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Many-body Coulomb perturbation of azimuthal a-a correlations
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The perturbation of azimuthala-a correlations by many-body Coulomb interactions with other emitted
particles is investigated. Individual emissions are simulated by modeling instantaneous emission from th
surface of a hot rotating gas. Upon emission, the particle trajectories are calculated by means of classic
calculations which incorporate the many-body Coulomb interaction between the emitted particles and the
emitting source. For high-multiplicity events, the initial azimuthal correlation between emitteda particles can
be attenuated by final-state Coulomb interactions. The effect is most pronounced fora particles emitted close
to the barrier, but it appears of minor importance fora particles emitted at large relative angles and at energies
well above the Coulomb barrier.@S0556-2813~96!03308-0#

PACS number~s!: 25.70.Pq, 24.10.Cn
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I. INTRODUCTION

Particles emitted in intermediate-energy (E/A'202200
MeV! heavy-ion collisions are known to exhibit strong az
muthal anisotropies@1–18#. These anisotropies are genera
associated with a collective velocity component of the em
ted particles with respect to the orientation of the entra
channel reaction plane~defined as the plane perpendicular
the entrance channel orbital angular momentum vecto
relative motion!. At lower incident energies (E/A,100
MeV! and intermediate impact parameters, the attrac
mean field induces collective velocity components which
ten resemble a rotational motion@1–3,5,6# with a character-
istic ‘‘V-shaped’’ azimuthal correlation between the emitt
particles@1–4,8–17#. At higher incident energies, the collec
tive motion is dominated by a strong sidewards directed fl
caused by the repulsive forces from the pressure in the o
lap zone between projectile and target@19–25#. For such
emissions, the azimuthal correlations between particles
comparable rapidity are sideways peaked with a maximum
Df50°. Often these two types of collective motion coex
@8,10,16–18#. Some additional distortions of the idealize
azimuthal anisotropies reflecting only thermal and collect
velocity components can arise from final-state interacti
such as the sequential decay of primary reaction prod
produced in particle unbound states@26# or, for small sys-
tems, from momentum conservation effects@3,27#.

Thermal velocity components decrease for heavier p
ticles, v thermal}m

21/2 , wherem is the mass of the emitte
particle. In contrast, collective velocity components are in
pendent of the mass of the emitted particles. As a con
quence, the effects of collective motion are more pronoun
for heavier particles, due to the suppression of ‘‘therm
noise.’’ In practice, the effects of collective motion a
readily detected in the azimuthal correlations between
emitteda particles@3,11#.

Azimuthal correlations reflecting rotational motion b
come less pronounced for increasing beam energy and
small-impact parameter collisions@17# selected by cuts on
large charged-particle multiplicities,NC . For truly central
collisions of impact parameterb50, the reaction plane be
54813/96/54~2!/796~9!/$10.00
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comes undefined and the azimuthal emission pattern due
collective motion must become isotropic. Thus, a damping
V-shaped azimuthal correlations is qualitatively expected f
small impact parameter collisions@17#. More recently, a sur-
prisingly systematic dependence of the azimuthal anisot
pies upon the total transverse energy,Et , of all emitted
charged particles has been established@18#. By assuming that
Et provides a measure of the temperature of the react
zone, Et}T

1/2, the measured azimuthal anisotropies we
found to follow a simple thermal scaling@18#.

Decreasing azimuthal anisotropies might, however, a
arise from Coulomb distortions in the field of the emittin
nucleus and the randomization of the velocity componen
due to many-body Coulomb interactions between emitt
particles. The potential importance of such perturbations h
not yet been assessed. In this paper, we investigate this is
via classical many-body Coulomb trajectory calculations f
the simple case of an instantaneous release of all emit
particles from the surface of the emitting source using
initial velocity distribution that of a rotating hot gas@3#. We
will show that many-body Coulomb perturbations can, in
deed, lead to distortions of the azimuthal correlation fun
tion. The most important effect is a suppression of the a
muthal correlation function at small relative angle
~‘‘Coulomb hole’’! the magnitude of which carries informa
tion about the space-time extent of the emitting syste
@14,15#. An additional damping of the in-plane to out-of
plane coincidence ratio is predicted for large charged-parti
multiplicities, but for the case investigated this damping is
insufficient magnitude to explain the observed@17,18# strong
damping of the azimuthal correlations with increasing valu
of NC or Et .

The model assumptions will be presented in Sec. II, a
numerical results will be discussed in Sec. III. A brief sum
mary will be given in Sec. IV.

II. PARAMETRIZATION OF INITIAL CONDITIONS

In order to assess distortions of azimuthal correlatio
functions by many-body final-state Coulomb interactions w
adopt a simple, but well-defined classical model@3# for an
796 © 1996 The American Physical Society
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instantaneous particle emission from the surface of a sph
containing a hot gas of nucleons and clusters. The par
eters of the model are the radiusR of the source, its angula
ere
m-
velocity v, and its temperatureT. The initial emission pat-
tern from this source is parametrized as@3#
d5N

dSd3v
}~ n̂•vW !expH 2

m~v222Rvvsinu8sinf8sina!

2T J . ~1!
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Here,v andm denote the velocity and mass of the emitte
particle;dSdenotes the surface element with normaln̂; a is
the angle between the axis of rotationvW and the velocity
vectorvW ; u8 andf8 denote the polar and azimuthal coord
nates of the surface normaln̂ for a coordinate system in
which the polar (z8) axis is parallel to the velocity vector

vW and the plane (x8,z8) contains the rotation axisvW . Our
choice of laboratory coordinate system is such that the be
axis is parallel to thezaxis and the angular velocity vector is
located in the~x,y! plane; the reaction plane is defined as th
plane perpendicular tovW which contains the beam axis. With
this choice of coordinate system,

sina5A12sin2usin2f, ~2!

whereu is the polar angle of the emitted particle with respe
to the beam axis andf is the azimuthal angle, with
f50° orf5180° indicating emission in the reaction plane

Integration over the surface of the emitting source giv
the emission pattern for a rotating classical gas@3#,

d3N

dEdV
}Ee2E/T

J1~ iAAE2Esin2usin2f!

iAAE2Esin2usin2f
, ~3!

whereJ1 is the first-order Bessel function and

A5A2m•vR/T. ~4!

In our simulations, the emission function, Eq.~1!, was
sampled randomly to generate the initial conditions of t
emitted particles. We have chosen source parameters w
provide transverse energy spectra and particle distributio
which resemble those measured for36Ar 1 197Au collisions
at E/A535 MeV @11,28#. Specifically we used the param
etersR510 fm,vR50.1c andT59 MeV. The element dis-
tribution of intermediate mass fragments~IMF: ZIMF>3)
was assumed to have the probability distribution

P~ZIMF!}exp~20.2ZIMF!. ~5!

The mass number,AIMF , was assumed to be that of the mo
abundant isotope of charge numberZIMF . The relative prob-
abilities for light-particle emission were chosen according
the ratios@11#

P~p!/P~d!/P~ t !/P~a!52.22/0.86/0.55/2.00, ~6!

and the probability of IMF emission was taken such that

^NIMF&50.143NC20.43, ~7!
d
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see also@29#. ForNC,4, we choseNIMF50.
Calculations were performed for fixed charged-partic

multiplicity NC . The initial conditions were generated b
randomly sampling the probability distributions, Eqs.~1! and
~5!–~7!. For large particle multiplicities, charge and ma
conservation was ensured by rejecting events for which
total emitted charge number,Z emit, was larger than the
charge number of the total system,Z tot597. Because of this
charge conservation constraint, the charge distribution
events with largeNC deviates from Eq.~5!, falling off more
rapidly at high values ofZ. ForZ emit,Ztot , a source residue
of chargeZres5Z tot2Zemit was assumed to be formed. Mo
mentum conservation was established by balancing the t
momentum of the emitted charged particles,Pemit, with the
momentum of the remaining system. The mass numbe
the source residue was taken asAres5Atot2A emit2NN ,
where Aemit is the combined mass number of all emitte
charged particles andNN5NC110 is the assumed neutro
multiplicity. The source residue’s momentum was taken a

Pres52Ares•Pemit/~A tot2Aemit!. ~8!

After having chosen the particles for a given event, th
initial positions at the surface of the emitting source and th
initial velocities, all particles were assumed to be released
the same time. Their trajectories were then evolved by
merically solving the classical equations of motion und
their mutual Coulomb forces. Relativistic effects were n
glected. In most calculations, the finite size of the emitt
particles was ignored, and the particles were treated as c
sical point particles. The exclusion of initial conditions i
which two particles were separated by a distance less t
dmin51.2(A1

1/31A2
1/3) leads to slightly attenuated azimutha

correlations at large multiplicities. To isolate the effec
solely due to Coulomb final-state interactions, we ignor
this multiplicity-dependent geometrical complication, as w
as a possible dependence of the source radius onNC .

III. RESULTS

In the following, we restrict the discussion to many-bod
Coulomb distortions calculated for emitteda particles. This
choice was made for the sake of brevity of presentation a
justified by the facts thata particles are emitted with large
cross sections and that they are sufficiently heavy to exh
clear signatures of the underlying collective motion@1–3,5–
8,11,12#. Energies and angles of the emitted particles will
given in the center of mass frame of reference. Modificatio
of single- and two-particle distributions will be discussed
Secs. III A and III B.
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A. Single-particle distributions

Energy spectra ofa particles emitted at angular range
u570°2110° and atu520°260°, calculated with and
without Coulomb final-state interactions, are shown in
top and bottom panels of Fig. 1. The main effect of Coulo
acceleration in the field of the emitting source is a Coulo
shift of the original energy distribution by the Coulomb ba
rier VC527 MeV towards higher particle energies~compare
solid and dotted curves!—justifying, a posteriori, the simple
Coulomb-shift approximation used in previous work@3,30#.
Many-body Coulomb interactions with other emitted pa
ticles, illustrated for the extreme case ofNC540, signifi-
cantly modify the low-energy, ‘‘sub-barrier’’ portion of th
energy spectrum. In addition, the high-energy tail of the
ergy spectrum becomes slightly flatter for high-NC events.

The modification of azimuthal emission patterns with
spect to the reaction plane due to finite-size effects is ill
trated forNC520 in Fig. 2. The figure shows initial~unper-
turbed! azimuthal distributions ofa particles positioned a
the surface of the source by assuming point particles~curves!
or nonoverlapping particles of finite size~points: excluded
volume assumption!. Consideration of excluded volume e
fects leads to a small multiplicity-dependent flattening of
initial azimuthal distribution. In the following, we adopt th
point-particle approximation, primarily in order to avoid
multiplicity-dependent geometrical distortion of the sing
particle emission pattern unrelated to final-state Coulomb
teractions. Together with the other simplifying assumption
instantaneous particle emission, the neglect of excluded
ume effects could lead to a slight overestimation of the d
tortions from many-body Coulomb final-state interactions
compared to a more realistic scenario in which the reac
zone is allowed to evolve dynamically into a possibly no

FIG. 1. Energy spectra ofa particles emitted atu570°2110°
~upper panel! and atu520°260° ~lower panel!. Dot-dashed curves
show energy distributions without Coulomb interactions, and so
curves show these spectra shifted by the Coulomb ene
VC527 MeV. Dotted curves illustrate the modification by Coulom
repulsion from the source, assumingNC51, and dashed curve
illustrate the effect of many-body final-state interactions
NC540.
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spherical and/or nonuniform density distribution, and
which particle emission occurs over a finite time interval.

Figures 3 and 4 show energy-integrated azimuthal dis
butions of a particles emitted at angular range
u570°2110° and atu520°260°, respectively. Because o
the (Esin2usin2f) dependence in Eq.~3!, emission in the
reaction plane is less pronounced at smaller angles tha
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FIG. 2. Curves and points compare the initial azimuthal dis
butions ofa particles emitted atu570°2110° for the emission of
NC520 point particles and for the emission ofNC520 nonoverlap-
ping, finite-size particles~excluded volume effect!, respectively.
Solid curve and solid points show energy-integrated distributi
dashed and dotted curves and open points show distributions fo
indicated energy cuts.

FIG. 3. Energy-integrated azimuthal distribution with respect
the reaction plane fora particles emitted atu570°2110°. The
solid curve shows the unperturbed distribution (NC51, no Cou-
lomb!; the dotted curve (NC51, with Coulomb! illustrates the dis-
tortion in the Coulomb field of the source (Zres595). The dashed
and dot-dashed curves illustrate many-body distortions forNC 5 20
and 40, respectively.
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54 799MANY-BODY COULOMB PERTURBATION OF AZIMUTHAL . . .
u590°. In Figs. 3 and 4, solid curves show unperturb
distributions (NC51, no Coulomb!. The case of maximum
Coulomb distortion in the field of the emitting source is re
resented by dotted curves (NC51, with Coulomb!. While
individual particle trajectories may experience significant d
flection in the Coulomb field of the emitting source, the a
erage azimuthal emission pattern exhibits little distortio
For large charged-particle multiplicitiesNC.20, the ran-
domizing perturbations due to many-body interactions w
the other emitted particles lead to a small flattening of
single-particle azimuthal emission pattern, see dashed
dot-dashed curves forNC520 and 40, respectively.

As can be qualitatively expected, many-body Coulom
distortions are more pronounced for particles emitted w
lower energy than for particle emitted with higher energ
This effect is illustrated in Fig. 5. The figure compares u
perturbed~curves! and perturbed~for NC540, points! azi-
muthal distributions of a particles emitted at
u570°2110° with energiesEa,E0 ~open points and
dashed curve! andEa.E0 ~solid points and solid curve!. In
order to account for the acceleration in the Coulomb field
the source, we have takenE0 5 30 and 60 MeV for the
unperturbed~no Coulomb! and perturbed~with Coulomb!
distributions, respectively. Azimuthal distributions ofener-
geticparticles thus offer the advantages of enhanced in-pl
emission@11# and reduced perturbation of this emission pa
tern from many-body Coulomb interactions.

Figures 6 and 7 show energy-integrated and ener
selected azimuthal distributions with respect to the react
plane ofa particles emitted atu570°2110°, but for a re-
duced angular velocity of the emitting source,vR50.05c.
The qualitative trends are similar to those established bef
Many-body Coulomb perturbations at high charged parti
multiplicity, NC540, lead to a significant modification of th

FIG. 4. Energy-integrated azimuthal distribution with respect
the reaction plane fora particles emitted atu520°260°. The solid
curve shows the unperturbed distribution (NC51, no Coulomb!;
the dotted curve (NC51, with Coulomb! illustrates the distortion in
the Coulomb field of the source (Zres595). The dashed and dot
dashed curves illustrate many-body distortions forNC 5 20 and 40,
respectively.
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single-particle emission pattern which is most pronounc
for low-energya particles and of minor importance for high
energya particles.

B. Two-particle correlations

Azimuthal distributions with respect to the true reacti
plane, such as those shown in Figs. 3–7, cannot be dire

to FIG. 5. Azimuthal distribution with respect to the reaction pla
for a particles emitted atu570°2110°. The solid~open! points
and solid~dashed! curve show distributions for high,Ea.E0 ~low,
Ea,E0) energya particles, respectively. Curves show unperturb
distributions (NC51, no Coulomb!; points show distortions for
NC540.

FIG. 6. Energy-integrated azimuthal distribution with respect
the reaction plane fora particles emitted atu570°2110°, for a
reduced angular velocity of the emitting system (vR50.05c). The
solid curve shows the unperturbed distribution (NC51, no Cou-
lomb!; the dotted curve (NC51, with Coulomb! illustrates the dis-
tortion in the Coulomb field of the source (Zres595). The dashed
and dot-dashed curves illustrate many-body distortions forNC 5 20
and 40, respectively.
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800 54R. POPESCU, C. K. GELBKE, AND T. GLASMACHER
observed because the orientation of the reaction plane ca
be accurately determined on an event-by-event basis. Th
fore, measured azimuthal correlations with respect to an
perimentally reconstructed reaction plane must be correc
for the resolution with which the reaction plane is dete
mined@11#. Azimuthal two-particle correlation functions ex
hibit a strong sensitivity to the azimuthal distribution o
emitted particles, but they do not require the reconstruct
of the reaction plane and allow therefore a more direct co
parison between theory and experiment. Beyond their se
tivity to the azimuthal ~single-particle! emission pattern,
two-particle correlation functions have additional sensiti
ties to final-state interactions between the two detected
ticles which depends on the space-time characteristics of
emitting source, see, e.g.,@15,31–37# and references given
there. While this particular aspect is contained in our cal
lations, we do not explore sensitivities to different spac
time characteristics of the emitting source, and refer
reader to the published literature.

Azimuthal correlation functions are defined as the ratio
the two-particle coincidence yield over a suitably chos
background yield, constructed by either the ‘‘event-mixing
or ‘‘singles’’ techniques@32,38#. In both techniques, corre
lations due to enhanced emission in the reaction plane
destroyed for the background events. In analogy, we c
struct azimuthal two-particle correlation functions fro
events of fixed charged-particle multiplicity according to t
definition

11R~Dfaa!5C

(
i
Yaa
i ~u1 ,f1 ,u2 ,f2!

(
iÞk

Ya
i ~u1 ,f11F i !•Ya

k ~u2 ,f21Fk!

.

~9!

FIG. 7. Azimuthal distribution with respect to the reaction pla
for a particles emitted atu570°2110°, but for a reduced angula
velocity of the emitting system (vR50.05c). The solid ~open!
points and solid ~dashed! curve show distributions for high,
Ea.E0 ~low, Ea,E0) energya particles, respectively. Curve
show unperturbed distributions (NC51, no Coulomb!; points show
distortions forNC540.
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In Eq. ~9!, C is a normalization constant; the labelsi and k
denote individual events;F i andFk are randomly chosen
orientations of the reaction planes for eventsi andk; sum in
the numerator extends over all eventsi and all coincident
pairs ofa-particles within a given bin ofDfaa5uf12f2u
~defined over the interval@0°,180°#) and selected by speci-
fied constraints onEa and u. In analogy, the sum in the
denominator extends over all pairs ofa particles from dif-
ferent events i and k within the corresponding bin,
Dfaa5uf11F i2f22Fku , and selected by the given con-
straints onEa and u. Correlation functions shown in Figs.
8–10 have been normalized by their integral over the interv
DfaaP@90°,180°#.

Energy-integrated azimuthal two-a-particle correlation
functions foru570°2110° are shown in Fig. 8. The solid
curve shows the initial~unperturbed! correlation function for
NC510, without final-state interactions. This correlation
function exhibits the well known V shape of the two-particle
distribution which arises from the in-plane enhancement
the single-particle emission pattern@3#. The dotted, dashed,
and dot-dashed curves show correlation functions modifi
by many-body final-state Coulomb interactions forNC 5 10,
20, and 40, respectively. As expected from Fig. 3, the am
plitude of the V-shaped modulation of the correlation func
tion decreases for large values ofNC . In addition, the two-
a-particle correlation function exhibits a pronounced min
mum atDfaa50° ~‘‘Coulomb hole’’! which is caused by
Coulomb repulsion between the two coincidenta particles.
As was already pointed out in@14,15#, the magnitude of this
minimum depends on the space-time characteristics of t
emitting source.

The magnitude and detailed shape of the minimum
Dfaa50° depend on the charged-particle multiplicity. This
effect is primarily due to the many-body distortion of the
single-particle emission pattern with respect to the reacti
plane, which leads to a multiplicity-dependent attenuation
the V-shaped azimuthal correlation pattern. Since in the c

ne
r

s

FIG. 8. Energy-integrated azimuthal two-a-particle correlation
functions, 11R(Dfaa), for a particles emitted atu570°2110°.
The solid curve shows the unperturbed correlation function f
NC510. The dotted, dashed, and dot-dashed curves show corre
tion functions modified by many-body final-state Coulomb interac
tions forNC 5 10, 20, and 40, respectively.
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54 801MANY-BODY COULOMB PERTURBATION OF AZIMUTHAL . . .
culations the orientation of the reaction plane is known, t
V-shaped ‘‘background’’ pattern can be eliminated by tu
ing off theF randomization in the calculation of the bac
ground correlation function. SettingF i5Fk50° in Eq. ~9!,
one can construct a correlation function, 11RF50°(Dfaa),
for fixed orientation of the reaction plane. This correlati
function, shown in Fig. 9, exhibits a clear minimum
Dfaa50° and is flat at large angles, but its shape is rat
insensitive to the assumed value ofNC . Such an insensitivity

FIG. 9. Energy-integrated correlation functio
11RF50°(Dfaa), for fixed orientation of the reaction plane an
for a particles emitted atu570°2110°. The solid, dotted, and
dashed curves show correlation functions modified by many-b
final-state Coulomb interactions forNC 5 10, 20, and 40, respec
tively.

FIG. 10. Azimuthal two-a-particle correlation functions for
NC540 and fora particles emitted atu570°2110°. Open and
solid points show unperturbed and perturbed correlation functi
respectively. The top and bottom panels show the correlations
low (Ea,E0) and high (Ea.E0) energya particles, respectively
Curves show fits with Eq.~10! as discussed in the text.
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follows from the Koonin-Pratt formula@31–33# which im-
plies that two-particle correlation functions at small relati
momenta are sensitive to the space-time geometry of
emitting source, but not to the multiplicity of emitte
particles—as long as the correlation function is domina
by the interaction between the two detected particles. T
calculated insensitivity of the small-angle behavior
RF50°(Dfaa) to NC then indicates that perturbations of th
Coulomb hole by interactions with other particles are sm

In the context of small-angle correlations, it should
noted that our investigation is aimed at providing an und
standing of the Coulomb modification of large-angle cor
lation functions. Therefore, the small-angle two-a-particle
correlation functions calculated in our Coulomb interacti
model are not sufficiently realistic to warrant a direct co
parison with experimental data since, for small relative m
menta, the experimental two-a-particle correlation function
is strongly contaminated by the decay of particle unsta
8Be nuclei, see, e.g.,@26,39–41#. Direct comparisons of ex-
perimental data and calculations such as ours could, h
ever, be made for correlations between other pairs of p
ticles ~such as tritons,3He, or IMF’s! for which the low-
momentum scattering is dominated by the Coulomb fo
and not by low-lying resonances.

In order to summarize the modifications of the tw
a-particle azimuthal correlation functions at large angles,
have fit the correlation functions, 11R(Dfaa), by a simple
functional form,

11R~Dfaa!5a0~11a2cos2Dfaa!, ~10!

and constrained the fit to anglesDfaa.45°. Representative
fits are shown in Fig. 10. This figure shows calculated tw
a-particle azimuthal correlation functions by points and fi
with Eq. ~10! by curves. Open and solid points show unpe
turbed and perturbed correlation functions forNC540, re-
spectively, and top and bottom panels show the correlati
for the low and high energy cuts used in Fig. 5.

Figure 11 shows theNC dependence of the paramet
a2, extracted from the azimuthal correlation functions of tw
a-particles emitted atu570°2110°. Circular points show
values extracted for energy-integrated correlation functio
Triangle- and square-shaped points represent results for
(Ea,E0) and high (Ea.E0) energya particles, respec-
tively. As before,E0 5 30 and 60 MeV for the cases withou
and with Coulomb acceleration, respectively. Open and s
points represent unperturbed and perturbed correlation fu
tions, respectively. For the cases investigated, the param
a2 exhibits a monotonic attenuation as a function ofNC . The
relative magnitude of this attenuation is most pronounced
low-energy particles and becomes insignificant for hig
energy particles.

IV. SUMMARY

In summary, we have investigated perturbations of a
muthal emission patterns by many-body final-state Coulo
interactions between emitted particles. The initial positio
and momenta of the emitted particles were selected acc
ing to a schematic model of instantaneous emission of p
ticles from the surface of a rotating hot gas. Consistent w
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d

ody
-

ons,
for

.



the
ar-
is
tic
en
ced
les
f

ou-
ns
is

ny-
ted
rly
les,
re-
ge-
ce
omb
pa-
istic
ent

for
lti-

G.

ter-
nce
95-

-

e

802 54R. POPESCU, C. K. GELBKE, AND T. GLASMACHER
previous parametrizations@3,30#, the acceleration in the Cou
lomb field of the emitting source was found to produce
shift of the energy spectrum of the emitted particles by
Coulomb energy,VC , but with little modification of the av-
erage azimuthal distribution with respect to the react
plane. For large charged-particle multiplicities, the rando
izing effects of the many-body final-state Coulomb intera
tions among the emitted particles lead to a slight broaden

FIG. 11. Dependence of the parametera2 on the charged-
particle multiplicity NC extracted from fitting azimuthal two
a-particle correlation functions, 11R(Dfaa), for a particles emit-
ted atu570°2110°. Open and solid points represent values
tracted from fits to unperturbed and perturbed correlation functio
Circular points show values extracted for energy-integrated co
lation functions. Triangle and square shaped points represent re
for low (Ea,E0) and high (Ea.E0) energya particles, respec-
tively.
-
a

the

ion
m-
c-
ing

of the azimuthal distributions and a related attenuation of
V-shaped azimuthal two-particle correlation functions, ch
acteristic of strong rotational motion. Not surprisingly, th
attenuation is more pronounced for particles of low kine
energy. In addition, the mutual Coulomb interaction betwe
the two detected emitted particles leads to a pronoun
minimum of the correlation function at small relative ang
~or, more precisely, relative momenta!. The precise shape o
this minimum was shown@14,15,34# to depend on the size
and lifetime of the emitting source.

A quantitative assessment of many-body final-state C
lomb distortions requires knowledge of the initial positio
and momenta emitted particles. Since such information
inaccessible to experiment, the quantitative effects of ma
body final-state Coulomb interactions can only be evalua
in a given model. Our calculations represent a particula
simple model scenario in which we assumed point partic
a rather compact initial geometry, and an instantaneous
lease of all emitted particles. Since less compact source
ometries or emission over a larger time interval produ
larger interparticle separations and thus reduced Coul
interactions, the many-body distortions calculated in this
per may be an overestimate in comparison to a real
physical situation. The effects are, however, of insuffici
magnitude to account for the observed@17,18# rapid attenu-
ation of V-shaped azimuthal two-particle correlations
central collisions selected by high charged particle mu
plicities @17# or high transverse energies@18#.
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