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Transverse radial expansion and directed flow

Sergei A. Voloshifi
Physikalisches Institut der Universitaleidelberg, Heidelberg, Germany
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The effects of an interplay of radial expansion of the thermalized system created in a heavy ion collision and
directed flow are discussed. It is shown that the study of azimuthal anisotropy of particle distribution as a
function of rapidityand transverse momentum could reveal important information on both radial and directed
flow. [S0556-28187)50304-9

PACS numbeis): 25.75.Ld, 24.10.Jv

Recently, the study of collective flow in nuclear collisions d3N d3N

at high energies has attracted an increased attention of both EdT:W
L . : P pdpdyde

theoreticians and experimentalists. There are several reasons
for that: (i) the observation of anisotropic flow at the 1 2 ,
alternating-gradient synchrotrqAGS) [1,2] and, probably, o p,d ptdy[1+2v1c03¢> )
at the superproton synchrotrd8PS [3] energies(ii) better )
theoretical understanding of the relation between appearance +2v,0042¢")+ -], )

and development of flow pattern during the fireball evolution do. d q N bl d The d d
and the processes such as thermalization, creation of quarﬁn vy depenas on two vanablgsandp,. 1he dependence
gluon plasma, phase transitions, d#-7], (iii) the study of v1(py) for particles with a given rapidity is the main topic of

. ' . e the current study. We will show that the radial expansion of
mean field effect$6,8], (iv) the importance of flow for other : o . . .
measurements such as two-particle interferomggry13 the source results in specific shapes of this function, which

devel f hni itable for fl d can be studied experimentally, providing information on the
(\./) eve op_ment of new techniques suitable for flow _stu Y aljirected as well as radial components of the effective source
high energie§14,15. Although all forms of flow are inter-

: _ velocity.
related and represent only different parts of one global pic- Ejrst studies of event shape anisotropy as a function of
ture, usually people discuss different forms of collectivegnsverse momentuil6,17] have shown very interesting
flow, such as longitudinal expansion, radial transverse exresults. Such a study using Fourier decomposition of the azi-
pansion, directed flow, and elliptic flojiL5,8]. muthal distribution promises a better quantitative description
Flow introduces a strong space-momentum correlation irbf the effect. One of the advantages would be the possibility
the particle production. Particles with a given rapidity andto correct the results for the reaction plane resolufn4).
transverse momentum are produced only by some part of thHehe analysis ob1(p,) is to a large extent independent from
entire source. This part we call as an effective source. Ithe uncertainties in thp, dependence of spectrometer accep-
moves with the rapidity close to that of the particf@sl1] in tance and efficiency, and in this sense such an analysis has
the midrapidity region, or slightly less than that for particles preference in comparison with the analysis of triple differen-
in the fragmentation regiofiL3]. The subject of the current tial distributions.

study is transversé¢radial and directedflow, namely the Tre}nsverse dirgcted flow is a result of a movement of an
questions how azimuthally symmetric radial flow interfereseffective source in the transverse plafielow we assume
with directed flow and affects the directed flow signal. that this movement is along thex" axis). In the source rest

amplitude of the first harmonic in the Fourier decompositionT h€ final anisotropy(here and below we discuss only the

of the particle azimuthal distributiofl4]. Depending on first harmonic of the azimuthal distributibappears onlyas
which particular distribution is studied, the coefficients in the® cOnsequence of the source movement in the transverse di-

Fourier decomposition depend on different variables. If it isrection. Below we derive a general expressionfgrassum-

a two-dimensional rapidity and azimuthal angle distribution,li1g| that thde flnva_rlanI'F (_jlstr|bL_1t|onh|n”the source rest frame is
thenv, depends only on rapidity, ant=(p,)/(p,), where nown and(for simplicity) azimuthally symmetric
{py) is the mean transverse momentum, dpg) is another d3
widely used quantity to describe flow, the mean projection of EdTEJ(pt,y) =J(p;,Y). 2
the transverse momentum onto the reaction plane. If one P
studies the production of particles with a given rapidity andgg rce movement in the transverse direction results in
transverse momentum, then J—J'=J(p,,y), wherep,’ is defined by the Lorentz shift
with velocity B, along the ‘X" axis. Assuming that the shift
is small (the directed flow velocity expected to be
*On leave from Moscow Engineering Physics Institute, Moscow,8,=<0.1), py=px—BsE, and taking into account that
115409, Russia ap;/ Ipyx=cos(p), one gets
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; :fd¢~](pt',Y)CO-‘—{¢):_,3aE dinJ(p;,y) 3) 0.5
Y [ded(pyy) 2 dp —
> L 1. 8,=0
A comparison of exact numerical calculations for the models 0.4
discussed below with the results of application of this for- r 2. Bo=0.35

mula shows that, for the values 8f<0.1, the formulg3) is
accurate at the level of a few percent.

Below we apply the derived formula to a few particular I
cases, when the thermal source undergoes an isotropic ex- 0.2
pansion. We first consider an expansion in a nonrelativistic i 1
case, then go to a relativistic generalization, and, finally, dis- i
cuss a model of isotropically expanding thermal sh#8], 0.1r o
widely used in the analysis of BEVALAC and SIS data T
[19,20. Using simple models permits us to perform all cal- r 3
culations analytically to keep clear the qualitative features of
the effect. Note that directed as well as isotropic expansion
velocities are defined in the frame moving longitudinally T S S
with the rapidity of the effective source. 0 0.2 0.4 0.6 0.8 .

Directed flow of protons is the most pronounced and less p. (GeV)
affected by another effects such as shadowing. Protons are
relatively heavy particlesng>T, m is the proton mass[ is FIG. 1. vy(py): solid lines—Eq.(6), dashed lines—Eq(8).
the temperatude and often can be treated as nonrelativisticT=0.1 GeV,8,=0.1.
particles. This is certainly justified in the source rest frame, P:Ba
where the proton kinetic energy is of the order of tempera- vi(py) = T
ture E* —_r_n~_T< m. To have the poss_ibility to treat protons |, o analysis we work i
nonrelativistically in the transverse direction in thralysis
frame, we have to assume that—m<m, which restricts

0.3 L 3. 60=O,55

1- mpBo |1(§)). ®
Pe lo(£)

n the frame moving longitudinally
with the effective source rapidity. In this frame the longitu-
o . , . dinal particle momenta usually can be neglected, which was
the nonrelativistic consideration to the region pf<0.5  yone in the derivation above. If one considers the particle
GeV. . , , production with rapidities far from the rapidity of the effec-

The transverse isotropic expansion of the source can b source, when particle longitudinal momenta are large,

described as a superposition of different sources moving I8 e should make a substituti \/m2—+pz
dially with an expansion velocity,. Then the(nonrelativ- It follows from Eq. (6) that in the casle; without radial

istic) transverse momentum distribution of protons from a . )
radially expanding thermal source can be written as expansiony , linearly depends on .the transvgrse momentum
with the slope of 0.B,/T. The radial expansion of the sys-
1 d?N 1 f tem decreases the directed flow signal changing also the
———=—————1 dyexp shape ofv,(p,) in the low p; region. Remarkably, at some
N dpi  (2m)"(2mT) parameter values, namely such thag3/2>T (for T=100
[Px— PoCOS ) 12+ py— Posin(¢) ] MeV it corresponds tq8,>0.46),v,(p;) has a region(at
- omT ) 4) small p;), where it is negativesee Fig. L Physically it
corresponds to the case when particle production with such a
where po=mg,. The integration overy (the orientation of value of p; is more probable from the part of the effective
the expansion velocijyresults in the distribution source which moves to the opposite direction than the flow
direction (in this case directed flow and “expansion” flow

X

1 d°N 1 pt2+ p% compensate each other
N dp. ~ 2m(zm O " 2mt )& O he relativisti lization of the above formulas i
N dp, 2m=(2mT) omT The relativistic generalization of the above formulas is
straightforward, although results into somewhat less trans-
wherel, is the modified Bessel function, ard= Bop:/T. parent expressions. The invariant distribution in this case can
Using the formula(3) one gets an expression foi: be written in the form

3 | ayEre =M= [ dyfEcostiy, —picos ysintty, Texpi ~[Ecostiyy — picos ysinhy) IT)

=Te "xlo(§)—&11(8)], "

where y=Ecosh§)/T, &= psinh§y)/T; y;=0.5IN(1+ By)/(1— Bo)] is the transverse rapidityy and 1, are modified Bessel
functions. Such a distribution yields

_ Bapicostiyy) ( 1! 1(€)E?sini(y,)coshiy,) +1o(£)[piTcoshy,) — ETsinh(y,)?]
2T peTeosty)[xlo(€) = él1(£)] '
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Note that the energ¥ is measured in the frame moving different notation to distinguisiB, from B, the expansion
longitudinally with the same velocity as an effective source.velocity in the transversplang, the expected invariant dis-
Studying particle production close to the fragmentation re+ribution has the fornj18,19

gion, one should remember that the rapidity of the effective

source could be less than that of the partidl&3]. In this 3 sinh(«) B
caseE =m,coshg* —y), wherey* is the effective source ra- Jocexp(=By/T)| — — (E+Tly)=coshe)Tly|, (9
pidity.

If the particles are emitted from a thermalizegherical wherey= 1/\/1—,82_ anda= B,pvy/T. An application of the
shellat temperaturd, expanding with velocity3, (we use a  prescription(3) gives

_ PtBay
V1T o7

—sinh(a)T/y}B,E/p)/[(E+ T/ y)sinh a)/ a—cosia) T/ y]. (10

(Esinh )/ a—cosi a) T/ y+{(E+T/y)[cosK a)/ a—sinh( a)/ a?]

Qualitatively this model predicts the same dependenciesf the system as an effective temperature, radial expansion,
v,(py) as the model with the expansion only in the trans-and directed flow velocities. Strong radial expansiaip-
verse plane. However, due to the expansions in three dimeproximately 8,=2T/m) would evidence itself in the di-
sions, the value of the expansion velocity in this modelrected flow signal showing an antiflow of the particles with
needed to describe the dip inp, at low p, is about 15% |ow transverse momentum. The preliminary results of the
larger. E877 Collaboration presented at HIP-AGS '96 Workshop

Summarizing, it is shown that a study of the dependencesq] guggests that such a regime could be the case in gold-
of the amplitude of the first harmonic in the azimuthal d's'gold collisions at the AGS.

tributions on transverse momentum reveals important fea- _ _ _
tures of directed and transverse radial flow. The magnitude The author acknowledges the discussions with W.-C.
and the shape af;(p,) is very sensitive to such parameters Chang.
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