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1. Stochastic equation in longitudinal rapidity
and transverse momentum variables

Ornstein-Uhlenbeck process in 3D
2

) 9 &
Eﬂr, t) = Z {Nié;imﬂf’(f: t)+ Dia_xtg‘i’(r* t)}

1=1

2 mablr, ) + Dy Db, )
TBEEEE ' 33:53 ]

initial condition: ¢(r, t = ty) = §°(r — 1)

Die D [z, = pcos@
{MZMZM m;=y Ty = psinf
Dy =Dy =D, T30 = Yo T10 = pPo COS By

| T = posin B

{ I."f- P'ﬁ /Iﬂ pr — 1 _ E_zf-‘r{t_tl:l)
A » PTL/“I"I Py = ] — E_ET{t_tﬂ}

¢(r, t) = (2m)

_3/2 M ( ¥ )”:xp {'T(y—ym/l—m)

D;p, -Dp’r Q‘DPT
 pel(@1 = 2201 = pp)? + (w2 — 220/ T — pr)ﬂ]}
2D,p,

- ‘ﬁ"r’:yr t)qﬁ.,.l:p, H: t):

where ¢, (y, t) : rapidity distribution,
p— pr: op, 8, t) : pr distribution



After 0 integration
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This Equation is equivalent to the expression obtain by Volo-
schin, Phys. Rev. C55 (1997) 1630,
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The transverse isotropic expansion of the source can be
described as a superposition of different sources moving ra-
dially with an expansion velocity Sy. Then the (nonrelativ-
istic) transverse momentum distribution of protons from a
radially expanding thermal source can be written as
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where pg=m 8. The integration over 4 (the orientation of
the expansion velocity) results in the distribution
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where [, is the modified Bessel function, and £= Bep, /T.
Using the formula (3) one gets an expression forv:
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FIG. 1. v(p,): solid lines—Eq. (6), dashed lines—Eq. (3).
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In our analysis we work in the frame moving longitodinally
with the effective source rapidity. In this frame the longitu-
dinal particle momenta usually can be neglected, which was
done in the derivation above. If one considers the particle
production with rapidities far from the rapidity of the effec-
tive source, when particle longitudinal momenta are large,

one should make a substitution m— q'm!+_pf,



2. Diffusion equation in the Hyperbolic Space H*

The geodesic polar coordinate

v = I;, tanh p cos @
Vg = %—taﬂhpsinﬂcusﬂa
vy = %‘- tanh psin @ sin ¢
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p : radial rapidity
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The metric is written as

ds? = dp? + sinh?® p (d§?* + sin® 8d¢?)



Diffusion equation
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Approximate solution for Dt << 1
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This is the solution of the equation with radial sym-
metry;
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The geodesic cylindrical coordinate
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We can analyse transvers momentum (rapidity) dis-

tributions at fixed longitudinal rapidity (n = 0,2.2,---),
using the equation,
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3. Analysis of P, distributions observed at the RHIC

centrality m C o(t)? Yo
00-05% 0.51 380.5+11.5 0.356+ 0.001 149.08°
05-10% 0.50 3160+ 94 0.362+ 0.001 119.96
10-20% 049 2354 + 7.1 0.3724 0.001 115.20
90-30% 048 166.6 + 50 0.378+ 0.001 97.94
30-40% 045 111.1 + 3.3 0396+ 0.002 67.8
40-60% 043 59.0+ 1.8 0409+ 0002 678
60-80% 036 268 +08 0451+ 0002 259

STAR(n = 0) error:10% m‘d")(. - i'.{' -3

centrality m C o(t) Xiin
00-10% 0.71 121.0 £0.7 0.307+ 0.001 351.2
10-20% 0.67 887+ 06 0325+ 0.001 2335
20-40% 063 569+ 0.7 0340+ 0.001 978
40-60% 0.57 275+ 0.5 0358+ 0.002 28.7

BRAHMS(y = 0) : statistical error only aelf. = 24=3

centrality m C ot}  Xeun
00-10% 0.80 52286 + 1575 0.470+ 0.002 93.7
10-20% 0.84 41669 £ 1561 0.452+ 0.002 30.5
20-40% 0.81 19364 + 862 0469+ 0.003 68.9
40-60% 0.70 6070 £ 418 0.524+ 0.005 3.1

BRAHMS(n = 2.2) : statistical error only 4, ‘..F_ s I3
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4. Summary

A formula proposed by Voloshin is derived from the
stochastic model (Ornstein-Uhlenbeck process). How-
ever, it is gaussian in p;, and observed p; distributions
at the RHIC ca.nnunt‘;%%escribed by the formula.

A stochastic process in the three dimensional hyper-
bolic space H® is taken as a model of particle produc-
tion processes. TheJsolution is gaussian-like in radial

rapidity. @pprogimale

sd. 2
P, distributios at n = Uinbserved by the BRAHMS
collaboration and those at 77 = 0 amd=2-2 observed by
the STAR collaboration are analysed.

Observed p; distributions are well described by the
formula (gaussian in rapidity variable), if value of

mass contained in rapidity is used as parameter.

Variance _ _ ,
(Widthlo?(t) increases as the centrality cut increases.

Mass m decreases as the centrality cut increases.

Estimated values of 0%(t) and ni'from the STAR col-
lab. are larger than those from the BRAHMS collab.
at the same centrality cut.



