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Physics motivation

® Color screening suppression Reaction ' )

versus J/y (re)generation plane

® Does J/y flow or not flow
= J/yp production mechanism
in heavy-ion collisions <\C \V
ALICE setup

Data analysis
e J/y signal and elliptic flow extraction

Results and discussion
¢ Differential J/y v, in 20%-60%

® Comparison with STAR results and theory calculations
¢ Differential J/y v,: centrality scan

® (Centrality dependence of J/y v, with p;2 1.5 GeV/c

Summary and conclusions
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ALICE Preliminary, Pb-Pbys,, = 2.76 TeV, le =70 ub’1
Inclusive J/y, 2.5<y<4, O<pt<8 GeV/c global sys.=+ 14%
PHENIX (PRC 84 (2011) 054912), Au-Auysy, = 0.2 TeV
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ALICE O Inclusive J/y, 1.2<y<2.2, pt>0 GeV/c global sys.=+9.2%
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Pb-Pb collisions at LHC energy

Less suppression at LHC than at
RHIC

® No strong centrality dependence in

most central collisions

® | ess suppression at low p;

Described by various models
including a large fraction of

regenerated J/y from charm
quarks in the QGP

2
\a

<
<C

Ay

Results from 2010 data soon appear on PRL: arXiv:1202.1383v1 [hep-ex]

own to p; =0 at LHC (2011 data)

ALICE

1 4 + ALICE Preliminary, Pb-Pb m =276TeV,L=70ub"
- B Inclusive J/y, 2.5<y<4, O<pT<8 GeV/c  global sys.=+ 14%
; Stat. Hadronization Model (A. Andronic & al., JPG 38 (2011) 124081)
1.2 | ALICE 241/ Transport Model (X. Zhao & al., NPA 859 (2011) 114)
| PRELIMINARY X\ Transport Model (Y.-P. Liu & al, PLB 678 (2009) 72)
1 m /\ [l Shadowing+comovers+recombination (E. Ferreiro, priv.comm.)
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J/yp elliptic flow at RHIC

ALICE

At RHIC energy - results favor zero or very small v,

Z. Tana [STAR Collaboration] QVi2011, JPG38 (2011)
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v,”’¥ in Au-Au collisions at 200 GeV at b = 7.8 fm
pQCD and thermal scenarios = small v, at RHIC

7 L. Yan, P. Zhuang, N. Xu, PRL97 (2006) 232301 |
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If charm quark participates in collective
motion of QGP, its v, will be transferred to
J/y when charm quarks recombine
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e J/yp elliptic flow at the LHC energies

Irfu ALICE
LHC Pb-Pb @ 5.5 TeV, mid-rapidity LHC Pb-Pb @ 2.76 TeV, forward rapidity
do..../dy = 0.7 mb, no B feed-down J/y do,.,./dy = 0.38 mb, B feed-down J/y
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Y. Liu, N. Xu, P. Zhuang, Nucl.Phys.A834 (2010) 317c Same authors: P. Zhuang and co., 2012 prediction (priv. comm.)

a significant elliptic flow may be expected at LHC energies
due to the significant contribution of (re)generated J/y



ALICE experimental setup
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ALICE

( Strip ) ( Drift )

ZDC
~116m from I.P,

TRIGGER
LCHAMBERS) 4 \
ZDC
~116m from |.P;

Muon spectrometer acceptance:
-4 < n,<-2.5, p/¥2 0 with25<y,

t" PHOS

J/yp from e*e~ channel at mid-rapidity
I. Arsene, parallel 2D
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® Event selection Silicon Pixel Detector (SPD)

® Unlike sign muon trigger
® Require |Z,] <10 cm
® (Centrality: from a geometrical

Glauber model fit of the

VZERO amplitude

® Centrality bins used for this study
[5, 20]%, [20, 40]%, [40, 60]%
[60, 90]%, [20, 60]1%

¢ J/y candidates selection

° :J/L|J9 “+”_ with muons measured Muon tracks reconstructed
iIn the muon spectrometer by the muon spectrometer

® Opposite-sign dimuons rapidity
25 <yti-<4
® Decay daughters:
1) muon track with low p; trigger
matching (p; > 1 GeV/c)
2) -4 < pith-< =25
3)170°<6,,,<178°
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i J/yp signal (yield) extraction

Irfu ALICE

® Fit the invariant mass spectrum of opposite sign dimuons
® Signal
® Crystal Ball (CB) function

® Signal shape fixed via the J/p production in pp simulation
I.e. non-Gaussian tail

® Extended Crystal Ball (CB2) function

® Signal shape fixed via the reconstructed J/y from a MC sample with
embedding 1 simulated J/y in each real MB Pb-Pb event

I.e. non-Gaussian tails on both sides of the J/y peak
® Background
® \ariable width Gaussian (VWG)
e 3" order polynomial (POL3) function
® Fitting range
® \aries for systematics study
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iﬁ'ﬂ J/yp elliptic flow analysis methods

ALICE

¢ With event plane (by VZERO-A)
e Standard event plane method (nA@ method): Ap = ¢ — VY Epo
o ANV /dAp = A x (1 + 2v, COS2A90)
° Invaqant mass fit technique: vg B = (cos 2(Ayp))

o VEH = (S x v+ B xvl)/(S+ B)

=>Finally, correct v,°s by the event plane resolution o

v =05 ° JoEp

® Method w/o event plane — a cumulant method

® ?-particle correlation method with detectors with large n gap:
dimuon + SPD tracklets + VZERO-A for dimuon v,

® Combine with invariant mass fit technique for extraction of v,
® [ argely limited by statistical uncertainties

N Borghini, P M Dinh, J-Y Ollitrault: PRC63 (2001) 054906, PRC64(2001)054901
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iﬁﬂ Event plane determination from VZERO

ALICE

¢ VZERO detectors s 08
® 2 arrays of 32 scintillators 5 o7t J@r@r@{}h@r
. o) C o
on both side of IP: 2 o6k - pE@FIBEﬁE:E
VZERO-A: 2.8 < 1) < 5.1 S 00 Fre L
VZERO-C: -3.7<n<-1.8 S 05F -
S *
e Event plane from VZERO-A! § he —
second harmonics & 03F fﬁ
0. — 21 S; cos(ng;) 0.2 Pb-Pb \Syy = 2.76 TeV
’ ¥ : + VZERO-A 1]
21,8, sin(ng;) 0.1 = VZERO-C .
Qn,y = _231 g -
,L:O’L 0IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
arctan2(Qs ». Qa.) 0O 10 20 30 40 50 60 70 80 90
Uppo = N centrality %

2
o EP flattened (~ 1% fluctuation) and resolution obtained from 3 sub-events method

(cos[n(¥g — W3)]){cos[n(V§ — U5)])
(cos[n(¥h — WS)]) A. M. Poskanzer and S. A. Voloshin, Phys Rev. C58, 1671

(cos[n (V5 — W,)]) = \/

® Event plane resolution in a large centrality bin

e Estimated by a weighted sum of event plane resolutions using J/y yields as weights in its
sub-centrality bins

1WVZERO-C was not used due to acceptance overlap with the muon spectrometer ( —4.0 < n < —-2.5) to avoid autocorrelation effects

10
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J/yp elliptic flow extraction

ALICE

® Methods using VZERO-A event plane

6-A@ method

invariant mass fit technique

o 12001 N§ [0y OB Sy, =276 TeV, centrality 20% - 60%, 25 <y <40, 2.0s p <40 GeV/c
= L % 25<y<4.0,2.0 < p<4.0GeV/c O 2000 e o )
(- i T S Y ® Opposite sign pairs
3 4000k ® Data o e — Fit total
i . re) - °
o) - ALICE — Fit 5 1500 — Fit signal
S | PRELIMINARY % -~ Fit background
s 8001 € 1000~
| i 3
S, * . © s ALICE
< 600 - I C perrormaNce e
= e . 3: e , L 00000%00000e0ese
[3) — . . .
400 S F o IR
200 s 2o OSSR +++++ f
L Pb-Pb |s,, = 2.76 TeV, centrality 20%-60% 5 %0e®ae®® (] +
: Q'_ 2.6— °
1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 I 1 1 I 1 ~ B 1 1
0 0.5 1 1.5 2 2.5 3 = - Soosite sian pai
Acp 3 q) v (rad) B: oib : S-ffotsfe sign pairs
dimuon EF.2 < - ttota
N’ -
5 0.055—+++H
dN7/¥ obs S oF W t
G = A X [1 4 209 cos(2Ayp) :
dAgO o 25 3 35 4 a5 5

va = 03" Jogp

4.5
m,, (GeV/c?)

2"d order polynomial function used to
describe {p;» and v, of the background

ut

o = (S x v5"Y + B x 05" /(S + B)

1"
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® 2<p:<4GeVic

hint of nhon-zero v, with significance ~ 2.2 sigma

J/Iy v, in centrality 20%-60%

ALICE

« 0.3
= % Pb-Pb \s, = 2.76 TeV, centrality 20% - 60%
i m J:25<y<4.0, p. = 0 GeVl/c
0.2 ALICE
[ PRELIMINARY
0.1- $ H
o] S $ ------------------------------------------------------------------------------------------------ H ------------------------------------------
0.1 6-A¢ method | |
i ~ 2% relative syst. error from o, correction
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

0 1 2 3 4 5 6 7 8 9 10
p, (GeV/c)

12
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® 2 < p;<4GeVic: contrary to STAR measurement
hint of nhon-zero v, with significance ~ 2.2 sigma

J/Iy v, in centrality 20%-60%

ALICE

W\ 0.3
i Centrality 20% - 60%
: B ALICE Prel. Pb-Pb \[sNN =276 TeV, Jhp: 2.5 <y <4.0, p.= 0 GeV/c
0.2 ALICE ¢ STARPrel Au-Auys,, =0.2 TeV, Jip: i<0.9, JPG 38 (2011) 124107
~ PRELIMINARY
0.1+
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

0 1 2 3 4 5 6 7 8 9 10
p, (GeV/c)

13
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i J/Iy v, in centrality 20%-60%

Irfu ALICE

® versus calculations from parton transport models:
In agreement within errors

0.3
Ny _ oo - A0
Pb-Pb \'s, = 2.76 TeV, Centrality 20% - 60%
Jp: 2.5 <y <4.0, p. = 0 GeV/c
0.2~ ALICE m ALICE preliminary: 6-A¢p method with VZERO-A EP
PRELIMINARY

0.1

"L
< -...
~
LIS
L
San
L
L]
L

Transport model: R. Rapp et al. (priv. comm.)

Transport model: P. Zhuang et al., b thermalizedL(priv. comm.)

------ Transport model: P. Zhuang et al., b not thermalized (priv. comm.)
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

0 1 2 3 4 5 6 7 8 9 10
P, (GeV/c)
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i 6-A@ method vs. inv. mass fit technique

Irfu ALICE

® Agreement achieved between two methods

® |nvariant mass fit technique is used for J/y v, in finer centrality bins
(5%-20%, 20%-40%, 40%-60% and 60%-90%)

S 0.3
- Pb-Pb \s,, =2.76 TeV, centrality 20% - 60%
0 2__ ALICE Jhp:25<y<4.0, p_=0GeVic
L PERFORMANCE
a 30-07-2012
0.1 %
o] $ ........................................................................................................................................
0 1__ B 6-Ag method: ALICE preliminary
[ @ Invariant mass fit technique
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

0 1 2 3 4 5 6 7 8 9 10
p, (GeV/c)

156



J/y v, in smaller centrality bins

0.3
E Pb-Pb m =2.76 TeV, 5% - 20% %
020 Jhp:25<y<4.0, pTzO GeV/c
C ALICE
01__ % PRELIMINARY
0:_ ............. * ..............................................................................................................................................
-0.1-
-0.2f H
'0'3;_ m VZERO-A EP: inv. mass fit technique
- :III||||||I||III||||I||||III|||||||I||||I||||I||||
O "2 3 4 5 6 7 8 9 10
p_ (GeV/c)
0.3 !
r Pb-Pb \/S_NN =2.76 TeV, 40% - 60%
0oL Jh:2.5<y<4.0, p,= 0 GeV/c
C ALICE
0.1__ l PRELIMINARY
150 D S L
-0.1-
-0.2
'0-3;‘ v VZERO-A EP: inv. mass fit technique
- :IIIIIIIIIIIIIIIIIIII||||I||||I||||I||||I||||I||||
O 1273 4 5 6 7 8 9 10
p_ (GeV/c)

ALICE
o~ 0.3
> E Pb-Pb \syy=2.76 TeV, 20% - 40% %
020 Jhp:25<y<4.0, pTzO GeV/c
i ALICE
01 - PRELIMINARY
Qe % ------------------------------------------------------------------------------------------------------------------------------------------
-0.1F
-0.2[
'0'3;_ A VZERO-A EP: inv. mass fit technique

- _|||IIIIIII||III||||I||||IIIIIIIIIIIIIIIIIIIIIIIII
- - A R T

At intermediate p;: 2 < p.< 6 GeV/c

> 5%-20%: hint of non-zero v, with
significance ~ 2.2 sigma

> 20%-40%: indication of non-zero v,
with significance ~ 3.0 sigma

> 40%-60%:
statistical errors too large
16
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i Centrality dependence of J/y v,

Irfu ALICE
® Non-zero Vv, in central and semi-central collisions

o 0.3
> ; Pb-Pb s\, =2.76 TeV
0ol JWi25<y<40 1.5 = p_<10.0 GeV/c |
x L. 1l ALICE
— i ' PRELIMINARY
0.1: ! ‘—1—‘
O D Y S
. = n =
0.1 @ inv. mass fit technique
/(\-)\ -
> 3.51
& [ o
S | - - &
5 %f —e
Y

0 10 20 30 40 50 60 70 80 90
centrality (%)

® |ow p;J/y has almost v, = 0: apply a cut at p; = 1.5 GeV/c to remove
most of the J/y that contribute with very small v, and leave the bulk of

the J/p where the v, is maximum
17
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J/y v, at forward rapidity in Pb-Pb collisions at 2.76 TeV by ALICE

Summary

ALICE

0.3 0.3 0.3
S : oo N : Pb-PbV@g i.;&; TeV Jhp:Z.f:y h<z_1.o, p,=0GeVic % N © Pb-Pb {5,=276TeV %
r W ALICE Prel. Pb-Pb {5, = 276 TeV, Jiy: 25 <y <4.0,p, = 0 GeVic 0.2F ’ Iy mass it fechnique 0.2 Jhp:25<y<4.0, 1.5 = p <10.0 GeVic
0.2 PQLI;ESREY @ STAR Prel. Au-Au (S = 0.2 TeV, JAy: yl<1.0, JPG 38 (2011) 124107 0 1; % { % PﬂLI;EI?RERY F T PIQLI;EIERERY
i Ar 0.1 —t $
0.1 * 0: i T of %
[ [ C — o1 —
i -0.1 0.1~ @ inv.mass fit technique
o ! * 0 2: — 1 1 1 1 1 1 1 1 |
-0.21- % - 20% L [
F W 5%-20% = as
[ [ A 20%-40% r —
0.1 -0.3p 2 4 NP —
. 6\-A(P metho\d | | | | | | i e g :
T T S T R S A A N Covvn b b b b b b b b baw i = [
o 1t 2 3 4 5 6 7 &8 9 10 T BT B - A S 33 40 % e 708 %
fon (GeV/c) p; (GeVrc) = centrality (%)

¢ Hint of non-zero v, in (20%-60%) collisions at intermediate p-:
2= p;<4GeVic
> contrary to zero or small v, observed at RHIC

® Non-zero v, in semi-central (20%-40%) collisions for intermediate p-:
> 2 < pr < 6 GeV/c: with significance ~ 3.0 sigma

® Non-zero v, for J/y with p; 2 1.5 GeV/c in central (5%-20%) and
semi-central (20%-40%) collisions

18
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® In 20%-60% collisions (same as RHIC measurements)
«~ 0.3
e ALICE measured J/y v,: in qualitative : o e o0
ag reement With transport models With 0.2; PQLEEI(EREV m  ALICE preliminary: 6-A¢ method with VZERO-A EP
50% regeneration of

® At high p;: the flow of B feed-down J/y
might have a major impact on the L recortmodet A Ao ot (o comm)
measured InC|US|Ve V2 -O.1j —— Transport model: P. Zhuang et al., b thermalizedl(priv. comm.)

L ‘ rans‘port mo‘del: P. Z‘huang e‘t al, b n‘ot therm‘alized (p‘riv. com‘m.)
0 1 2 3 4 5 6 7 8 9 10

- (GeVic)
® |n central (5%-20%) and semi-central (20%-40%) collisions ’

® [ndication of non-zero v, favors regeneration mechanism which may
contribute significantly to the production of J/y in more central Pb-Pb
collisions at LHC energy

of

e Complement to J/y R,, results:

® The non-zero J/y v, at intermediate p; and less suppression
with respect to RHIC are indications for an observation of
regeneration from charm quarks in the QGP phase

19
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Results from other methods %

ALICE

® Hadronization model

® Event plane (EP) method with VZERO-A
® EP flattening

® EP resolution in various centralities used in these analyses

® 6-A@ method in centrality 20% - 60% vs. other methods
® 2-A@ method: anisotropy in/out-of-plane
® (Cumulant (2-particle correlation) method

® Signal extraction and result
® (Centrality dependence of J/4 v, without p cut

® Differential J/4p v, in various centrality bins
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® By statistical hadronization model

J/\p suppression at RHIC and LHC

ALICE

® More (re)generated J/ at LHC energy comparing to RHIC energy
in the hadronization phase

- leads to less suppression

a
Start of collision
Low
RHIC
Eznergy) g
co—>
ool
> 0/
High A i
(LHC) b
energy 2 o
o>

Development of
quark-gluon plasma

— o
CO\
\O o/'\
Ko o woo’® Y
—_— ® \ OT O,
(6]
KO o O\
v

Hadronization

1.27

o =
o0 o
1

©
o

©
RO

Charmonium suppression factor, Ry,

0

o
*

—— LHC model E
- — = = RHIC model
@ RHIC data

T T T T T T
0 50 100 150 200 250 300 350
Number of nucleons in collision

Braun-Munzinger & Stachel, Nature Vol. 448 (2007)
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i Elliptic flow with event plane method

Irfu

Reaction
plane ﬂ/‘

z Beam axis

® Spatial anisotropy is converted via multiple collisions into an
anisotropy of momentum distribution

® The azimuthal dependence of the particle yield can be written in
the form of a Fourier series:

SN 1 2N
Ed_ _ d <1—|—Z 20,, cos[n qu)])

d>p 27 prdpydy
vy = (cos|2(¢ — Yrp2)])
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iﬁ'ﬂ Event plane flattening from VZERO %

ALICE
® Event plane flattening steps:
® gain equalization ring by ring
® recentering, twisting and rescaling of VZERO EP cumulant
Q2.2 = (Q2) + AT[cos 2Ty + AT sin 2,
Qo.y = (Qa.y) + A7 [cos2Us + A sin 2]

where the parameters (Q2 ), (Q2.,), AT, A7, AT
and A~ are extracted from the mean and RMS of the
QQ’:U, QZ,y and QQ,wQQ’ydiStﬂbutiOIlS

® finally remove residual fluctuations due to azimuthal
segmentation of VZERO rings with Fourier flattening technique
using one single parameter (Sin 8W g p o) , represents the 8
Fourier moment of the event-plane distribution



Irfu

Event plane from VZERO-A

Event plane flatness

® Deviation from constant
within 1% deviation

Event plane resolution

® Two sets of 3 sub-events in
MB events in the same runs
for systematics

TPC + full VOA + full VOC
VOA + two rings in VOC

Al TCF
3
n 10°E
el =
c =
3 —
3
2
10°E-
10
- (0, 5)%: 129.63 +/- 1.14 (x2/nDOF = 0.80)
B — (5,10)%: 127.22 +/- 1.13 (32/nDOF = 1.19)
1L — (10, 20)%: 255.80 +/- 1.60 (x2/nDOF = 1.33)
= (20, 30)%: 254.71 +/- 1.60 (3x2/nDOF = 1.35)
- (30, 40)%: 253.94 +/- 1.59 (x2/nDOF = 0.90)
B — (40, 50)%: 253.04 +/- 1.59 (4x2/nDOF = 1.07)
) — (50, 60)%: 253.52 +/- 1.59 (x2/nDOF = 0.7
101 (50, 60)%: 253.52 +/- 1.59 (x2/NDOF = 0.79)
= — (B0, 70)%: 253.14 +/- 1.59 (4x2/nDOF = 1.01)
- ALICE —————— (70, 80)%: 254.75 +/- 1.60 (3x2/nDOF = 0.89)
- ”252"5"5";'3 1”55 — (80, 90)%: 244.97 +/- 1.57 (x2/nDOF = 1.60)
1 0'2 | 1 1 1 1 i 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |
-1.5 -1 -0.5 0 0.5 1 1.5

VZERO-A event plane in MB events
Event plane resolution within large centrality bins

® Resolution weighted by the number of J/1 in smaller centrality bins

Centrality Correction factor

5%—20% 0.54840.003 (stat)£0.009 (syst)
20%—40% 0.610+0.002 (stat)+0.008 (syst)
40%-60% 0.451+0.003 (stat)£0.008 (syst)
60%-90% 0.18540.005 (stat)=0.013 (syst)
20%—-60% 0.576+0.002 (stat)+0.008 (syst)
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Irfu 2-A@ method: anisotropy in/out-of-plane

® 2-A@ method:

® A direct calculation from J/1p yield anisotropy in-plane and out-of-plane

® Correct v,°* by the event plane resolution Ogp

obs T NZ — Nout

obs

(2 —ZX , U2 = Uy /UEP
j Vin | 1 Vout
N, 1500 . T ~ 0.3
S | Pb-Pb m =2.76 TeV, centrality 20% - 60%, 2.5 <y <4.0,2.0 < p.< 4.0 GeV/c | > L
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I?f'ﬂ Cumulant (2-particle correlation) method

ALICE

® J/p v, study without event plane determination
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