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Event-by-event fluctuations

At first order, measurements can be described assuming
nuclei as perfectly smooth spheres and the QGP as a
perfect liquid.
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Event-by-event fluctuations

At first order, measurements can be described assuming
nuclei as perfectly smooth spheres and the QGP as a
perfect liquid.

Initial shape is not smooth but a
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Event-by-event fluctuations

At first order, measurements can be described assuming
nuclei as perfectly smooth spheres and the QGP as a
perfect liquid.

Initial shape is not smooth but a
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Event shape engineering

<r?>"2=3 14tm 6 éﬂ 2-2.38fm
3). <p.>=563MeV \ <p,>=622MeV
[

Each event has a different initial shape
and density distribution, characterized
el by different set of harmonic eccentricity
Y coefficients €.
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At fixed centrality: different initial
6 -3 0 3 6 6 -3 o 3 6 Shapes.
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Event shape engineering

N,,=100 <r?>"2=3 14fm

<r?>"2-2 38fm

<p->=622MeV

Each event has a different initial shape

£’ £ and density distribution, characterized
S QPR 5 Ao -, by different set of harmonic eccentricity
coefficients &.
-3 _3
a)
6 . At fixed centrality: different initial
-6 3 0 3 6 -6 -3 0 3 6 Shapes'
x  [fm] x  [fm]
Pb-Pb \ s\, = 2.76 TeV, 4-5% central
E £
N v Event 14 < | v Event46 . . L
O102  pcosizasen S | . acosauomem Each event develops its individual
_ e 102 e hydrodynamic flow, characterized by a
T ﬁ?ﬁ% }’J’Hﬂ - " g t set of harmonic flow coefficients v_and
ST Fooy _ +/+ *‘Jr i A flow angles y .
it +Jr_H'+ Byt yooy A At fixed centrality, flow fluctuates -
= | | | "y event selection based on flow
° A(p4(rad) ° A(p%rad)

We can select events corresponding to nuclear collisions with different initial
geometry configuration:

EVENT SHAPE ENGINEERING

Schukraft et al, Phys.Lett. B719 (2013) 394-398
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ESE in MC

Event selection based on the magnitude of the flow vector

Qn,x:ZiCOS(nq)i) " Qn:{Qn,X’iQn,y}

Q=2 sin(n¢;) q,=|Q,[/V M
Schukraft et aI ths Lett. B719 (2013) 394-398 Huo et al, Phys.Rev. C90 (2014) 024910
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> g2l 1 | AMPT
102 ) ?ﬁﬁf - 5
- %w% b . 0.4 130
o O
| v —20
] 0.2
—e— n=2, centr 20-25%
—s— n=2, centr 0-5% 1 0
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—— n=3, centr 0-5% _6 < r] < 2
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qn.a q2
« g-vector and v > measured in different sub- « Strong positive correlation between

eccentricity and g-vector

« <g,> value is higher in 10% large q,
sample

events
- Large q, — larger v,

The shape of the initial geometry can be selected using the g-vector in the final
state
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Event shape selection

ALICE QM 2012
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Elliptic flow

ALICE QM 2012
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Elliptic flow

ALICE QM 2012
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> [ R = & g I
L o s & . B @ 15— "
- . v ' ¥ o B & . . " " | s
2 L
oA Gv - : ﬁl:l o E 1-_--%...:? g ﬁ.l.b......::!.v.....,a,;.v...
: b =] = o rla MNog_ selection _:n_-_" £ n iy v & . & - a -
. LW O m 5% highg_(TPC) w ma o = = o O g 5%highqg (TPC)
W & 4 5% high g (VZERO-C) 7 . . 4 5% highq (VZERO-C)
(aa¥ B v 5% highg (VZERO-A) A ¥ 5% highq (VZERO-A)
I O { 10% low . (TPC) L I 1V lovw (TP
a0 s 10% mwg::_vzﬁﬂu-c: = [ E 10% lom:;w;:ERu-CJ
L v 10% low g (VZERO-A) | ALICE 7 10% low g, (VZERO-A)
uol Ll |.1||:I i 2I':Il Ll |3|u| L qu'} L |5|‘]| L1 Iﬁlul L L?'} L4 Iaﬂ ul} L1 |1|D| L |2|.'J|. L 3':Il Ll Id_ll.'ll L leul L JEDI L ITIDI L IHL'I
centrality percentile centrality percentile
- Centrality dependence of the average v,
moem No q_selection variation in the large-g, and small-q,
m 5% highq_ (TPC) samples.
A 5% high q_ (VZERO-C) . q,(TPC), q,(VOA) with q,(VOC) with different
v 5% highq (VZERO-A) dynamic range.
10% low q_ (TPC : .
- rf , ( ) " « The TPC selection has a better selectivity
a 10% lowq (VZERO-C) than the VOC and VOA in all the centrality
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* Method sensitivity to the event shape
deteriorates for peripheral collisions.
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Anisotropic flow

| Centrality 0-2%
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ALICE Collaboration PRL 107:032301, 2011

In the 1% most central collisions
v, >V, — doubly-peaked correlation

structure.

Event-by-event eccentricity
fluctuations dominate the anisotropic
flows in the most central collisions.
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Anisotropic flow
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In the 1% most central collisions
v, >V, — doubly-peaked correlation

structure.

Event-by-event eccentricity
fluctuations dominate the anisotropic
flows in the most central collisions.

Events selected with the largest and
smallest g, or g, values.

Double-peack structure for
Small-q, or large-g,: dominant

contribution of the triangular flow
under these g_ selections.

The magnitude of the modulation
strongly correlated with the g_ value

— the global ellipticity or
triangularity can be selected by g, or

;.
13



Anisotropic flow
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- Ratios constant up to p, = 10 Gev/c - similar flow fluctuations

« Event-Shape selection (3.2<|n[<4.9), v_(|n|<2.5)

ATLAS Collaboration arXiv:1504.01289v1 [hep-eX]
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Anisotropic flow

Centrality 0-5% 1
with a, selection
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Compare (v, v_) correlations to (€ , € ) correlations calculated in Glauber & CGC

models.

« (v,, v,) - Non-trivial dependence with centrality (boomerang like) — different
centrality dependence of v_. Within one centrality the dependence is linear -
Indicates that viscous correction mostly controlled by system size, not shape!

 (v,, v,) - Good agreement in several centralities, some deviation in (0-5)% central

events.

« (v,, v,) - Initial geometry models not reproduce data. Non-linear dynamical mode

mixing produces these correlations.
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Spectra with ESE

* Physics observables affected by the combined effect of either radial and anisotropic
flow, the individual contribution can’t be easily disentangled.

» Understand connection between initial condition and hydro response
« Constrain initial conditions:

* Fix the centrality of the collision

» Fix the shape of the collision (ESE)
Analysis of transverse momentum spectra in these events

Radial flow:
* |sotropic expansion
« Physics observable: p. spectra

- Flat p, spectrum for heavier particles — Mass ordering

Anisotropic flow:
 Anisotropic expansion
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Spectra with ESE
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2

10% highest g

10% lowest q
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Spectra with ESE
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same effect for all the particles

hint of mass ordering?

Shape Fluctuation — Pressure Fluctuations (radial flow)?

ALICE QM 2012

18



Spectra ESE: Glauber MC

N
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« The participant density N /area used as a
part

proxy for the magnitude of the pressure
gradients (responsible for the radial flow).

 The observed correlation between the density
100 and eccentricity is similar the correlation
between radial flow and event shape.

200

150

5% « Central collisions: weaker correlation between

area and eccentricity.

* Glasma e CGC predictions? Can these
measurements contrain initial condition
models?

60« Full hydro simulation needed.

40
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Summary and outlook

* Event shape selection is sensitive to the detector
selectivity

« V-V, correlations indicate viscous effects controlled by
system size and not system shape.

- small anti-correlation between v, and v, — Initial
geometry effect (described by CGC & Glauber).

Ratio

« strong correlation between v,-v, and v_-v, - Indicate

non-linear response to initial geometry (not described
by initial geometry models)

26-05-2015 Incontro sulla fisica con ioni pesanti a LHC
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Summary and outlook

 Event shape selection is sensitive to the detector
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Summary and outlook

Event shape selection is sensitive to the detector
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SeleCUVlty 0'3: Oggoqo ATLAS Pb+Pb  =e=0.0-0.1 7
. . . ; C Oog- H Vsw=276Tev -8 0.1-0.2 1
« V-V, correlations indicate viscous effects controlled by 0.2~ qj-;;; e 9 LmtTw! el
. 0 e A 91.0 ]
system size and not system shape. 2 o = g o™ 0710 3
M ]
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To which extent the differential ESE measurements can constrain quantitatively the
transport coefficients of the medium and the fluctuations patterns in the initial

conditions?
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Backup
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Anisotropic flow
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V,{05<p_<2GeV} V{05 <p_<2GeV}
T T T T I T T T T I T T T T I T T T T I T | | T T T T | T T T T | T T T T | T T T ol T |
> Centrality 0-70%, no shape selection Centrality interval with q, selection: = ?05 1/ ;0/
- 1F = 10-15%
[ (a) 1) —e-20-25% |
0.5«¢ P, < 2 GeV —4—30-35%
0.04= 2¢|AN|<5 ar ——40-45% ]|
- 1 - -=-50-55% A
- ATLAS Pb«Pb f Ny O6085%
I \Sun = 2.76 TeV ]
0.031- Lo = 700" -
L ] =° ATLAS Pb+Pb e
i Centrall | Peripheral | ] | VS = 2.|76 TeV | Li=7 lub |
0 0.05 0.1 0.15 02 O 0.05 0.1 0.15 0.2
Vo Vo
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Anisotropic flow

ATLAS Pb+Pb

\(sNN =2.76 TeV
Lint =7 ub™

0.03-

0.025

© I Centrality 0-5% -
I with d, selection ]

0.04

0.03

—@— data

—— Linear Fit
— MC GlauberT

Centrality 20-25% | . 0.05
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Event shape engineering

Event selection based on the magnitude of the flow vector

Qux=2c08(nd)  Q,=(Q,,,iQ,,]

Qn,y:Zi Sin(n q)l) q”:|Q” /\/M
sub-event a sub-event b sub-event a
-
-3.7 -1.7 -0.8 0.8 2.8 5.1 n
g-vector v, and spectra g-vector

Need to avoid biases from non-flow: sub-events with large pseudo-
rapidity separation

Measure q, in one independent sub-event
for the event selection (sub-event a)

Study observables of interest in another
pseudo-rapidity window (sub-event b)
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ESE in MC

Schukraft et al, Phys.Lett. B719 (2013) 394-398

& ! Glauber MC

[aV | =
10'2:—

ARRRE RNV

=

—s— n=2, centr 20-25%
—s— n=2, centr 0-5%
—+— n=3, centr 20-25%
—4— n=3, centr 0-5%

-4 PR N T N N N TN TR M (N T TN TN W AN TN NN NN TN AN U NN NN TN NN NN NN NN A |
107, 1 2 3 4 5 6
qn,a

- (-vector evaluated in sub-event a, v ?
measured in sub-event b

- Large g, — larger v,

Huo et al, Phys.Rev. C90 (2014) 024910

- b=8fm | _I4°
| AMPT
0.4 130
N IS
Vool 1F =20
0.2
10
% 0.1 o 02
a,

e Strong positive correlation between
eccentricity and g-vector

 <g > value is higher in 10% large q,
sample

The shape of the initial geometry can be selected using the g-vector in the final

State
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The ALICE detector

Inner Tracking System (ITS)
* Primary vertex reconstruction
e« Combined ITS-TPC tracking

Time Projection Chamber (TPC)
e Main tracking system
« PID from energy loss in the gas

Time Of Flight (TOF)

* Tracks extrapolated from ITS-TPC

* PID from time of flight
measurement

VZERO

« VZEROA (2.8<n<5.1)

 VZEROC (-3.7<n<-1.7)

« Trigger, centrality selection,
event plane calculation

~10M minimum bias Pb-Pb events at Vs = 2.76 TeV (2010 run) used for this analyisis.
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The ALICE detector

TPC
-0.8<n<0.8

| A&
. <
. VZERO-A
2.8<n<5.1

VZERO

« VZEROA (2.8<n<5.1)

« VZEROC (-3.7<n<-1.7)

« Trigger, centrality selection,
event plane calculation

~10M minimum bias Pb-Pb events at Vs, = 2.76 TeV (2010 run) used for this analyisis.
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Tile barrel Tile extended barrel

Inner Detector (ID)

In[<2.5 LA elechum:mneri: -
barrel

Forward Calorimeter (FCal)
3.2<|n|<4.9

« FCal coverage : 3.2<|n|<4.9 (determine Centrality, Event-Shape selection)
« Tracking coverage : [n|<2.5 (Track reconstruction, vn measurement)
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Non-flow contribution

Non-flow definition

contribution to v, from azimuthal
correlations between particles not due HBT
to their correlation with the reaction
plane

Examples
e HBT
e Resonances

e Jets

Large gap in pseudo-rapidity between
sub-events suppresses correlations not
related to the azimuthal asymmetry in
the initial geometry
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Elliptic flow with ESE: selection

£ 105 PbPb |5, =276TeV 10-20% e g-vector from VZERO-A (2.8<n<5.1)
S [ Ae | o v evaluated using tracks from TPC
i' Stat. emors only (-0.8<n<0.8) and event-plane from
10° g—‘{g % °°o~.. VZERO-C (-3.7<n<-1.7)
10_§ 2 « Large An separation between the
2t RN . three detectors — non-flow
ol | i ’*m suppression
iR
Covvw bvvv v Pyv s Lo v v Pyg Lo P v v by
0 1 2 3 4 5 7 8 9 10
a, (VZERO-A)
VZERO-C Central barrel VZERO-A
>
-3.7 -1.7 -0.8 0.8 2.8 5.1 n
EP angle v_{EP} g-vector (VOA)
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V.{EP}

Elliptic flow with ESE

Pb-Pb |5y =2.76 TeV
04~ i<0.8 10-20%

oW No q, selection
o0 5%highq (VZERO-A)
A 10% low q, (VZERO-A)

PRELIMINARY

0.4

v,{EP}

Pb-Pb |5y =276 TeV
™ mi<0.8 30-40%

G Noq_selection
o 5% high q, (VZERO-A)
A 10%low q (VZERO-A)

5% high q,
10% low q,
No g, selection

xxxxxxxxxxx

« g-vector from VOA
(2.8<n<5.1)

11 | 111
18 20

6 18 2 0 2 4 6 10 12 14 16
P, (GeVic) PGV o v_from TPC
_ 2 2
c - Pb-Pb \sy =276 TeV z Pb-Pb =276 TeV
S C NN \s . e -
T [ <0 1020% X -% <08 30-40% ( 0. 8<r]<0 . 8)
3 L PRELIMINARY -
® 15— ] i
5 19 % . 18 i  Event-plane from
)
Wi i) m]n] eﬁ %l (] %J \
i,_.: L DDDD ¢ ] § MDE‘DDDm#‘# ] VOC (-3-7<r]<-1-7)
] B DR P N S EEETTET! EEPEEP! | P PEPREEEEEY PEPRER o | WSS | Y . SO IR A SR SO
‘-\;-'N WAAAAAAA¢4 4 % i“m WAAAAAA¢$ 4
o L —~ - [1
g o __ % (3 o B [m]
m » | ) —~— B  —
L‘% | O S5%highg, (VZERO-A) & [ O 5%highq, (VZERO-A)
s [ A 10%lowgq, (VZERO-A) s - | A 10%lowq, (VZERO-A)
o o e b P by IR | A _| L L L e 0 L L Ll L L
0 2 4 6 8 18 % z|> 4|I é zls 1|0 1|2 1‘4 16 1‘8 20
P, (GeV/c) P, (GeV/c)

« Event plane method used to evaluate v, (see backup)
- Ratios constant up to p_= 6 Gev/c — similar flow fluctuations

- Smaller flow fluctuations effect for p_ > 6 Gev/c
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Elliptic flow with ESE

—_ 2 —~ 2

c i c _

2 L 2 L

3 I 4 ALICE 3 I ALICE

T, — |_7|]¢ PERFORMANCE E — ¢ PERFORMANCE

¢ 1.5 Wy oo 00 12/07/12 " 15, o 12/07/12

U-N | DDD | C-N _%DDDDD :] ¢ N

2 | 2 |

& [ Pb-Pb |5 =276TeV . [ PO-PD {5y =276 TeV

Y. T m<08 1020% 2. | mi<08 30-40% a

2 B 2 - 4

g | QIS AAAA A A 4 A B'J; :WMAAAAAA 4

= 05 4 = 05 4

w | o 5% high q, (TPC)2} W o 5% high g, (TPC)

N N

> T A 10%low g, (TPC) % > T A 10%low g, (TPC)
0 1 | - | 1 1 1 I 1 11 | 1 11 | 1 1 1 I 1 1 1 [ 1 1 1 I 11 1 | 11 1 - 1 0 11 | 1 11 | 1 11 I 1 1 1 I 1 11 | 1 11 | 11 1 | 11 1 I 1 1 1 | 11 1
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20

P, (GeV/c) P, (GeV/c)

« (, from half TPC: -0.8<n<0 or 0<n<0.8

« v, evaluated using tracks from the other half of TPC (-0.8<n<0.8) and event-
plane from VZERO

* Non flat ratios may be due to non-flow contributions
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Spectra with ESE

Elliptic flow is related with the eccentricity of the collision: v ,oCE€,
Understand connection between initial condition and hydro response

Event-shape selection: constraint initial condition (size and geometry of the
collision fixed)

Analysis of transverse momentum spectra in event shaped event: correlation
between radial and anisotropic flow?
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ALICE Particle IDentification

obn

TPC dE/dx (arb. units)

LT

200
180
160
140

120
1000

0

Time Projection Chamber

ALICE

PERFORMANCE
18/05/2011
Pb-Pb {Sn=2.76 TeV

FTprrorprrrprrr

ol b b b Py

2 03 1 2 3 4 567890 20

K
NGTor

-4

-2

0 2 4
NGTpc

K
NOTpc
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TOF B

0.5

Time Of Flight

ALICE

' PERFORMANC
03/07/2012 ~ 4]
Pb-Pb {S,=2.76TeV 1

 A72 2
“-DJO'ITMZ*']VFO,IKHT

o, PID ,
2

NG,PID< 3

N>, =N’
o,PID— Vo, 1PC ~ Pr < 0.6 GeV/c
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Event plane method

Flow vectors calculation: Qn,x:ZiwiCOS<n¢i) Qn’y:Zl_ Wl-sin(nq)i)

1 Z,- w;sin (n¢,)

Event plane angle calculation: P =|tan /n

Flow coefficients: vzbs =(cos|n ( bW, >]>

Event plane resolution correction: v, =Vv°°/R, R, ={cos(n(yp —¥ )))
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Elliptic flow with ESE: selection

7
T 10° = Pb-Pb \s\y = 276 TeV 10-20%
= - ; : Z>
3 I : ALICE
4 _.. i p PERFORMANCE
g : 12/07/12
£ Stat. errors only
sl 2! -
e g N
=t 150 °
Y S *
102! 5 .,
— — 3
10 i "m
15 a TTﬁ T
ol | | 1 | 1 | 1 | 1
0
(2]
T 10°
S = .
[e] F i
2 a I ;
105 o, 12/07/12
s P %, Stat. errors only
10° = %1 e e
= 5 e,
2t = %
RSE i
10725 % ~
— A
10 = : *"’?T
:lll:lllllIIIIIIIlllllllll|l|l|Illlllllllllllllllll
o 1 2 3 4 5 6 7 8 9 10
q. (TPC)

g-vector from VZERO-A (2.8<n<5.1)

v, evaluated using tracks from TPC
(-0.8<n<0.8) and event-plane from
VZERO-C (-3.7<n<-1.7)

Large An separation between the
three detectors — non-flow
suppresion

g-vector from TPC (-0.8<n<0 or
0<n<0.8) and v, from the other TPC

n window

Central barrel
\ |

0.8 0 0.8 N

v {EP} g-vector
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Elliptic flow with ESE

—_ 2 —~ 2

c i c _

2 L 2 L

3 I 4 ALICE 3 I ALICE

T, — |_7|]¢ PERFORMANCE E — ¢ PERFORMANCE

¢ 1.5 Wy oo 00 12/07/12 " 15, o 12/07/12

U-N | DDD | C-N _%DDDDD :] ¢ N

2 | 2 |

& [ Pb-Pb |5 =276TeV . [ PO-PD {5y =276 TeV

Y. T m<08 1020% 2. | mi<08 30-40% a

2 B 2 - 4

g | QIS AAAA A A 4 A B'J; :WMAAAAAA 4

= 05 4 = 05 4

w | o 5% high q, (TPC)2} W o 5% high g, (TPC)

N N

> T A 10%low g, (TPC) % > T A 10%low g, (TPC)
0 1 | - | 1 1 1 I 1 11 | 1 11 | 1 1 1 I 1 1 1 [ 1 1 1 I 11 1 | 11 1 - 1 0 11 | 1 11 | 1 11 I 1 1 1 I 1 11 | 1 11 | 11 1 | 11 1 I 1 1 1 | 11 1
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20

P, (GeV/c) P, (GeV/c)

« (, from half TPC: -0.8<n<0 or 0<n<0.8

« v, evaluated using tracks from the other half of TPC (-0.8<n<0.8) and event-
plane from VZERO

* Non flat ratios may be due to non-flow contributions
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Spectra with ESE

--Pb- Pb \/SNN_2 76 TeV ' N '
centrallty 30-40%

16/7/2012

Jet contamination

1/N,, &?N/(dp.dn) (GeV/c)?

10 - Norgsselection Background
: 4 10%lowestq, ¢ Pro= total pT in the event
o ; ; (e 0% highestq, - - density = p_ _/acceptance
© Cone Algorithm, Raw — ot
10—8 ste ; >5Gev/cncon603 .................... ............................. ]
. | Energy In a cone
P o . . o - seed particle: (p;>5GeV/c)
5 é — i
2 - ‘ | ¢ Proum=SUm of p.in R<0.3
g _ | ; * area=T - R?
T ‘ _ ) TR
g 05 | , _____________________________ ______________________________ . ] * pT,jet_ pT,sum (denSIty area)
. R | T S S T I |
20 40 60 80 100

charged raw jet P, (GeV/c)

* method reliable only above ~20 GeV/c
e ratio is flat, “jet” contribution similar
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ESE

> L 0-5% wen v,(EP 1An>2.0} [ ALICE Pb-Pb\sNN =2.76TeV 5-10% 10-20%

L 0 V2[4] L

L o m v, (EPIAN>2.0} E

- A v, (EPIAN>20} [ o

- v v, (EPIAN>20) | JQ0®

0_1_— 4y, - ..

- ; 630 +‘

0.05F ' + Loy |

o, T b T

B ) | wvY? {

7 <R ARAUS U 2 k __________ e
='0°05__|.,.|....1.l..|....|-_|.1..|..l.|...ll....l M
> - 20-30% g== n’v, WHDGLHC 30-40% 40-50%

I Extrapolation [

0.2 .

AT i

: 6. @;é

<]

- o

ot 84 o 0 o ?

- ] [} # ad N 1T __g |

[ P S B AL i al? /2t ST B

K/ v | # /s ¥

(1] £ . SRS | S R S—— L ---------T---‘- S PR e SRR | LTy PR N [N | SR RPN FRpRI

! f oo f + 1 |

L A | i

PRI (U UN U SN T TN T S SNPUNP S [ [ TSN T N NSNS S NN U UN N T U 0 N ST S SU U N U ST N i
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
P, (GeV/c) P, (GeV/c) P, (GeV/c)
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Event-by-event fluctuations

—
(a) Pb-Pb VSNN=2._716 TeV i (b) ,,\" 2<|An|<5

L,=8ub" 0-5% 1.02_— .
2<p$, p$<3 GeV - .

30301#0)[\)—*

ATLAS

NSS5555 S

C

i e b
1.01- 1o -
- ‘ 1

© c(a0)

C(A¢, An)

0.99f

Y W, ATLAS |
e MWW

Ao

Residual
[10°%]
1l O O

Fluctuations explain entire structure of two particle correlations

solid lines: vV, V,, V,, V,, V., V, term
dashed line: sum

points: correlation measurement
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Anisotropic flow

o
w

T

o
N

V, {3<p_<4GeV}

0.1

Saw non-trivial dependence with centrality (boomerang like) — different centrality

dependence of v .

within one centrality the dependence is linear — Indicates that viscous correction

- Centrality with q, selection:

[ —=-10-15%
| & 20-25%
| —— 30-35%
| —s— 40-45%
- —=— 50-55%
- —— 60-65%

2<|An|<5 il
ATLAS Pb+Pb -
\Syy = 2.76 TeV ]

L. =7 ub’ T
ms Centrality 0-70%, no shape sele. |

_(a) % A

 —<— 0-5% o -

| £ 4

1 | 1 1 | 1
0.1 0.15
v, {0.5< P <2 GeV}

1 I |
0.05

mostly controlled by system size, not shape!
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Anisotropic flow

=0 I Centrality 0-5%
I with q, selection
0.03- ATLAS Pb+Pb i
! VS = 2.76 TeV
Lie =7 ub
0.025 .
0
Vo
0'02_Centrélity 0-5% ' i
N | with a, selection
0.0151- ~
ATLAS Pb+Pb |
VS = 2.76 TeV |
Lim =7 ub”
0 005 01 015
Vo

0.04

0.03

Celntrality 2I0—25%
—@— data
— Linear Fit
—— MC Glauber]

0.03[ Centrality 20-25%

0.025

0.02f

[ —@— data

[ —— Fit v4:\fc§+(c1v§)2
[ —— MC Glauber
~.-- MC-KLN

0.015}

Compare (v,, v,) correlations
to (g, €,) correlations

calculated in Glauber &
CGC models.

Good agreement in several
centralities, some deviation
in (0-5)% central events.

Fit un-correlated + correlated
components:

2 2 a4
v4_\/Co"'C1Vz

Initial geometry models not
reproduce data. Non-linear
dynamical mode mixing
produces these
correlations

Measurements can constrain initial geometry models
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Spectra ESE: Glauber MC

8110:I|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
©100F; oo
et Glauber MC
__I: MII "III”:I:III‘Ill‘II ‘IHIIIHIII‘I |
S0F 'I);Ivllr.*u."'flhll'ghﬂ”:-l'r#ff.' o |, 855<b<8686
_T‘.#" gl HII‘."H.'h i *‘“I‘
80 ‘,‘i '1“*“"” ih Qentrahty 30-31 %
1

70 A
60 T
50

40

30

0 0102030405060.70.809 1

eccentricity

16
14

12

A O @

g 150
G 145F Glauber MC
S 0<b<157
1405 ' Centrality 0-1 %
135

130

Area and eccentricity are anti-correlated at fixed b, |

0.05 0.1

0.15 02 025 03

eccentricity

(centrality)

Area inversely related to transverse density (Npart/A): positive correlation between
eccentricity and density.

Centrality 0-1 %: weaker correlation between area and eccentricity.

Glasma e CGC predictions? Can these measurements contrain initial condition

models?

Full hydro simulation needed
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Initial energy density

MC-KLN
uses k-
factorization

MC-Glauber
geometry
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HBT with ESE

- (b) Q,-RXN.SN(1<n|<28) The measured azimuthal dependences of
&7 no Q. selection radius parameters are fitted with a
“ 2 function:
=) 1 i 0
0.2} @ higher (3)2 20%
i, @ 2 — 2 2
o - b RZ2=R, °*2R ,?cos(2 Ag)
~ O ¢
_ the extracted final eccentricity:
e Sideward 8
0 | ] | | ] | | | 1 ] 1 ] | 1 ||
l | I — 2 2
N e— E-:final - |2Ru,2 / Ru,O |
; PH. ENIX
“g preliminary
= 0.2 O
S
“u | Au+Au 200 GeV E
o - -
a'al | AT
" e
B Outward
0 | | 1 | I 1 1 | [ I 1 1 1 1 I | 1
0 100 200 300
Npart
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