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7D, Mohapatra

Event plane correlatlons

Measured planes: ¥

True planes: @,
Observed correlator

Desired correlator

\<Cosk (CID” — CI>m)> <COSk (‘P” Y, )MHOS.SQZS

Res{k‘l’”}Res{k‘I’m} PHENIX but no

corrections for reso.

Resolution for individual planes —> |Res{kan} :<C03(k‘{'n _kq’n)>

= (Can generalize into multi-plane correlations
Variable: ¢ ®1 + 2¢co®s... + lc;®;  satisfying: ¢1 + 2¢2... + leg = 0 arxiv:1104.4740,

Bhalerao, Luzum,
Ollitrault

(cos(c1Wy + ... + le;¥y))
cos(c1®1 + ... + l®
( ( 1¥1 ¢ £)> RES{C]_II’]_}---RES{EE'EIDE} arXiv:1203.5095

RES{CHHE[’H} = (CDS ﬂnn(lpn — (I;n» 1205.3585

Res{(c1¥1 + ... +l¥;)} = Res{c1¥1}...Res{ci¥;}

17 Aug 2012 Post QM12 HIC-HIP 3



7D, Mohapatra

Event plane correlatlons

Measured planes: ¥
True planes: @,
Observed correlator

Desired correlator

\<Cosk(¢” — CI>m)> = <COSk (‘P” Y, )MHOS.SQZS

Res{k‘l’”}Res{k‘I’m} PHENIX but no

corrections for reso.

_/> |Res{k‘Pn} =<cos(k‘Pn —kCIDn)>

Resolution for individual planes

= Can generalize into multi-plane correlations

Variable: ¢ ®1 + 2¢co®s... + lc;®;  satisfying: ¢1 + 2¢2... + leg = 0 arxiv:1104.4740,

2B, 1 3D — 5B5 = 3(D3 — Dy) — 5(D5 — Do)
8P, + 3d3 + 5P;

3(P3 — Po) + 5(P5 — P3)

Res{(c1¥1 + ... +l¥;)} = Res{c1¥1}...Res{ci¥;}
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Event plane correlatlons 7D, Mohapatra

Measured planes: ¥

True planes: @

Observed correlator

Desired correlator

\<Cosk(<b -0 ) =p5 <°°Sk(‘*'n“*'m)>|‘/

— [ ]I [ ] arXiv’\:I I1 \j (3\?;35\3?8
ATLAS Conference Note

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-049/

= Can generalize into multi-plane correlations

Variable: ¢ ®1 + 2¢co®s... + lc;®;  satisfying: ¢1 + 2¢2... + leg = 0 arxiv:1104.4740,

Bhalerao, Luzum,

2By + 3B3 — 55 = 3(P3 — Dy) — H(D5 — o)
8By 4 303 4 5B5 = 3(P3 — By) 4 5(P5 — By)

Res{(c1¥1 + ... +l¥;)} = Res{c1¥1}...Res{ci¥;}

17 Aug 2012 Post QM12 HIC-HIP 5




Two plane correlations

<cos6(c1>2—s1>3)> (cos6(@, -@,)) (cos6(®, - ,))
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Three plane correlations
(cos(200,+3D, -5, )) (cos(-8®,+30 +50,))

L' ATLAS Preliminary . L ATLAS Preliminary |
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g 110 L [} Liy=8 !‘lb-l E : L=8 !-lb-1 i
L & : 2
g . g | :
3 ® B 1
e y 3 -
] — i | T——— _.__.“.__..___..___._._“_._.___ ® PR
| I S SR I TR S SR S N S TR SR T N SR R TR S | 1 . I T T + 1
0 100 200 300 400 0 100 200 300 400
A8
Lnrg S RN R LRI RN L 12— T T ]
s o coszepsey| Glauber geometry does not | o (cos(20,+30,50,) |
L 1— —
[ o cosansmpsog] Match the cos(2@, +3@,-5®5)) | o (cos(B0 30,450,
05 1 correlation 03 o..q .
i 1 CJ T ]
- § 0'6}‘: ‘.-"n g
o:.....'.f.-..a-.... ..... I P—— -‘-.--::::.:_.:::i . o.4i e E
_ e Hydro evolution - Glauber+hydro . o]
. P ... 7 qualitatively reproduces the oz o]
»*  Glauber initial’ centrality dependence PR :
A4 geometry i e gr— "
b b L Glauber+hydro el

50 100 150 200 250 300 350

@ <Npart> @ arXiV:1208.1200 <NI33|'t>
17 Aug 2012

Post QM12 HIC-HIP 7



Event averaged v, (n=2-6) in broad p; range
S’ ATLAS, Phys. Rev. C 86, 014907 (2012)

- 0-5% ATLAS +n=2 510% T 1020% I 2030
L Pb-Pbysy=2.76Tev NS [
0.2 = n=4 -

[ Ln.=8ub" Inj<25 1

[ full FCal EP

< Significant v, - v in broad p; and centrality
< Similar p; dependence
< In most central collisions(0-5%): v; & v, > v,
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Event-by-Event v aa, Jia

FT L] I ] ] ] I ] LE
I Run 169927 ATLAS Preliminary |
S n g Ies | Event 153906 Pb-Pb |s,,=2.76 TeV
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< Event by Event single particle distributions
dN
dg

ocl+2 Z obs cos n(d — lI"’bs) =1+2 Z °bs . COS ng + v°bS sin n¢))

< Obtalnlng amplitude and correction & unfolding

—\b b b
os (UZXS,OS)
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Event -by- Event Vi ' aa, Jia

" p,>0.5GeV ATLAS 'Preliminary ] E p >0.5 GeV ATLAS Preliminary 1 bo P,>0.5GeV ATLAS Preliminary ]
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< Event by Event single particle distributions

dN obs obs obs
d—¢oc1+22 cosn(¢p — ¥, )—1+22 . COs ng + v, ys1nn¢))

< Obtaining amplitude and correction & unfolding

U\ obs (vgi)xs , ObS)
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4A, Jia

Event by-Event vV,

p >0.5 GeV ATLAS Prellmlnary
Pb-Pb{5,,=2.76 TeV |
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l ) ;., p >0.5 GeV ATLAS Prellmlnary 3

Pb-Pb\s,,=2.76 TeV ]
Li=8ub" 7

ATLAS Conference Note

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-114/
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< Event by Event single particle distributions
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< Obtalnlng amplitude and correction & unfolding
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High p; single hadron and jet v,

Low p+:

Medium py:
hydro expansion coalescence

High p+:
jet quenching

><\l 03 = @ ATLASh' Pb+Pb\s,=2.76 TeV 40-50%
O ALICE h" Pb+Pb \/s,,=2.76 TeV 40-50%
Y5 STARN Au+Auys,, =200 GeV 40-60%

0 P /\  PHENIX 7° Au+Au\s,,=200 GeV 40-50%

40-50% -

I » 4 ]

0.1 1 FCal EP _

0 [ | 1 l 1 L 1 1 Il 1 1 | 1

0 10 15 20

p, [GeV.

2B, Angerami

0.02}

L Ll ' L)

anti-k, R=0.2

* } +

40 - 50 % |

< None-zero v2 of single hadrons at high p;
< Jet v2 is qualitatively consistent with high p; single hadron v2
- Path length dependence of parton energy loss
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Very high p; v, via 2PC 1€, Zhukova

CcwsL_ -tsou’ 010% 1 1020% 7 20-30%
0_2_ PbeF 2.76 Tev@ 1 _ ) ]
1 1§ e
0 CMS 2011 18 @ I‘a ]
. ? ATLAS Y 5 4 B ﬁ'.i ]
%P‘!‘OSE#..‘ ¢ + .”*°°0 + I BLJIJ'.O ¢ + ]
0.0 — .
T e b aosow ! s060%
0.2 ]
f A
) ® E e
0.1F % & £ %
a5y . gﬁhc . l/ T mt?ﬁ¢ + + +
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0.0
: ] ] T : 1 1 1 ] 1 1 1 ] 1 1 ] : ] ] ] | ] ] ] ] ] ] ]
20 40 20 40 20 40
P, (GeV/c) P, (GeV/c) P, (GeV/c) PRL 109, 022301(2012)

<~None zero v, up to p; 40 GeV/c
<-Comparable to jet v, above 20 GeV/c
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Theory Comparison

1C, Zhukova

Data: PRL 109.022301(2012)

- ! ' ' I — I~ ' ' ' J ' .
g CMS L, =150 ub™ 0-10% centrality ] . CMS L, =150 pb™ 40-50% centrality A
- PbPb s, =276TeV  [n|<1 . '!’ PbPb {s\ =276 TeV  n|<1 }
- — 0.2
02_ N @ &4 -
® o .
Mid-Central .
~r Central — L?, Glauber . o L o — L2, Glauber =
- soe RS . - St
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- — —_— "'~-v_">. s -
] i mﬂ"\‘~%. R T
: ol — |
o el S e ——a—— ————i— e e e e
20 40 60 20 40 60
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Theory: B.Betz,M.Gyulassy;arXiv:1201.0281
-Data can constrain different theoretical scenarios
.

- E

Quark Matter 2012, Washington DC

_ é Victoria Zhukova
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D i Fe Ct P h OtO n V2 IVA, Tserruya

o 04[
§ B Aus+Au:|s,, =200 GeV —
2 0.3~ 2007 Run 7 Data, |n|<0.35 PH ENIX
g - Min. Bias Centrality preliminary
2 -
o 0.2_— + *
3 ; '
0.1 * $ ¢
0_— [
e —
_0.2‘11 | | | P I R

2.5

o
(&)}
—
—
(&)}
N

3
P, [GeV/c]

< v, down to 0.5 GeV via external conversion di-electron pairs
< Consistency check with previous measurements via photon
< Agreement up to 2 GeV, None-zero v, is conclusive
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Direct Photon v,

2

direct photon v

-0.05

IVA, Tserruya
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external conversions (PHENIX preliminary)

arXiv:1105.4126

©
—
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2
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8

10

12
P, [GeV/c]

< v, down to 0.5 GeV via external conversion di-electron pairs
< Consistency check with previous measurements via photon
< Agreement up to 2 GeV, None-zero v, is conclusive
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Identified particle v,

2A, Yi Gu
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-0.051

< Mass ordering at low p;

© Centrality0-50% (@1f == (b)]
F VD) 1 va{Pa}x1.5 k
¥ @ ® ® 1l Solid: EP o &
- o K'K 1F Opened: 2PC _e o k.
o pp I SN
: e Ela 3ok | $
T PHENIX || 5
- g’d preliminary E
P, correlated sys. of EPx*
? 1 I 1 (d)ﬁ ? N ] LA 1 (d)ﬁ
V{D}x1.5 1k V{D,}x5.0 3

| o b RS
- o .‘; % 1F .o .
- 1F ° ]
o 1E o E
; %&b # il .;!33“** t ;
- 1F og® =
1k ° i

R . :

OB - :—---“! ------------------------- .
0 1 =2 3 40 1 2 3 4

P; [GeV/c]

o~ 0.25
>

0.2

6D, Noferini

— ALICE

VVVVVVVVV

Pb-Pb {Syy, = 2.76 TeV 10-20%

< Coalescence at intermediate p;
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Number of constituent quark : N, scaling of vn

' 200 GeV Au+Au 0-50%|[ PHENIX Preliminary || 2iGy
01 vg@,pn2? [ Va{@}/nYx2.5  V,{®,}/n?x4.0
| ot L ~— :
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- A K'K aase o - preliminary i
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S o 0.06f . ih o | &
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002—5 1" 15 20 05 1 15 20 05 1 15 2

KE,/n, [GeV]
< N, scaling up to KE;/n,= 0.7 GeV for v,, v;, and v,
 Down to 39 GeV for v, and v,

<> Scaling of higher harmonics originating from v 1" ocv,12
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Number of constituent quark : N, scaling of vn
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< N, scaling up to KE;/n,= 0.7 GeV for v,, v;, and v,
* Down to 39 GeV for v, and v,
<> Scaling of higher harmonics originating from v " ocy,1/2
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N, scaling of strange hadron Vs,

ratio (v2/ﬁt line)
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STAR Preliminary

—  Fit
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Ll l I L1 1 1 I | | I L1 1 I Ll

| | | I | | | I | | | |

1.5

(m mo)/n (GeV/c)

<> K% follows scaling curve of r, K &P

<> Multi-strangeness hadrons deviate from KO
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N, sc:clling of v,at LHC

c Pb-Pb \S,,, = 2.76 TeV 10-20%
=~ 012 o
> E
ALICE
0'1._unuxn;wuv
0.08/—
Bl
i g
0.06}—
» o
§ .
0.04>" V,{SP, |Ani>1}  V.{EP, |An|>2}  {
*f : -'i; i x . arXiv:1205.5761
- " ki ® p+
0.02’§l ?ﬁo v,{SP}
O[t - |EHA | : |
0 0.5 1 1.5 2 2.5 3

(mT - m(,)/nq (GeV/c)

< Deviation from pi, K for P, A, ¢ at low p;
* Due to stronger radial flow at LHC than RHIC?

< N, scaling survives at intermediate p;

Post QM12 HIC-HIP
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Geometry controlled collision systems

4A, Huang
U+U collisions Cu+Au collisions
Body-body
Tip-tip

< Various collision geometry

< This time only centrality selected
<> Rich constraints to models in future

17 Aug 2012 Post QM12 HIC-HIP 22



vV, in geometry controlled collision systems

Au+A + Cu+Au
RRRRN RERA u| l|I RRRRE | Ul U| RRRRERRRRN : 4A, Huang
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C * T & ] - A ® PH:ENIX ]
0.05F ‘. T . b 0.05- preliminary ]
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< Stronger mass splitting in most central U+U
collisions
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Triangularity at freeze-out

BW fitting to PID v,
ocffrdrd¢mT10(05T)K1(ﬁT)
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Poster, Mizuno
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Final eccentricity in HBT
(including expansion effect) >
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Initial eccentricity by Grauber

1C, Niida
" Au+Au 200GeV
02 =&
0.1 e
- .
i '\\//‘
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- | e
| L | PR R L
0 0.1 0.2 0.3 e 04
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Triangularity washed out?

17 Aug 2012 Post QM12 HIC-HIP



Beam Energy Scan - N, scaling

v,(X)-v_(X)

Au+Au, 0-80%
- m-sub EP

I %_ STAR Preliminary
]

*I':',,E*’ 7
Opp
OA-A |
AK™-K

Ant- |

2 .2I0. 2 .4I0.

Sy (GeV)

0.2

© 1 2 3 0 1 2 3

« Significant difference between baryon-antibaryon v, at lower energies.
* No clear baryon/meson grouping for anti-particles at <=11.5 GeV.

NCQ scaling is broken!
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BES-Modifications of R.p

Au+Au\s,, = 39 GeV Au+Au \sNN =11.5 GeV
— T T T T T T — T IT T T T YT ITTTITT —_ I R L L L L
€ 9 *I-K°l il ey ;Ko' Y & [ 4200 GeV0-12%  STAR Preliminary -
S 1.8F Q 1 g 3sf 1 X 03-039 GeV0-10% -
S 160 vo I_>I : v GO o 1 Yo - 27 GeV0-10% —
< 1°F mA 1) i 18 3pmA : - a - ¥V 19.6 GeV 0-10% —
S 44 O I ] £ _.fe=z : " ¥ 11.5 GeV 0-10% *
o 14 k44 | o 28 .H 15 P *
S 1.2f , .y ie .t : 0.2~ A B}
2P B/CL AR _i_+__ 18 % « ; : L ++ :
I [ & 1.5¢ 3 i {k A7 ¢
o 3 * E : : - o
0.6k * * 3 L3 T 28 L E2RRRRREE N o1 Aﬂi | _
I I : b L -
[ ] 0.5F | B ‘*l
0.4- - ISTAR Prellmin ry‘: E ISTAR Prellminary i 11. + X )
005 115225355445 0.5 1152553354455 00""4""2‘""3‘"");“"g“"
P, p. (GeVic) p, (GeVic
§ r Central (0-5)% * 7.7GeV
& | penpheralco-so " 115GV » Baryon-meson splitting reduces and
o | 19.6GeV : : :
S 1O N B dlsappegrs with decreasing energy.
b - # = 3966V » (V¢ ratio falls off at 11.5 GeV.
sk »
e | P " 62.4GeV
g L o STAR(2003) 200GeV .
o *R,,>~1at11.5,7.7 GeV. - Cronin effect?
R., suppression NOT seen at lower
energies!

Zhang, 5A, Thu. Sangaline, 5C, Thu.
Horvat, poster #94
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BES-Disappearance of Charge Separation w.r.t. EP

= 0.002E A S B R B I - STAR Preliminary
CTINO.OO15— I

<

v I

< oot 200 GeV Au+Au 39 GeV Au+Au
7 T

2 T

Opposite sign T
N I

-0.0005~ Same sign

.
o
=)
=]
S
&
I
|
|
|
I
|

-l Tt T TR T i |||||||||| |||||||||| l--l T LAl LAl L1111 L1111 LAl L 111 L 111 I--I T L1l 1 TN L1l 1 TN L1l 1 TN IIIII-
0 70 60 50 40 30 20 10 ® 70 60 50 40 30 20 10 W 70 60 50 40 30 20 10 O
% Most Central % Most Central % Most Central

Wang, IVB, Thu.

» Motivated by search for local parity violation. Require sQGP formation.
 The splitting between OS and LS correlations (charge separation) seen in top
RHIC energy Au+Au collisions.

.% This charge separation signal disappears at lower energies (<= 11.5 GeV)!

17 Aug 2012 Post QM12 HIC-HIP 28



Summary-1

< EP correlations and Event-by-Event v,
* More constraints to Hydro. Calculations

<> None-zero high p; hadron & jet v,
« Qualitatively consistent behavior with each other
- Path length dependence of parton energy loss

<> Direct photon v, down to 0.5 GeV/c via conversion
di-electrons

« Conclusive none-zero v, at low p;
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Summary-2
< N, scaling for v,, v; & v,

- Deviation from scaling curve of v, as strangeness
increase at RHIC

* P, A, ¢ v,don’t follow scaling curve of v, at LHC

<~ BW fit to PID v, & HBT w.r.t. @,

* Triangularity may be washed out by space time
evolution

<- Beam Energy Scan
* Trends of observables change around 11 GeV
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F Elliptic Flow (n=2)
Event Plane Two-particle Cumulant

Correlate particles in
Consider all o\z\oo o—>

tracker with those in HF.
two-particle o % . o,
correlations. © & 5 o~

* . Methods have different sensitivity
to event-by-event fluctuations and
non-flow effects.

Four-particle Cumulant Lee-Yang Zeros
Consider all

Consider all : o o e

four-particle o % °So Ccir(rl\?:)attlecl)llns

correlations. }o shown!).

M
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Identified particle v,

—
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Break of N, scaling of v, at high p;

0.02

4A, Huang

AT+

Au+Au 200GeV

(c)I

20-60%

- I I | | | (('l)-;
z ww,
N ¥ 3
:_ ‘#} L
[ : -
o :

0.10

0.08

0.06

0.04

10.02

00 05 1.0 1.5 2.0 25 3.0

KEr/ng (GeV)

05 1.0 15 2.0 25 3.0
KEr/ng (GeV)
PHENIX PRC 85, 064914 (2012)

» A break of n, scaling in 20-60% centrality at KE; > 0.7 GeV.

> In the 0-20% centrality, scaling is still roughly kept.

» Different mechanisms for pion and proton production at
intermediate p; for different centralities
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et increase about 20% from 0-10% Au+Au to 0-1% U+U collisions
Strong mass ordering for v, in 0-2% central U+U collision at 193
GeV despite of relatively small increase of ¢r.
Radial flow or geometry?
The geometry separation will be done in near future
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N, scaling in U+U and Cu+Au collisions
Cu+Au
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<> N, scaling works for U+U and Cu+Au forx, P
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3D HBT radii

< “Out-Side-Long” system

——= detector

» Bertsch-Pratt parameterization

detector

< Core-halo model

« Particles in core are affected by
coulomb interaction

C2 _ Czcore + Célalo
= N[A(1+G)F]+[1-A]

G =exp(-R’ q;
p( lnvqlnv) R

2 2 2 2 2 2 2
= eXp (_Rsideqside - Routqout - Rlongqlong - 2 Rosqsideqout)

Riong' LOngtudinal size

R.4.: Transverse size
R

: Transverse size + emission duration
R _: Cross term between Out and Side

out®
oS
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Correlations relative to ¥, ; 0-10% ['é, redoroki

2-41-2 GeV, v_v,v,(¥,) subtracted with <cos4(II'2-‘P )>=v (‘Pz)/v (¥,) by ZYAM

0.2F
0.151-
N 0.1
; 0.05

Out-of-plane Out-

In-plane

of-plane trlg

_ %Hn/e

In plane trlg

PH%%ENIX
prellmlnary :

Out-of-plane

SN, AN, JdAg

In-plan

< ¥, dependence
« Left/Right asymmetry

< No ¥, dependence
* No Left/Right asymmetry

< Relation to source shape? s«

Post QM12 HIC-HIP
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Unfolding on EP Res. not applied
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BES-Higher Moments of Net-protons

2 _
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: Netproton @z i Critical Point induced fluctuations.
o [04<P,<0.8 (GeVc) |y|<0.5 TR, B
1o [ AT - ] « Deviation from Poisson baseline in 0-
o ] 5% collisions at >7.7 GeV.
© L
A » Above Poisson baseline in peripheral
0.8 collisions below 19.6 GeV.

11 * UrQMD shows monotonic behavior.

1.05

IIII|IIII|IIIIII'.._IIIIIII|||

» Need precision measurements at low
energies.

0-95 ““““““““
09

(S o)/Poisson
| I I*

Net-proton/Net-charge/Net-kaon

567810 20 3040 100 200 300
ISy (GeV) Luo, 7B, Fri,; McDonald, 7B, Fri.
Li/Sahoo/Sarkar, poster #215/557/394
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BES-Directed Flow of Protons

L 10-40%: v, Slope
0.1 m E895: p
i [1NA49: p
R ¥ STAR: p * Directed flow (v,) slope:
0.05 b o o y
3 - L STAR: P sensitive to 15t order phase transition.
=3 - ¥ ® STAR:
3 Omessmmmensseaa fids R E—— o * Proton v, slope changes sign from + to —
i o between 7.7 and 11.5 GeV and remains
i e ® small but negative up to 200 GeV.
0.05F % % & ¥ J g
i STAR Preliminary * v, slopes for other particles are all negative.
* “net-proton” v, slope shows a minimum
002k : around 11.5-19.6 GeV.
- | Net Proton .
=) o p-p « AMPT/UrQMD models cannot explain data.
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