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Higher harmonic plane & flow

» Fluctuations of initial collision geometry lead to higher harmonic deformation
» Deformation is transferred to momentum space by collective expansion (hydrodynamics)
» higher harmonic anisotropy emerged

Azimuth. dN

distribution % x 1+ 2vy cos2(¢p — Do) + 2vz cos 3(p — P3) + 2v04[Py] cosd(p — Py)

C lati
orrz)?_lgzl_%nzong (cos6(P3 — P3)) =0 (cosd(Py — P2)) = vg(P2)/va(Py)
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v, : possible source of “Ridge” and “Shoulder”

Jet(Ap) = C3(A¢) — boFlow(Ag)

AusAu central  Phys. Rev. C 80, 064912 (2009)
3<p,"9<4 GeV/c

c = Phys. Rev. C 78, 014901 (2008)
2< pyss° < p;M9G < . - o:p+p
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R N - i DH v, subtracted i
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2l B 02 b ol [l el
471 -
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S
Shoulder
3
Ridge : near side long range Shoulder: double hump at away side
An correlations of A¢ correlations (also long in An)

. tri
» Flow correlation from v; term ~ by2vs "7 v5%%° cos 3A¢

» v; subtraction would reduce Ridge and Shoulder = possible source
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2 particle correlations at [An|<0.7

v, : central track (|n|<0.35)
with forward EP(1.0<[n|<2.8)

m|S [

“z 3 ’ v, BG corrected | v,,v;,v, BG corrected

ol 02 i PHENIX prelimina
i [\ eAudu(Bs) [ ° Y

‘ . p+p (ZYAM) [ . 200GeV Au+Au
I 0-20%, inc. y-had.

2-391-2GeV

3
1

LN . "

» Shoulder structures almost disappeared at 0-20%
» Shoulder is described by v and v,{®,} at small |An)|
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2 particle correlations at 2<|An|<5

ATLAS Preliminary 2< p;,pg <3 GeV

6
C(Ag)=b""(1+2v]] cosAg+2) Vi’V cosnAg)
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O measured correlations N
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~| 5| I
AR Track at n|<2.5
~— | . .
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Ol 9 ¢ - o™ X 1 a @, FCAL33<n|<4.8
: | P
= | Pb+Pb 2.76TeV| e
3 Y P =8ub Q ¢ 0-5% 2<|An|<5 | v, with 2Par. Cor Method
u ATLAS Preliminary 20 < p;,p: <3.0GeV | Cha-rg.ed particle pair with large
oogb——t .+ T L rapidity gap e.g. |An[>2
-1 0 1 2 3 4

Ad
» Ridge and Shoulder are described by higher v_ at large |An)|
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Motivation

» Ridge and Shoulder can be described by v, in central collisions

small [An| (Au+Au 200GeV) = —eeemeee- Described
large |An)| (Pb+Pb 2.76TeV) Described Described

» Whether Ridge and Shoulder can be described by v, at
peripheral collisions!?

» How is the correlation changed depending on |Ar)| gap

» Shoulder structure in small |An| gap is tested with v, v; and v, subtractions

small [An]| e tested
large |An)| not yet not yet
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Data set & measured value

» AutAu 200GeV, 3.2 billion Minimum Bias Events taken in 2007

» 2 particle charged hadron correlations at |An|<0.7, Centrality : 0-50%

090
 Simulated Flow with measured v,

0.85

0.95F

» Trigger pr = 2~4 GeV, Associate py = |~2 GeV

- AuAu 200GeV, h*-h*, p, 1-202-4GeV

- 20-30%

1g_Cz[data] :jet+flow+cross term...

—and <I> -, correlatlons |
3 2 1 o 1 2 3
Aq) - q)asso B (I)trig

L NE
Cs[Data-flow] x ~ Ntrig

>

Pair yield per a trigger

1/N tringpair/ dA¢
ZYAM Method Subtraction Applied
dANPr [dAp NPT
Co(89) = T I0 Do
dez:ced/dA¢ Nsame
8
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v2, v3 and v4{®,} subtracted correlations at |An|<0.7

-

Au+Au\/SNN=200GeV h*-h": p,=2-4®1-2 GeV Sliced within |An|<0.7 Ev2 v3 v4(d,) subtracted with <cos4(®,-0,)>=v (D,)v (P,)
- - by ZYAM Method

L~
© PHENIX _ .
r Prellmlnary 0-10(%’ :— 10-20% :_ 20-30% :_ 30-40% :_ 40-50%

01

A9 =0,,,,-9,, [rad]

» Shoulder almost disappeared at centrality 0-10% as previous results
» “New” shoulders emerged in peripheral collisions

» systematic error is relatively large
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Fitting to flow subtracted correlations

Au+Au\)SNN=200GeV, h™-h* correlations at |An|<0.7, pT:2-4®1-ZGeV

Fit function: J(A¢) =%°_ J,cos(n*A¢)

0.1 v2,v3, va{®,} subtracted with Cen“’a“ty 0-10%
g 0.085— <cos(4(d,-D,)> =va{D,}/va{ D} :J(A0)[total]
2 OJ:PHENIX Preliminary
g 006 — 1Jy(offset)
= 0.04f
o %
o, . : — J*cos1A)
§ — SO e, — J,¥COS2A0
: o
002 :J;"COS3A0
Q04 o —— i) cosdAg

|
-1 0 1 2 3 4

A(D = q)asso- q)trig[rad:I

Bands indicates
systematic width

» cos3(A¢) and cos4(A¢) terms are balanced at Ap=m in central collisions

» cos4(A¢) term is almost O in peripheral collisions

» cos3(A¢) and cos4(A¢) terms aren’t balanced, dip at A¢=m is emphasized
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Fitting to flow subtracted correlations

Au+Au\[S\,=200GeV, h*-h" correlations at |An|<0.7, p_:2-4®1-2GeV
Fit function: J(A¢) =%°_ J,cos(n*A¢)

v2, v3, v4{®,} subtracted with Centrality 40-50%
<cos(4(®y=Dp)> =vA{D}/va{D,} :J(A¢)[total] Bands indicates

e o
o = o
(=2} oo -

!IIIIIIIIIIIIII

=S
<]
E LI:PHENIX Preliminary svstematic width
] /\ — 1Jy(offset) y
< 0.04 _
% b N —— WycostAg
2 L \/ N — :J,*Cos2A¢
3 s *
0.04]- —— :J,"cosdA

A(b = q)asso- q)trig[lﬂad:|
» cos3(A¢) and cos4(A¢) terms are balanced at Ap=m in central collisions
» cos4(A¢) term is almost O in peripheral collisions

» cos3(A¢) and cos4(A¢) terms aren’t balanced, dip at A¢=m is emphasized
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P, & P, dependent analyses are in progress

Au+Au\[S ,=200GeV, h*-h* C, & Flow with respect to @, at |An|<0.7, p:2-4©1-2GeV, Cent.20-30% PH ENIX

Preliminary

no ¢, alignment mixing ®, alignment mixing @, alignment mixing

2{$ -$,<0 ___ :Simuleted flow i$ -$,<0
o C '"9-<I> >0 — :Simuleted flow ‘"9-4) >0

Ao=o,,, 0, [rad]

trig
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Nyie dependent An correlations
q)Jet’q)Trig.

» Trigger 1 selected An correlation could be the probe to
survey the geometry and/or dynamics of QGP bulk in pseudo
rapidity directions with same analogy of Reaction Plane
dependent A¢ correlations
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1N, dN__ /dAn) (arbit. unit)

Trlggered An correlatlons

AU TLEF SN g
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plus/minus triggered correlations have same shape with none
triggered correlations
jet-bulk interaction was not observed

» experimental sensitivity might be not enough due to limited pseudo rapidity
coverage
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Trlggered An correlatlons

v.wveg

),

CRun7 Au+Au 2oocev Centrallty o-zo%
_Trlgger h P 2~46ev Near Slde L.\.m|<xl4
[Associate s Pt 1~ZGveV

v, and v subtracted :

0.002

0.0015

arbit. unit

0.001

fdAn (

0005

Run? Au+Au ZOOGeV : C':entrailty 20 50"/.;
[Trigger.h;.p, ;. 2=4GeV......... Near s;de |~\o|sw.4 ........
1~;zsev Y

v, and v, subtracted

Assocmte h' p

Run:7 Auiz»Au ZbOGeV : C;entra:!lty 56 93"/.;
[Trigger hi.p, ;. 2-4GBV......... Near side |.m|sm4 ........
~ZGeV S .

v, and v, subtracted

Assocnate h' p

[TTTYTI TTTTTTTIS FOPOPTTs | (PRRSITY oy PRSP PO OTTrS CCITT I LRI eI rrrrrrrres

: 1INtringpair

[

Ill

lllllllll

1

I-lllllllllllllllIlllllllllllllllllllllll

02 04 06 0.

0

An

1 08 06 04 02 0 02 04 06 08 1
An

» plus/minus triggered correlations have same shape with none
triggered correlations

jet-bulk interaction

was not observed

» experimental sensitivity might be not enough due to limited pseudo rapidity

coverage
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Summary & Outlook

» v2 v3 and v4{®,} subtracted A¢ correlations are measured
within |An|<0.7 in Au+Au 200GeV collisions

» Shoulder almost disappeared in central collisions as previous results
» “New” shoulder emerged in peripheral collisions
» this was due to the imbalance of cos3A¢ and cos4A¢ components
> M, dependent An correlations
» Jet correlation might be independent of 1,
» experimental sensitivity might be not enough
» Outlook for A¢ correlations
» reduce systematic error width
» include v¢ and v, contributions

» D, &P, dependent analyses are in progress!!
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®,, resolution and @, - O,

AN
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positive correlation in ®, between opposite nup to +/- 3 ~ 4
no-sign flipping in ®;, which is an indication initial geometrical fluctuation
@, resolution estimated from Forward-Backward correlation

P4 CAN be different for different order

correlations
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FIG. 1: (color online) Raw correlation strengths (see text)
of the event planes for various detector combinations as a
function of collision centrality. The detectors in which the
event plane is measured are: (a) RXN North, (b) BBC South,
(¢) MPC North, and (d) MPC South.
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Higher harmonic flow
arXiv:1105.3928v1 [nucl-ex]
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vV, V3 and v, {®,} with

QM2011 Flow Plenary S. Esumi
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model comparison
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FIG. 3: (color online) Comparison of v,{W¥y} vs. Npart mea-
surements and theoretical predictions (see text): “MC-KLN
+ 471 =27 and “Glauber 4 471 =1 (1)” [16]; “Glauber +
4l =1 (2)” [17]; “UrQMD?” [26];. The dashed lines (black)
around the data points indicate the size of the systematic

uncertainty.

[16] B. Alver et al. Phys Rev. C 82 034913 (2010).

[17] B. Schenke, S. Jeon, and C. Gale Phys. Rev. Lett. 106,
042301 (2011).

[26] H. Petersen et al., Phys. Rev. C 82, 041901 (2010).
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Compare with the Event Plane method
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- ATLAS Preliminary 1-2 GeV 1 2-3 GeV
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Consistent between the 2PC and full FCal EP method (Similar for FCalpy)).
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Fourier analysis of the per trigger yield jet
function

PHENIX preliminary

= Au+Au, =200GeV
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