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What is ridge effect?

@ Ridge Effect has been observed in
long-range two-particle correlation.

passoc> 2GeV
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What is Ridge Effect?
Ridge Effect in Hydrodynamic Approach

What is ridge effect?

@ Ridge Effect has been observed in
long-range two-particle correlation.

pEssc>2GeV @ The is a narrow
AT A¢ and wide An correlation around
the trigger.

@ There is also some
: one or two ridges.

@ Originally, the trigger was chosen a
high-pr particle, but
now data are available also for
low-pr trigger or no-trigger.
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What is Ridge Effect?
Ridge Effect in Hydrodynamic Approach

Ridge effect in hydrodynamic approach

In a previous work [ ], we
got the ridge structure in a purely hydrodynamic model.
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Au+Au (Central) Collisions at 200 A GeV ~ pl'%® > 2.5GeV, p¥*°> > 1GeV
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What is Ridge Effect?
Ridge Effect in Hydrodynamic Approach

Ridge effect in hydrodynamic approach

What is essential to producing ridges in hydrodynamic
approach are

@ Event-by-event fluctuating initial conditions (IC)
and besides

@ Very bumpy tubular structure in the IC.

Nowadays, this kind of IC are being studied by several groups.

We have been using NEXUS event generator (
) for producing such fluctuating IC.
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NEXUS fluctuating initial conditions

Energy density distribution
(Central Au+Au collision at 200 A GeV)

in a transverse plane in a longitudinal plane
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One-tube Model

Some previous results

Our previous results can be seen in the following papers:

0000 060
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One-tube Model

Some previous results

In some of these papers, we have shown results of 3D hydro
calculations, starting from NEXUS events, obtaining some of
the experimentally known properties such as

@ centrality dependence (2., 3. and 4.)

@ trigger-direction dependence in non-central windows (2.,
,4.and 7))

@ pr dependence (3. and 4.)
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Some previous results

In some of these papers, we have shown results of 3D hydro
calculations, starting from NEXUS events, obtaining some of
the experimentally known properties such as

@ centrality dependence (2., 3. and 4.)
@ trigger-direction dependence in non-central windows (2.,
,4.and 7))

@ pr dependence (3. and 4.)

However, what is the origin of ridges?

On the origin of the trigger-angle dependence of the ridge structul

Y.H., R. Andrade, F.Grassi, W.Qian
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One-tube Model

One-tube model

In order to understand the dynamics of ridge formation, we
studied carefully what happens in the neighborhood of a
peripheral high-energy tube, introducing what we call
boost-invariant one-tube model (2.)
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A Brief Review of Previous Studies
One-tube Model

One-tube model: IC (central collision)
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One-tube Model

Time evolution of a tube + the average background

Energy density [GeV/fms], t=2.9fm
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Time evolution of a tube + the average background

Energy density [GeV/fms], t=3.5fm
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Time evolution of a tube + the average background

Energy density [GeV/fms], t=5.5fm
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Time evolution of a tube + the average background

Energy density [GeV/fms], T=6.6fm
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Time evolution of a tube + the average background

Energy density [GeV/fms], t=28.5fm
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Time evolution of a tube + the average background

Energy density [GeV/fms], t=9.8fm
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Time evolution of a tube + the average background

Energy density [GeV/fms], t=11.0fm
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One-tube Model

Time evolution of a tube + the average background

Energy density [GeV/fm®], 7 = 13.8fm
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A Brief Review of Previous Studies
One-tube Model

¢ distributions (left) and two-particle correlation (right)
produced by a tube + the average background
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What is in-plane/out-of-plane effect?

In non-central collisions (20-60% centrality), data have been
obtained, fixing the azimuthal angle of the trigger (¢s) (
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In-plane/out-of-plane effect

Comparison of NeXSPheRIO results (red line) on the in-plane/
out-of-plane effect with STAR data (

) for 20-60% centrality and 3 < p% < 4 GeV.
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@ One-tube Model for Peripheral Collisions
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One-tube model for peripheral collisions

We tried to understand this effect by using our one-tube model.

0.16
8 - t=1.0fm [GeV/im?] :;?Z 044 (20-30)%
8.90 042 peripheral Nexus tubes
7.70 3 01 Au+Au at 200AGeV
2
410 S oo
3.00 0.04
fgg 002 || “Fuee>
O:OB 0

0 5 10 15 20 25 30
Eqyoe [GEV/im]

. Andrade, F.Grassi i the origin of the triggel dence of the ridge structul



What is In-plane/Out-of-plane Effect?
In-plane/Out-of-plane Effect One-tube Model for Peripheral Collisions
Simple Analytical Model

In-plane/out-of-plane effect: one-tube model - dN/d¢
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In-plane/out-of-plane effect: one-tube model -
correlation
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In-plane/out-of-plane effect: one-tube model

Final results for two-particle correlations
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In-plane/out-of-plane effect: one-tube model

Final results for two-particle correlations
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But, how this effect is produced?
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In-plane/Out-of-plane Effect One-tube Model for Peripheral Collisions
Simple Analytical Model

Simple analytical model

Since the previous results are still not clarifying, we tried the
following analytical model,
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Simple analytical model

Since the previous results are still not clarifying, we tried the
following analytical model,

dNbackground ( ¢) dNtube

N (6.60) = (@60,
where dd) % ”
dl\lba;kqgjmum;’(gb) _ %(1 +2vfcos(2¢))  and
dNtube

(6, 01) = % > 2vfcos(n[é — ¢i) .

n=2,3

de

¢ is measured with respect to the event plane and ¢; is the
azimuthal location of the tube.
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Simple analytical model

The two-particle correlation is given by

dea/'r deair

dNair

mixed
dA¢ (¢S)> )

(¢5))P" P —(

where, in one-tube model,

ANpair roper d
Gy = [ G0 G 6n )G ¢(¢S+A¢ 6 and
dNPaf’ mixed __ d¢f d¢

(G e / 1(61) G (0 00) 5 (05+ 6. 6)

and ¢s is the trigger angle (¢s = 0 for in-plane and ¢s = 7 for
out-of-plane). We will take f(¢¢) = 1, for simplicity.
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Simple analytical model

Using our simplified parametrization, the two-particle
correlation for the in-plane trigger case is given as

ANpai N;
( dApzfﬁopef - <(27Tb)2>(1 +2v3)(1 + 25 cos(2A¢))
N
+ (507 D 2(v})? cos(nAg) and
n=2,3
ANpair Np >2
( dApzr>I(,r77/xed _ <(27’:)2>(1 +2v2)(1 +2vf cos(2A¢)).
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Simple analytical model
So, by subtracting each other, the in-plane correlation is

deair ) < N§ >—< Ny >2 b b
( dno Yin = @7 (1 +2v3)(1 + 2v5 cos(2A¢))
Ni 2 12
+ E) ,7;32(‘/") cos(nAg) .
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Simple analytical model
So, by subtracting each other, the in-plane correlation is

deair ) < N§ >—< Ny >2 b b
( dno Yin = @7 (1 +2v3)(1 + 2v5 cos(2A¢))
Ni 2 12
+ E) ,7;32(‘/") cos(nAg) .

Similarly, the out-of-plane correlation is given as

(Goron = PSP (1-2)(1- 28 cos(2a0)
+ (%)2 > 2(vi)?cos(nAg) .
n=2,3
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Simple analytical model
So, by subtracting each other, the in-plane correlation is

deair ) < N§ >—< Ny >2 b b
( dno Yin = @7 (1 +2v3)(1 + 2v5 cos(2A¢))
Ni 2 12
+ E) ,7;32(‘/") cos(nAg) .

Similarly, the out-of-plane correlation is given as

(Goron = PSP (1-2)(1- 28 cos(2a0)
+ (%)2 > 2(vi)?cos(nAg) .
n=2,3

The contribution of the backgound v» has opposite signs in
these cases !
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Simple Analytical Model

Simple analytical model
So, by subtracting each other, the in-plane correlation is

deair ) < N§ >—< Ny >2 b b
( dno Yin = @7 (1 +2v3)(1 + 2v5 cos(2A¢))
Ni 2 12
+ E) ,7;32(‘/") cos(nAg) .

Similarly, the out-of-plane correlation is given as

(Goron = PSP (1-2)(1- 28 cos(2a0)
+ (%)2 > 2(vi)?cos(nAg) .
n=2,3

The contribution of the backgound v» has opposite signs in
these cases ! = In-plane/out-of-plane effect
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What is In-plane/Out-of-plane Effect?
In-plane/Out-of-plane Effect One-tube Model for Peripheral Collisions
Simple Analytical Model

Simple analytical model
So, by subtracting each other, the in-plane correlation is

ANpair, < Ng > — < N, >* b b
({ 1Y) Yin = @7 (1+2v2)(1 + 2v2 cos(2A¢))
Nz 0
+ (27T) n:§232(vn) cos(nA¢) .

Similarly, the out-of-plane correlation is given as

, 2 2
Gt = (12121 cos(200)
Nt (2 £\2
+ (5) n§32(vn) cos(nAg).

The contribution of the backgound v, has opposite signs in
these cases! = In-plane/out-of-plane effect
The multiplicity fluctuation is essential.
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What is In-plane/Out-of-plane Effect?
In-plane/Out-of-plane Effect One-tube Model for Peripheral Collisions
Simple Analytical Model

Simple analytical model

With an appropriate choice of parameters, we have

Background in-plane One tube: Background out-of-plane

1ININ_das
1IN,ON_dag
1IN,GN_/das

Correlation in-plane Correlation out-of-plane

1NN /s
1NN /s

dence of the ridge structul
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Summary

Summary

@ Hydrodynamic expansion starting from fluctuating IC with
tubular structure produces in the 2-particle
correlation.
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Summary

Summary

@ Hydrodynamic expansion starting from fluctuating IC with
tubular structure produces in the 2-particle
correlation.

@ A high-density peripheral tube causes flow with two
maxima in azimuth, symmetrical with respect to the tube

position.
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Summary

Summary

@ Hydrodynamic expansion starting from fluctuating IC with
tubular structure produces in the 2-particle
correlation.

@ A high-density peripheral tube causes flow with two
maxima in azimuth, symmetrical with respect to the tube

position.
@ Such a flow implies a and
in A¢ in the 2-particle
correlation.
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Summary

Summary
@ In , the NeXSPheRIO code gives
correct qualitative behavior of the in-plane/out-of-plane
effect.
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Summary

Summary
@ In , the NeXSPheRIO code gives
correct qualitative behavior of the in-plane/out-of-plane
effect.

@ A simplified analytical one-tube model shows that this
effect appears because, besides the contribution coming
from the peripheral tube, additional contribution arises from
the background elliptical flow, due to the multiplicity
fluctuation.
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Summary

Summary
@ In , the NeXSPheRIO code gives
correct qualitative behavior of the in-plane/out-of-plane
effect.

@ A simplified analytical one-tube model shows that this
effect appears because, besides the contribution coming
from the peripheral tube, additional contribution arises from
the background elliptical flow, due to the multiplicity
fluctuation.

e The latter is back-to-back (A¢ = 0 — x) in the case of
in-plane triggers (¢s ~ 0) and

e rotated by 7/2 (A¢p = —7/2 — —7r/2)in the case of
out-of-plane triggers (¢s ~ 7/2).
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Summary

Summary

See more in 's and 's talks.
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Backup slides

In-plane/out-of-plane effect: new data

New data have been obtained, excluding jets, by taking
particles with |[An| > 0.7 (

).

* STAR collab
0.4 | — NexSPheRIO (50-60)%
-1<n<1
03[ 1An|>07
.

1/(Ny) N/dAG

* STAR collab.
0.4 | — NexSPheRIO (50-60)%

-l<n<l1
03[ |an|>0.7

1/(Ny) dN/dAG

T

Our preliminary results, by using NEXSPheRIO, are shown for

comparison.

Y.H., R. Andrade, F.Grassi, W.Qian
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