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Motivation

Study the effect of the initial %7
geometry on final state observables S B ed

 Collision centrality

« Colliding nuclei of different size and
shape (e.g. U-U collisions)
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Motivation

Study the effect of the

 Collision centrality

initial
geometry on final state observables

« Colliding nuclei of different size and

shape (e.g. U-U collisions)

At fixed centrality: different initial

shapes.

At fixed centrality, flow fluctuates -

event selection based on flow
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Motivation

Study

 Collision centrality

« Colliding nuclei of different size and
shape (e.g. U-U collisions)

At fixed centrality: different initial

shapes.

the effect initial

geometry on final state observables

At fixed centrality, flow fluctuates -

event selection based on flow

We can select events corresponding to

Pb-Pb \ s, = 2.76 TeV, 4-5% central

nuclear collisions with different initial | ﬁm&

geometry configuration:
EVENT SHAPE ENGINEERING

S
2 v Event 14
O102 ___. acos(2a0+B fit
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Schukraft et al, Phys.Lett. B719 (2013) 394-398
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Event shape engineering

Event selection based on the magnitude of the flow vector

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

Q.. =Y, sin(no) a,=[Q 1M
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

—_D 'HHIHHIHHIHH"”"'ﬂ'a'f
S | Glauber MC W?WT#
> o]

t

102 |

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

N U WO T [N TN TN TN T [N TN TN WO TN AN TN TN WO SN (N SN TN WO T NN TN NNN NN AN
107, 1 2 3 4 5 6

q n.a

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

- Large g, — larger v,
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ESE in MC

Schukraft et al, Phys.Lett. B719 (2013) 394-398 Huo et al, Phys.Rev. C90 (2014) 024910

S [ alauher Me st b=8fm -
e - Glauber MC e et ke 40
> N | AMPT
%“D&"%@ﬁ b ; 0.4+ 30
N 1
| Yol | =0
] 0.2
oz cenrosx 10
—+— n=3, centr 20-25%
—4— n=3, centr 0-5%
qn.a q2
- (-vector evaluated in sub-event a, v ? e Strong positive correlation between
measured in sub-event b eccentricity and g-vector
. Large g, — larger v,  <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

21-09-2014

Hot Quarks 2014 9




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
SOES 0K N -0.8<n<0.8

s "‘A

U "

. <
. 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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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

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

2 1051 Pb-Pb |5y =276 TeV 10-20%
=] SH ;
S e i « 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 | ’*"‘m suppression
i
Covvn b v bt v b Py i Lol Pl w by
0 1 2 3 4 5 7 8 9 10
q, (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)



V.{EP}

v2{EP}(SE)/v2{EP}(No q, selection)

« Event plane method used to evaluate v, (see backup)

15—

0.5

°°

Pb-Pb |5y =2.76 TeV

04~ i<0.8 10-20%

oW No q, selection

o 5% highq (VZERO-A)

A 10%low q (VZERO-A) ALICE

PRELIMINARY

L 116| |18 ! |2

P, (GeV/c)
2
L Pb-Pb |5y =276 TeV
~ Mi<0.8 10-20%
- ALICE
r ]
HEI G000 ﬁ]eﬁ %3
~ ||
1_—_ ...............................................................
A A NS A B & 4 4 A
[ O 5%highq, (VZERO-A) %
- A 10%lowq, (VZERO-A)
_Illlllllllllllllll llIII]III
2 4 6 8 16 18  2(
P, (GeV/c)

v,{EP}

v2{EP}(SE)/v2{EP}(No q, selection)

Elliptic flow with ESE

Pb-Pb |5y =276 TeV

7 i<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)

-

o

L1 | 111
18 20

PGV o v_from TPC

Pb-Pb |55y =276 TeV
Mi<0.8 30-40%

0 5%highq, (VZERO-A)

I I R B

A 10%low q, (VZERO-A)
| 111 111 1 1 1 1 1

(-0.8<n<0.8)

« Event-plane from
VOC (-3.7<n<-1.7)

1 11 ‘ L1
2 4 6 8 16 18 20

P, (GeV/c)

- 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
& 0.15— E} L
= B E _
— E |
i v a v o =
0.1— v 5 e o) v 2 vy ¥ ¥
L : v u B = B o u v v
i o5 %v TS
n __;:N - ¥ v v v 7 v
L Ov @ | No q, selection m B
0.05— T i 22 i
L 9% Y 5%highq (VZERO-A) O osf- ¥ 5% highq (VZERO-A)
kJ L B 2
[a]
| S% Y 10% low q, (VZERO-A) > - v 10% low g (VZERO-A)
0||||||||||||||||||||||||||||||||||||||| _||||||||I|IIII|IIII|IIII|IIII|||||||"'
0 10 20 30 40 50 60 70 80 % 10 20 30 40 50 60 70 80
centrality percentile centrality percentile

- Integrated v_{EP} vs centrality percentile
« results for g, from VZERO-A (larger pseudo-rapidity gap)

* Method sensitivity to the event shape deteriorates for peripheral collisions
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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

Time Projection Chamber Time Of Flight
& 200¢ — | -
o C ] o
S 160F ALICE
S e
8 Pb-PbM=2.76TeV_;
E 100| ]
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03/07/2012 ~ 4]
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0.5F
0.2 0.3 1 2 3 4567890 20 *

K
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Spectra with ESE

N 1,05 b= §p5-p'b.,'FL_Sﬁ_N._.'Q_jGTTéV,T _____ N ]
o5 = : centrality 30-40% -
7 |5 D [+ % - 1 < Raw spectra used for the
£ 12 N —{* ;El w71 ratios: efficiency does not
< | e I 1 5 f depend on g, selection
2 g | BT O ¥ ] i
o : . g .
— 12 [ 1 - Modification of the p._-
[ + Al Cl?arged | 5 1  spectrum: large g, harder
0.95 o s s S ......................... ......................... .............. — )
05 ————————— spectrum, opposite for small q,
e 1.05 =] L] I e
o|o . [ Systematic error i . .
% ‘8‘ | Statistical error: ° VanlShmg at hlgh P
: (o neratzation efror correlation related with
2 [ 1 _%: _________________________________ SN SN I hydrodynamics rather than
S |9 B | T with hard processes
I ca I 3 -
S I O I Y I I
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2

10% highest g

10% lowest q
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Spectra with ESE
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o ' ...... e Pb-Pb\/S _2 75 TeV ....... e o
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I : : "
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_I ...... II ...... I ...... I ..... I I ...... | ...... II ...... - i I ...... o I ..... i I ...... - li ...... o I_
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(GeV/c)

Raw spectra used for the
ratios: efficiency does not
depend on g, selection

Modification of the p_-
spectrum: large q, harder
spectrum, opposite for small q,

Vanishing at high p_:
correlation related with

hydrodynamics rather than
with hard processes

same effect for all the particles

hint of mass ordering?

Shape Fluctuation — Pressure Fluctuations (radial flow)?
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Spectra ESE: Glauber MC

O 24 L P Effective area of the collision
© e (wounded nucleons) vs eccentricity
22 F e ‘Centrality 30-40 %3 | 550
20 | .
; N Centrality 30-40 %
18] 4 7200 - _
g- . « Area and eccentricity are anti-
16 4| correlated at fixed bimIO (centrality)
i =150
149 . « Area inversely related to transverse
12 1% . 1100 density (N_/A): positive correlation
10 _ between eccentricity and density.
8 R [ * Large centrality bin — contribution of
- different size of the system
E5:...|....|....'|....|'.'....|..'..|....|....|.'...|...? 0
0 01020.304050.60.70.80.9 1
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Spectra ESE: Glauber MC

S o4 AL Effective area of the collision
S ok y; ., Glauber MC — JR160 (wounded nucleons) vs eccentricity
h | " Centrality 39-40 % 1" 4140
20 r :
18 1 —120 Centrality 30-40 %
i ]
14100 « Area and eccentricity are anti-
16 B correlated at fixed b, (centrality)
14 :';_':. E 180 * Area inversely related to transverse
12 | - 60 density (N_/A): positive correlation
10 _ 40 between eccentricity and density.
s e « Large centrality bin - contribution of
120 different size of the system
6:IIIIIIIIIIIIIIIIIIIIIIIIII-IIIIIIIIIIIIIIIIIIIIIII III? O
1
) | c Centrality 39-40 %
o i 2
; « Correlation still present
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Spectra ESE: Glauber MC

3 36 RN 2 Effective area of the collision
© ' L 0<b<157 185200 (wounded nucleons) vs eccentricity
Centrality 0-1 % 1 180
47160 centrality 30-40 %
i g 140 « Area and eccentricity are anti-
- 1120 correlated at fixed b, (centrality)
_: R « Area inversely related to transverse
1 7180 density (N_/A): positive correlation
1160 between eccentricity and density.
140  Large centrality bin — contribution of
120 different size of the system
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_ 0
0 0.050.10.150.2 0.25 0.3 0.35 0.4 _
I ” Centrality 39-40 %
3 « Correlation still present
B Centrality 0-1 %
: ‘2‘2 « Weaker correlation between area and
T T Y TS AT T C R B 000 0040508070508 eccentricity
Hot Quarks 2014

22



Summary and outlook

Pb-Pb \sy=2.76TeV @l Nog, selection %
04~ n<0.8 30-40% O 5%highq (VZERO-A)

Summary
- A 10% low g, (VZERO-A)

 g-vector allows the selection of events with larger or
smaller elliptic flow than the average

v,{EP}

« Event shape selection is sensitive to the pseudo- L
rapidity range used to evaluate the g-vector Y
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Summary and outlook

Pb-Pb \San = 2.76 TeV © No q, selection
04— mi<0.8 30-40% O 5%highq, (VZERO-A)
= A 10% low q_(VZERO-A) ALICE

nnnnnnnnnnn

v,{EP}

Summary

 g-vector allows the selection of events with larger or
smaller elliptic flow than the average

 Event shape selection is sensitive to the pseudo-
rapidity range used to evaluate the g-vector

o e b b b L Ly a1 I R
0 2 4 6 8 10 12 14 16 18 20
pT(GeV/c)

. g . . . 1.05 Pb-Pb y@@: S e ' —1

. Modification of the p_ spectrum in semi-central (30- g ™f  @em="" @

40%) in the intermediate p. region (from ~1 up to 45 ﬁ_ = } .

. = C + All Charged o 47 ]

~5 GeV/c) is observed. O L o Y ST S

. . . . g GZ;‘“ 1 «% I =

« Hint of mass ordering in the region between ~1 up IR 4 1
to ~3 GeVi/c. B
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Summary and outlook

Summary

 g-vector allows the selection of events with larger or
smaller elliptic flow than the average

 Event shape selection is sensitive to the pseudo-

rapidity range used to evaluate the g-vector

- Modification of the p_ spectrum in semi-central (30-
40%) in the intermediate p_ region (from ~1 up to
~5 GeV/c) is observed.

« Hint of mass ordering in the region between ~1 up

to ~3 GeV/c.

Analysis outlook

» g-vector calibration improvement
* Reduced systematic errors

« Extended PID range
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10% highest q
No g _-selection

2

10% lowest q
No g -selection

v,{EP}

2

2

Pb-Pb \syy =2.76 TeV
04— 0.8 30-40%

©W Noq_selection %
o 5%highq, (VZERO-A)

A 10% low q_(VZERO-A) ALICE

nnnnnnnnnnn

P B R P IR I | P I I R
0 2 4 6 8 10 12 14 16 18 20
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1.05 Pb-Pb {{5,=2.76 TeV -
- ] centrality 30-40% -
C T Ace ]
i = 1 | .
1 ¥ [ ¥ .—
i 4
L + All Charged o n*+7 B
0.95 - = K*+K' +P+P ]
+—t—t +—t
1.05 -
[ Systematic erroi r
| Statistical error
- @ Normalization etror I
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L s FE]:}:: i
O + |
0.95
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Backup
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ESE in MC

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

—_ n LN L L L L L L I S
a0 c Centrality 20-25% =
E 0>3 4 —— no cuts ]
102k ) 10 —— q,_upper5% E|
C "5 e qz:a lower 5% ]
g 10 E
Q 3
S 10 '
c 10°f E
10 4
—— n=2, centr 20-25% 3 3
—=— n=2, centr 0-5% B 3
—+— n=3, centr 20-25% 1 1 -
—&— n=3, centr 0-5% E , E
R0 S N R R B B - Y l | =
0 1 2 3 4 S 6 0 005 01 015 02 025 0.3
S N Vs
Simulation based on MC Glauber
« g-vector evaluated in sub-event a, v > measured in sub-event b
« Multiplicity corresponding to An = 0.8 in Pb-Pb collisions at LHC
- Large g, — larger v,




ESE in MC

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

 b=8fm W E
104:E_000°°u oubEog ?:
10° o %o : .

E a -] u ] E
o S s ”
u o ]
§ 6
I }
10%“ S lower 10% 4
1k +q§ upper 10% T
C I . I

C L L ] ] ! L L ! ]
0 0.2 0.4 0.
€5

(0D

_6<r1<-2 -1<q<1 2<r1<:6

« Strong positive correlation between eccentricity and g-vector.
« <¢ > value is higher in 10% large g2 sample.

* The shape of the initial geometry can be selected using the g-vector in the final
state.
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Event plane method

« Flow coefficients: vgb5:<cos[n(¢i_wn>]>

i . obs
e Event plane resolution correction: Vn: Vn /Rn
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R,=(cos(n(y,—W,)))
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Elliptic flow with ESE: selection

2 4051 Pb-Pb |5 =276 TeV 10-20% g-vector from VZERO-A (2.8<n<5.1)
3 = : _
S L i ALICE, v, evaluated using tracks from TPC
T : 2/07/12
Eo g Stat. ertors only (-0.8<n<0.8) and event-plane from
10° g—‘;;; % °s~.. VZERO-C (-3.7<n<-1.7)
1 Of_gi = ~ Large An separation between the
= = & “ > -
— — " three detectors —~ non-flow
10 | = *"‘m suppresion
LK
A | | | | | | | |
0
g wE g-vector from TPC (-0.8<n<0 or
S i 0<n<0.8) and v, from the other TPC
105 o, 12/07/12 )
5 ..... Stat. errors only n W|ndOW
wes oo Central barrel
— =
10 E $+ | >
3 ! -0.8 0 0.8 N
1= |
5'"‘4'"'é""é""i""é""éﬁ"%""é""é""m | |
a, (TPC) v AEP} g-vector




Elliptic flow with ESE

0.5

v2{EP}(SE)/v2{EP}(No q, selection)

OO

: 0 b % % B
1-5%5 DE":F 12/07/12
L Oog L
S PP 276V
L mi<0.8 10-20%
| QU AL AA A 4 + i
T A
| o S%highq, (TPC)2}
: A 10% lowq2 (TPC) Jﬁ
I S S S T R | R 7 S TR TR
P, (GeV/c)
« (, from half TPC: -0.8<n<0 or 0<n<0.8

{EP}(No q, selection)

2

v,{EPKSE)/v

2
B %] % ALICE
- PERFORMANCE
1.5 12/07/12
—%E]IDDDDDDDm¢ ¢
J_FoPb \sw=276TeY R
| Mi<0.8 30-40% ]
OO AAAN L A 44
0.5— &
| O 5%high q, (TPC)
- A 10%low q, (TPC)
0 1 1 | 1 1 1 | 1 1 1 I 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 | 1 1 I 1 1 | 1 1 1
0 2 4 6 8 10 12 14 16 18 20
P, (GeV/c)

« 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

10t fo T T 1T Pb-PB sy =2.767TeV.. -
- : centrallty 30-40% ALICE Jet contamination
| 3 162012

q;._Nog_qz.._se,ecﬁon ..... Background

: : : ; —~4- 10% lowestq, - P__ =total pT in the event
10‘7 vvvvvvvvv o g --------------- 4;--10% highsstq; - ° densrty — p / acceptance
" Cone Algorlthm Raw —— : T tot

10% ﬁy.p.. ..>E;(;é‘lﬁjur* .......... 271 e SRS ;_“”““”““”“"””j ............................. ?
©  Tseed : : )

cone

t

1 0—6 .......

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

_, | | | g | Energy in a cone

SV ek ....... e . e - seed particle: (p,>5GeV/c)
S ? | * Prom=SUmof p in R<0.3
T : ; | « area=T - R?

e oL b g by, (densiy - area)

charged raw jet P, (GeV/c)

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