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What 1s the tlow ?

Why study the elliptic tlow ?
Why the J/\W ?

I'xperimental event plane methods

Results from RHIC and LHC
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Anisotropic tlow

* Anisotropy 1n particle azimuthal distribution 1n momentum

y

space yl
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Q .Y

Reaction

‘// plane

Can be expanded mto a Fourrier series :

&N _ 1L
F = =5 ppoTdy{l + Z 2 v, cos(n(® —Wy.))}
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Anisotropic tlow ®

ALICE

Reaction ,
plane angle ¥

E %3’% ~ Onm Prdprd)’{l * Z Q@OS(’I((D ‘))}

IFlow coellicients : v, =<cos {n(®, — ¥yp)}

directed flow (vy), elliptic flow (ve), triangular flow (vs), ...
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Anisotropic tlow ®

ALICE

* Development only during the first fm/c of the system due to
decrease 1 spatial anisotropy and particle density

Time
0 fm/c 2 fm/c 4 fm/c 6 fm/c
E [p=7m o
>} 5 ..'. . h
0f

« Asymmetric mmtial matter distribution
=> anisotropy 1n the momentum space

* Response of the system to the mitial geometry anisotropies
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Initial anisotropies ®
ALICE

* Collision geometry : anisotropic overlap 1n non central collisions

LO® @ s
g?

* average shape dominated by elliptic eccentricity
second Fourier coetlicient veo

arXiv:1105.3865

« event-by-event tluctuations :-
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* higher flow coelficients : vs, vy, ... - W
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Comparison with hydrodynamics

arXiv:1609.04459
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Hydrodynamic calculations seem to reproduce fairly well the measured flow coethicients
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Hint on QGP viscosity =Needed to understand the phenomenology at RHIC and LHC

Coupled to an hadronic cascade model : 1dentified particle vy
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Why 1s 1t interesting for quarkonia ?

« Hot medium effects :

« Debye screening at different T for the different quarkonia species (sequentlal

suppression of quarkonia states)

« Secondary source of J/W through cc pair recombination

« Good probes of deconfined state of QCD phase diagram

regeneration

sequential \up]\x;m\

Energy Density

J/W¥ Production Probability

« Need to consider non QGP ettects : comparison with p-p and p-Pb collisions

 Different sources of production : observed J/W = dlrect]/ P(609%) + feed down

(409%) from 7y (1P) and ¢’ (25)

« Cold matter eftects (energy loss, shadowing,..)

J/ ¥ Production Probability

QS) (1P) (1s)

' '
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' '
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L) ! \

08/11/2016 GdR QCD, Orsay T/ vowith ALICE,

e(2S) e(1® e(19)
Energy Densuty

Audrey Francisco

ALICE




Observable for regeneration study ? ®

ALICE

* J/¢ = hard probes, produced at early stages of the collision

 suppression by Debye like color screening mechanism

» recombination of ¢¢ pairs  — mherit the flow of charm quarks

o, o D
PN/ XeeTno®\ Ny “ToabgD
d ) Q 4 O N ‘ . ’ o
High Oooso A “Yoe Ré & e oo, L ~$oF ."©o© Iy
o | 2880 ons | — [ 8% Sopedge | T 0" g9 59
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flow = relevant observable

for J/W regeneration study

from cc pair recombination
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STAR results %

* At RHIC energy :
J/U v,compatible very small / compatible with

zero for p.> 2 GeV/c B T e T Ea—r—r
02~— O :haroedhadron
Z. Tana [STAR Collaboration] QM2011, JPG38 (2011) - AT r;: :
G T I tg + +
B charged hadrons 20-60 % obS +
0.25: | : — non-flow estimation
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0.2} o ' TP S
0.15; ++ -
0.1 - i

0.05) - $ 1 $ 3 1
0- 1 :
Z * .0 = = initially produced [29]
‘0-05; CE e—— coalescence from thermalized ¢t [30)
0.1 | non-flow estimation e === I ¥OuahatImos
el ol I | - P : . : 02— " — initial + coalescence [33])
o2 4 8 8o de U oo meedmemenn
P, (GeV/c 0 2 4 6 8 10
Py (GeV/c)
arXiv:1212.3304
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Phenix results %

 Sull large uncertainties

* Does not allow to distinguish between predictions
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Phys.Rev.Letter 111 (2008) 104136
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"The ALICE detector %

ALICE
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Results with ALICE 4 2.76 TeV ®

ALICE
« Hint of non-zero vy at mtermediate pr (2-6 GeV/c) 1n semi-central
collisions (20-409%) with 2.70
* vy compatible with zero 1in other p ranges
Phys.Rev.Letter 111 (2013) 162301
o~ 03 o~ 0.3_
> " @ ALICE (Pb-Pb {5, = 2.76 TeV), centrality 20%-40%, 2.5 <y <4.0 > [ e PbPb 5,=276TeV.25<y<40, 1.5 s p_<10.0GeVic
_ 0.2f
0.2_— L "
- 0.1f % ’
0.1 $ F 0-— +
: + il -0.15- (@)
o+ I
i § 3.5F
_ 3 | ¢ (b)
-0.1 ~  global syst == 1.3% év 3_’_ . - .
T PTETY PTTTE PUTTY PTeTY PYTTY PR PUTTY PYTTY PYee 3 :
0 1 2 3 4 5 6 7 8 9 10 o 5 = 5 = 50 5 =5 = o
p. (GeV/c) ~ (N_)
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Motvations for run 2 %

e Pb-Pb at V(sNN) = 5.02 TeV

» x3 mtegrated luminosity and x7 number of J/

* Increased number of mitial c-¢ pairs

* First J/( v2 measurements will be done using Fvent Plane methods
» Standard J/1 reconstruction and selection

« Other approaches will be followed later
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How to measure the elliptic tlow ? ®

ALICE
* Focus on methods based on event plane determination
VOR
/
* From detector multiphcities :
/‘ - i P
Q, Qp=2¢€"1 =0, +10,,
/ X
& | / sc{l' s; cos(n®,) \
/ Qn,x = scint, = Qn Cos(nlpn)
2 S;
| Y, = L arctan .
¥y Y. s; sin(n®,) " n (Qn’x Qny)
Qny = scint. = Qn Sin(nqln)
Z §;
* Correct for detector resolution : using 3 sub-event method
a _ b a _ ¢
< COS {n(‘-pg — lI’R)} > = V = {n(wico‘fi:(};gc_o;{;)(}lzz 2P A. M. Poskanzer and S. A. Voloshin, Phys Rev. C58, 1671

* Deal with non-uniform acceptance

08/11/2016 GdR QCD, Orsay J/¥ vowith ALICE.
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Ivent plane method for v, extraction : n’1 ®

* First method dNjn/dA@ with A} = ¢y - Wrp

 Division of A@ mto 6 bins

* Ny extraction (Fit of the mnv. mass spectra)

m,, (GeVic) m, (GeVic) Ge (GeVic m,, (GeVic")
[ ]

« Fit of Ny = H(A@) with No {1+2ve cos(A@)}

N vs Ap

g : £ I ndf 083/4
3 Prob 0.9344
€ NO 3514 + 69.7
v2 007017 £0.01347 | — |

EREEREN

b

| ! 1
05 1 15 2 25 3
M= .
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Event plane method for v, extraction : n” 2

 Second method {cos(2 A®)) vs inv. mass with A} = Q- Prp

« Model total flow as V(M) = vo'sotmyy,) + voP(1-a(myy))

* with ormyy) signal shape extracted from My, fit

* vobkbhackground : e.g. polynomial function
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Prelimimary results a 5.02 TeV

0.3
 ©5-20% ALICE, Pb-Pb sy = 5.02 TeV
) Inclusive JAp, 2.5 <y <4.0
0.0f ®20-40% 21/10/2016
"} 440-60%
L ¥ 60-90% |
0.1 g +
e
2 T
0 __A """""""""""""" l """"""""""""""""""""""""""""""""""""""""""""""""""""""""""
~0.1+
l-llllllllllllllIllllllllllllllllllllllllllllllllll
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Prelimimary results a 5.02 TeV ®

ALICE

R 0.25:
[ ALICE PbPb
0.2— JNW 25 <y <40, pT 20 GeVic
N Centrality : 20 - 40 %
= 03/11/2016
0.15}— QA
= 0 J
01 | + + ’ |
0.05 # ‘r )\
0f ‘ 1 VAR W )
-0.05—
-0.1—
ER— — =5.02 TeV
—0'15: A ‘{_uu 2.76 TeV
_02:11lllllllllllllllllllllllllllllllllllllllllllllll
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pt (GeV/c)
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®
ALICE

* Measure J/ elliptic flow would allow to study J/1 regeneration by recombination of

charm quarks

* Experimental results

+ At low energy : very low J/4 v

« At 2.76 TeV : Hint of non-zero vy at intermediate pT (2-6 GeV/c) in semi-central
collisions

* First results a 5.02 TeV : A significant J/ps1 v2 signal 1s observed at various
centrality and pr bins

T'’hank you tfor your attention !
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Backup
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IF'vent plane equalization results by centrality bins

Raw distribution (no correction)

counts
]
§
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e
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-
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10 30)%: 107584.98 +/- 32.80 (YnDOF = 26993.62)
40)%: 11401357 o/ 33.77 ((nDOF » 20507.08)

(40, S07%: 117477.24 o/- 34.27 (/nOOF = 17037.01)
0%
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10°

.J ! iTlll
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(0, 5)%: 1156.80 o/ 3.40 (""mDOF = 66663.89)
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(80, 700%: 6110816 +~ 24.72 (FMDOF = 73963 .64)
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Collision centrality determination ®

ALICE

Centrality is a key quantity because it is related to the initial overlap region of the colliding
nuclei

Collision geometry determines the num ¢ 43 grrrrrrrrrrrprrrrrres
J Y 107 po-Pb aty 5, = 2.76 TeV
+ Data

—— Glauber fit
NBD x N, + (1-)N -
120.194, 1=29.003, x=1.202

ent

Many quantities scale with N, particle 3 :
10

10

lllllllll Ll

30%
10-20%
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A l l b l A
"6000 8000 10000 12000 14000 16000 18000 20000

VZERO Amplitude (a.u.)
e sl ryo. o, C. 88 (2013) 044909
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Detector equalization

1. Gain equalization of individual detector channels
M' = M,./{M,)

2. Recentering

d,= q,— (q,)

3. Width equalization

dl: = d”/(TQN
4. Alignment

d/l_ /+ /
n - 4n n.o

5. Twist
"

6. Rescaling
n "

Alty—)
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\/ - (M
. . Raw . \ . 0oy
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Channel - 5
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» o /
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2014/04/29 ) ) ] [
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GdR QCD, Orsay
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I'vent plane resolution ®
ALICE

« Resolution calculated using the 3 sub-events method with VOA, VOC and SPD

« Centrality bins used for J/1 v2 analysis are large

« Non uniform distribution of the number of J/1
- 10 hErrStat_NJpsi_Cent
] 8 -~ VOA{SPD,VOC} . hErrStat_NJpsi_Cent
5 09F =~ VOC{VOA SPD) sooool Mean 189
Q 08K . - RMS 16.04
8 8E - ’ + SPD{VOC,VOA} 8
C 07 .. e 50000(
L oef T -
. s - 400001 &
0.5E . :
0.4 -t . .-
0.3;— : 20000} ——
2 . - e
0 s - 10000} -
0-1 } It o d : ++._.._.
- e .
0:1 LA l A I.l l.l LA AL l LA L l LA AL l LA AL l LA L l LA l LA l.l l LA L ool — '110' — lél — lil — l4[0' — l%‘ — lslol ‘Ww
0O 10 20 30 40 50 60 70 80 90 10C

Centrality (%)

— (Calculate a Njq-weighted resolution

5-20% 20-40% 40-60% 60-90%

0.62472+0.00014 | 0.68256+0.00010 i 0.5333+0.00014 | 0.22955+0.00033

....................................................................................................................................

0.87297+0.00019 § 0.91031+0.00014 | 0.83192+0.00022 | 0.55432+0.00333
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I'vent plane resolution ®
ALICE

« Resolution calculated using the 3 sub-events method with VOA, VOC and SPD

« Centrality bins used for J/1 v2 analysis are large

« Non uniform distribution of the number of J/1
- 10 hErrStat_NJpsi_Cent
] 8 -~ VOA{SPD,VOC} . hErrStat_NJpsi_Cent
5 09F =~ VOC{VOA SPD) sooool Mean 189
Q 08K . - RMS 16.04
8 8E - ’ + SPD{VOC,VOA} 8
C 07 .. e 50000(
L oef T -
. s - 400001 &
0.5E . :
0.4 -t . .-
0.3;— : 20000} ——
2 . - e
0 s - 10000} -
0-1 } It o d : ++._.._.
- e .
0:1 LA l A I.l l.l LA AL l LA L l LA AL l LA AL l LA L l LA l LA l.l l LA L ool — '110' — lél — lil — l4[0' — l%‘ — lslol ‘Ww
0O 10 20 30 40 50 60 70 80 90 10C

Centrality (%)

— (Calculate a Njq-weighted resolution

5-20% 20-40% 40-60% 60-90%

0.62472+0.00014 | 0.68256+0.00010 i 0.5333+0.00014 | 0.22955+0.00033

....................................................................................................................................

0.87297+0.00019 § 0.91031+0.00014 | 0.83192+0.00022 | 0.55432+0.00333
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How dare you using the event plane method ?! ®

ALICE

- 'h’ P - ”

" ~.,mi‘2:)\'.o\a&£i?}!{ R Biased method ! P'?v\z&ﬁv AV N

* Non tlow effects : dommant at high p
« Event-by-event fluctuations

« Difhicult to compare results between different experimental setups (ambiguous measurement)
- BUT :
* Not so precise J/¥ v, measurement by ALICE

« Large An gap (1.9) between VOA (event plane detector) and muon spectrometer (signal) :
reduces sources of auto-correlations

* Yes we will check with other methods : Cumulants, Lee-Yang zeros

] 0_8/1 1/2016 GdR QCD, Orsay J/¥ vowith ALICE | Audrey Francisco 27




(®

ALICE

Silicon Pixel Detector (SPD)

z_ Muon tracks reconstructed
by the muon spectrometer
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Pseudo-rapidity dependency ®

ALICE

~ 0.09
>

[ 25-50%: event average Pb-Pb\s,, =276 TeV
0.08F P;>0
: T . g 0e 0O b d l:';;,qj
- LI
0.07 - 0 0
. . * * . ALICE
0.06 - . * * L PRELIMINARY
: * * * .
0.05F .
. B .
0.04 | * }
0.03F l
o02f ~ ® ALICEV,{2} Po-Pb276 TeV .
o CMS v,{EP} Pb-Pb 2.76 TeV arXiv:1204.1409
0.01 3 e PHOBOS v, {EP} Au-Au 200 GeV PRC 72, 051901
0211....11“ TP P PP PYTTY PPYTE PP FeTes 7
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* depends on particle multiphcity
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p1/nq scaling ? %

ALICE 10-20% Pb-Pb \IVSNN =2.76 TeV ALICE 40-50% Pb-Pb \s,, =2.76 TeV
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below 1 GeV/c : ok

* then : 209 variations 1n both centralities
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Flow of 1dentitied particles ®

ALICE
ALICE 10-20% Pb-Pb \'SNN =276 TeV ALICE 40-50% Pb-Pb \ISNN =276 TeV
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For p:<2 GeV/c: observe mass ordering indicative of radial flow
For p~2-3.5 GeV/c: crossing between v, of p and T+

For p>3 GeV/c: particles tend to group into mesons and baryons
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Flow coetlicients for most central collisions %

ALICE
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] 0_8/1 1/2016 GdR QCD, Orsay J/¥ vowith ALICE | Audrey Francisco 32




Parameters detining tlow behavior ®

ALICE

» Equation of state : T, P, density

* viscosity : bulk and shear

* final state interactions
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High-p; v, dominated by energy loss mechanism

Useful to constrain models, complementary to R,,
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Can tlow measure medium viscosity ?

o
N

o
=
|
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—
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from a CGC-inspired calculation, it is seen that both the centrality and transverse momentum dependence are well described with an 1)/
s that is two times the KSS bound. These calculations are performed on the assumption that the value of 1)/s is constant during the
entire evolution. The value used in these calculations should be considered as an effective average of 1)/s, because we know from other
fluids that 1/s depends on temperature. In addition, we also know that part of the elliptic flow originates from the hadronic phase.
Therefore, a knowledge of the temperature dependence and a knowledge of the relative contributions from the partonic and hadronic
phases are required in order to quantify 1/s of the partonic fluid.
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Event plane calibration : FlowVectorCorrections framework %

ALICE

Event plane from detector multiplicities
Qnx=Y wicos(nPi) = | Qu|cos(n¥,)
Qny=) wi sin(nd;) = | Qn |sin(n¥,)

* General framework providing event plane values correcting Q-vector measurements for etfects of non-

uniform detector acceptance (Phys. Rev. C 77, 034904 (2008) )

¥, = 1/n arctan(Qu.y ,Qn.y)

* Iterative corrections :
Gain equalization/Recentering/Alignment/T'wist and rescaling

* Framework ran on :
* 137 MUON) QA validated runs of LHC150 muon_calo_passl (RCT)

* Included detectors: SPD, VOA, VOC, TOA, TOC, ZDCA, ZDCC

* Event Selection :

Centrality: VOM 00:909%; zvertex: -10.0:10.0cm; kMB | kMUSPB
(CINT7-BNOPF-CENT | COVOL7-B-NOPF-CENT | CMUL7-B-NOPF-MUFAST)

* Run by run basis
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https://alimonitor.cern.ch/configuration/index.jsp?partition=LHC15o&pass=1&muon_quality=1

ALICE

one step forward!
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Phys. Rev. Lett. 116, 132302 (2016)
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