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1. Introduction

One of the most striking results in relativistic heavy-ion collisions at RHIC 4@, is the
existence of structures in the two-particle correlations [2, 3, 4, 5, 6loffed as function of the
pseudorapidity differencAn and the angular spacinfyp. The so-called ridge has a narrdvp
located around zero and a lodg) extent. The other structure located opposite has a single or
double hump i\eg.

In a previous work,[8] we got the ridge structure in a purely hydrodyinamodel. What
is essential to producing ridges in hydrodynamic approach are: i) Eyeatent fluctuating ini-
tial conditions (IC); and besides, ii) Very bumpy tubular structure in theQ@. code NeXSPhe-
RIO uses this kind of IC, produced by NEXUS event generator,[9heoted to SPheRIO hydro
code.[10] In our previous studies on ridge, by using 3D NeXSPheRt®,ove obtained some of
the experimentally known properties such as

e centrality dependence,[11, 12, 13]
o trigger-direction dependence in non-central windows,[11, 12, 1|3, 14
e py dependence,[12, 13]

However,what is the origin of ridges?In order to understand the dynamics of ridge for-
mation, we studied carefully what happens in the neighborhood of a peaipfigh-energy tube,
introducing what we calboost-invariant one-tube modgi1]

2. In-plane/out-of-plane effect

In non-central collisions (20-60% centrality), data have been obtafineédg the azimuthal
angle of the triggerd¢s) with respect to the event plane.[16, 17] As shown in Fig. 1, the ridge-stru
ture inAg depends on the trigger direction, especially on the away-side. It chaogginuously
from one-broad-peak structure @ = 0 (in-plane trigger), to double-peak structureggt= 71/2
(out-of-plane trigger). The change is particularly manifest for largeraverse momentum of the
associated particle. We tried to see whether this behavior can be obtainealwikle XSPheRIO
code.

The results are shown in Fig. 1, with solid lines. Here, we emphasize that #hegesults
of no-parameter computations, having been all the parameters fitted wigviming the single-
particlen and pr distributions. So, we think NeXSPheRIO code can reproduce the data quite
reasonably.

Now, how is this effect producedrying to clarify the origin of the effect, we again used the
boost-invariant one-tube model, now adapted to non-central collisinf®efl [18], by considering
the (20-30)% centrality window, we took as the background the averaggye density distribution
obtained with NeXSPheRIO, which now has an elliptical shape. A randonthydited peripheral
tube is put on top of this as our initial conditions. As shown there, this modeal dgeoduce the
in-plane/out-of-plane effect, as exhibited by two-particle correlation.H&tare, we reproduce in

1see more details in Ref. [18].
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Figure 1. Comparison of NeXSPheRIO results (solid curves) on theyérigangle dependence of two-
particle correlation, as function &, with data points [16].
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Figure 2:  Two-particle correlation as function of
A for two different trigger angles.

Fig. 2 only the final results, after integra-
tion over the random tube position, for two
different trigger angles¢k ~ 0: in-plane
andgs ~ 11/2: out-of-plang.

However, the mechanism of this effect
is still not transparent. In order to make
it clearer, we try the following analytical
parametrization of the angular distribution,
which is valid if the amplitude of fluctua-
tions is small enough:

dN ~ dNygg dNupe
@(fp,cn)— do (@) + do (0,@), (2.1)
where
d N
2 (p) = po(l+2foos2g)  and (2.2)
dNupe . N
do (@) = grn;gZ\fnCOS(n[cp—ca])- (2.3)

The azimuthal angle is measured with respect to the event plane, @nd the location of the
randomly distributed tube. For simplicity, in the tube contribution, Eq.(2.3), weinmed only
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the dominant4, and\} terms, although in a more precise hydro calculation higher-order Fourier
components do appear. They are small.
The two-particle correlation is given by

(D ) = { o)) W ) @4

where, in one-tube model,

deair proper d(ﬂ dN dN

< dAg > f(%)d(p(% (R)d(p((l’s+ ¢.@q)  and 2.5)
d Npair mixed dq} dN N

< dAg > / fla <P()d¢(<ps,<n)dcp(cps+A<p,<n) (2.6)

Here, g is the trigger angle¢ = 0 for in-plane andp; = J for out-of-plane trigger) and (@)
is the distribution function of the tube. We will takd@) = 1, for simplicity. Notice that in the
mixed events, integrations both owvgrand ¢/ are required, whereas only one integration, ager
is enough for proper events in the averaging procedure. This differleecomes essential.

Using our simplified parametrization, Eqgs.(2.1), (2.2), (2.3) and, by gigaver events, the
two-particle correlation for the in-plane trigger is given as

dNogir proper N2
<dqu) > _<(27% (1+243) (1+ 2B cog209)) + gz 2cognAg)  (2.7)

and

(1+23)(1+ 23 cog2Ap)). (2.8)

dea|r mixed < Nb >
< dAg > - (em?
Observe the difference between the factors multiplying the backgroumd tefr the proper- and
the mixed-event correlations. So, by subtracting Eq.(2.8) from Eq.(th&)resultant in-plane
correlation is

X 2 o 2
<de"‘”> = =M =T oy (14 28c05200)
in—plane

dAg (2m)2

(o) 3, 207c0sncg). 29)

i.e., if the multiplicity fluctuateshe background elliptic flow does contribute to the correlation.
Similarly, the out-of-plane correlation is given as

deair> <N€>—<Nb>2
= 1—2V3)(1— 25 cog2A¢
< dAg out—of—plane (27‘[)2 ( 2)( 2 i ))

(o) 3, 20c0s00). (2.10)

One sees that, because of the change in the trigger gadl®e— 11/2), the cosine dependence
of the background contribution has an opposite sign, as compared to ptemim-correlation\We
found the in-plane/out-of-plane effed illustrate these results, plots are shown in Fig. 3, with an
appropriate choice of parameters.
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Figure 3: Plots of two-particle correlation. From the left to the tigli) the one-tube contribution; (ii)
the one from the background (dashed line) and the total anil (ine) for in-plane triggers, as given by
Eq.(2.9); and (iii) the corresponding ones for the out-lafre triggers Eq.(2.10).

3. Conclusions

We conclude that the NeXSPheRIO code gives correct qualitativertoglod the in-plane/out-
of-plane effect. A simplified analytical parametrization, based on onedtutdel, shows that
this effect appears because, besides the contribution coming fromripbgral tube, additional
contribution arises from the background elliptical flow, due to the multiplicitytflaton. The
latter is back-to-backig = 0, m) in the case of in-plane triggerg{ ~ 0) and rotated byt/2
(Ap = —m/2, 1/2) in the case of out-of-plane triggemgs(~ 711/2).
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