°. Fig. 1(a), (b) and (c) correspond to the
events with Ny, <C 8, N, > 8 and N, =0, respec-
tively, where N, denotes the number of grey parti-
cles and black particles. The Monte Carlo calculat-
ed particle number for each event group is {(N»,

where (N) denotes the mean multiplicity of black
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particles in the concerned event group. One can
note that the calculated results are approximately
in agreement with the experimental data. And
some statistical fluctuations are shown in the emis-
sion angular distributions, which due to {(N) parti-
cles have been calculated by the Monte Carlo meth-
od. The statistical fluctuations become less and
less with increasing ( N). The isotropic fireball
model almost describes the experimental data of
emission angular distributions. However the
experimental distribution of black particles is a lit-
tle more in the range of #<C90° as compared with
that in the range of 2>90°, which is due to the fact
that the emission source of black particles is struck
by projectile. So the isotropic fireball model is nee-
ded to further develop for dealing with anisotropic

emission experimental data in our next work.
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Fig. 1 The emission angular distributions of black particles
of different target fragments. The experimental data

are adopted from Ref. [13].

Fig. 2 shows the azimuthal angular distribu-
tions in the reaction plane for the black particles
produced in Si-Em at 4. 5 AGeV. The solid
squares with error bars are the corresponding ex-
perimental data which are quoted from Ref. [14].
The open circles are the calculated results by

Monte Carlo method by means of Eq. (11) . The

dashed line is the fitting result by the analytic
function f,(¢) =1/2n . From Fig. 2, one can see
that the azimuthal angular distributions are flat or
isotropic distributions. It has been a criterion for
evaluating experimental angular measure results.
One can note that the calculated results are ap-
proximately in agreement with the experimental
data, and statistical fluctuations are also described
with { N) particles by the Monte Carlo method.
These results indicate that the isotropic fireball
model is successful in the description of the experi-
mental azimuthal angular distributions in nucleus-

nucleus collisions at this energy region.
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Fig. 2 The azimuthal angular distributions of black particles
produced in *Si-Em at 4.5 AGeV.

Fig. 3 presents the azimuthal distributions
with respect to the reaction plane of midrapidity
n  mesons (a), and protons (b) produced in C-Ne
and C-Cu collisions at 3.7 AGeV. The solid circles
with error bar and the triangles with error bar are
the experimental data for C-Ne (—1<C y.,<<1),
and for C-Cu (—1<{y.,<<1) interactions from Ref.
[15]. For visual presentation the data on C-Cu
were shifted upward, for == mesons the analysis
was performed from 0° to 180° due to lower statis-
tics than that for protons. The solid curves are the
Monte Carlo calculated results with 10° particles
according to Eq. (11). The free parameter k,
which describes transverse or longitudinal flow, is
introduced to the IF model. By fitting the experi-
mental data, we obtained the #=1.4 for =~ mes-

ons, and £=1. 5 for protons in C-Ne and C-Cu col-

lisions at 3.7 AGeV. It means that transverse flow
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plays an important role in nucleus-nucleus colli-

sions at a few AGeV energy region.
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Fig. 3 The azimuthal distributions of midrapidity *~ mesons
(a), and protons (b) produced in C-Ne (solid circle)
and C-Cu (solid triangles) collisions at 3.7 AGeV.

In summary, the angular distributions of fi-
nal-state particles, which are from the interactions
accompanied by the emission of black particles in
""O-Em collisions at 14. 6 AGeV and **Si-Em colli-
sions at 4. 5 AGeV, have been studied by an iso-
tropic fireball model. The calculated results are in
agreement with the experimental data. A Monte
Carlo calculation shows that the isotropic emission
fireball model gives a good description for **O-Em
and ®Si-Em collisions at this energy region. The
isotropic fireball model cannot describe the azi-
muthal distributions with respect to the reaction
plane of midrapidity #~ mesons and protons pro-

duced in central C-Ne and C-Cu interactions at 3.7

AGeV. The k=1.4 for =~ mesons, and k=1.5 for
protons in C-Ne and C-Cu collisions obtained by
fitting the experimental data means that transverse

flow plays an important role in this energy region

of a few AGeV.
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