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see talks of H. Pereira 
Da Costa and M. 
Marchisone for 

details 

SHM: J/! produced 
together with all 
hadrons, exclusively at 
chemical freeze-out 

Transport model: 
continuous dissociation 
and regeneration of 
charmonium in the 
QGP 



• J/ψ	  ellip)c	  flow	  measurement	  at	  lower	  energies
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Mo)va)ons

 PHENIX preliminary 
    J/ψ elliptic flow
    measurement at
    forward rapidity

 STAR publication  
	 - J/ψ v2 consistent with zero for pT > 2 GeV/c,
	   unlike light flavors hadrons
Disfavors scenario in which J/ψ are produced 
dominantly by coalescence from charm quarks

http://arxiv.org/abs/1212.3304  C. Da Silva, IWHQP2012

http://arxiv.org/abs/1212.3304
http://arxiv.org/abs/1212.3304
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Mo)va)ons

   P. Zhuang et al., 2012 prediction  (private communication)

 Pb-Pb collisions at 2.76 TeV
 forward rapidity
 dσcc-bar/dy = 0.38 mb. 
 B feed down J/ψ. 
 Impact parameter b = 7.2 fm.

•  !"#$%&&'()*$+,-$(.%/'*),01$2,.$345$

A significant elliptic flow may 
be expected at LHC energies 
due to significant contribution 
of regenerated J/! 



Reac)on	  plane	  and	  ellip)c	  flow
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see talk of H. 
Pereira Da Costa 

for details
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ALICE	  setup
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Minimum	  Bias	  trigger	  :	  Signal	  in	  VZEROA	  &	  VZEROC	  	  
	   	   	   	   	   Lint	  ≈	  1	  μb

-‐1	  

Dimuon	  trigger	  :	  MB	  trigger	  +	  2	  muon	  tracks	  above	  a	  pt	  cut	  (1	  GeV/c)
	   	   	   	   	   Lint	  ≈	  70	  μb

-‐1

Muon	  
spectrometer	  
for	  quarkonia	  
detec3on
down	  to

pt=0	  GeV/c,
2.5	  <	  y	  <	  4

Time	  Projec3on	  Chamber	  used	  for	  
determina3on	  of	  the	  event	  plane	  resolu3on

Two	  VZERO	  
hodoscopes	  on	  

each	  side	  of	  the	  IP
to	  determine	  the	  
event	  plane	  and	  
the	  centrality	  of	  
the	  collision.
Also	  used	  as	  

trigger

Pb-Pb 
collisions 

2011

PMD
VZERO

VZEROA VZEROC

2.8	  <	  η	  <	  5.1 -‐3.7	  <	  η	  <	  -‐1.8
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The event plane method
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J/ψ	  signal	  extrac)on
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• Muon	  cuts
Standard	  cuts

– Muon	  track	  matching	  low	  pT	  trigger	  
tracklet	  (1	  GeV/c)

– -‐	  4	  <	  η	  <	  -‐2.5	  

– 170˚	  <	  ϑabs	  	  <	  178˚

– Unlike	  sign	  dimuon	  with	  rapidity

	  	  	  	  	  	  2.5	  <	  y	  <	  4
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J/ψ	  ellip)c	  flow	  analysis	  methods
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Extrac)on	  of	  v2
obs
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•  Example of v2
obs extraction for the centrality bin 20-60% and for 2 ≤ pT< 4 GeV/c

€ 

dNJ /ψ

dΔφ
= A × 1+ 2v2

obs cos 2Δφ( )( )

€ 

v2
obs(total,Minv ) =

f (signal,Minv ) × v2
sig + f (bkg,Minv ) × v2

bkg

Nsig+bkg

Δϕ histogram Invariant mass fit technique

http://arxiv.org/abs/1303.5880



Event	  plane	  resolu)on
• 3	  sub-‐event	  method	  to	  determine	  the	  resolu3on	  of	  the	  event	  plane	  for	  VZEROA	  detector	  :	  

-‐ 3	  independent	  detectors	  (TPC,	  VZEROA,	  VZEROC),	  with	  3	  different	  rapidity	  coverage	  
and	  large	  η	  gap	  between	  each	  other

28/05/2012 12

A.	  M.	  Poskanzer	  and	  S.	  A.	  Voloshin,	  Phys.	  Rev.	  C58,	  1671

	  	  	  	  	  	  	  -‐	  	  	  	  	  Alterna3vely,	  a	  second	  set	  of	  3	  sub-‐event	  was	  used	  (VZEROA,	  inner	  ring	  of	  VZEROC,
	  	  	  	  	  	  	  	  	  	  	  	  	  outer	  ring	  of	  VZEROC)	  	  	  2%	  difference	  considered	  as	  systema3c	  uncertainty
	  	  	  	  	  	  	  -‐	  	  	  	  	  For	  wide	  centrality	  bins,	  the	  resolu3on	  obtained	  from	  narrow	  bins	  is	  weighted	  by
	   	  	  	  	  	  	  	  	  the	  number	  of	  reconstructed	  J/ψ	  	  resolu3on	  must	  reflect	  the	  distribu3on	  of	  events
	  	  	  	  	  	  	  	  	  	  	  	  	  with	  a	  J/ψ	  within	  the	  centrality	  class	  

L.	  Massacrier	  –	  J/ψ	  ellip)c	  flow	  in	  Pb-‐Pb	  collisions	  with	  the	  ALICE	  experiment



Results
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Ver3cal	  bars	  :	  sta3s3cal	  uncertain3es
Boxes	  :	  point	  to	  point	  uncorrelated	  
systema3c	  uncertain3es
	   -‐	  signal	  extrac3on
	   -‐	  v2

back	  shape
	   -‐	  reconstruc3on	  efficiency
1.3%	  correlated	  systema3c	  uncertainty	  
on	  Event	  Plane	  resolu3on

http://arxiv.org/abs/1303.5880

•  !"#$%&$'($'$)*+,-.+$.)$/0$1+$234$,4+25'6127$5'+84$&9:;9<$$
!  Indication of non zero v2 in the intermediate momentum range 2 ! pT < 6 GeV/c 
    with a significance of 2.7" 

! At lower and higher momenta, J/ ! v2 compatible with zero within uncertainties 
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Results

 Measurement in a broader centrality range
 Same trend observed as in the 20-40% centrality class
 Non zero v2 in 2 ≤ pT < 4 GeV/c with significance of 2σ

http://arxiv.org/abs/1303.5880

•   Comparison with STAR
    preliminary data in the
    same centrality range at
    mid-rapidity and at lower
    energy

 Elliptic flow measured by 
     STAR shows different trend:
     compatible with zero for     
     pT ≥ 2 GeV/c (also in other
     centrality bins: 10-50%
     0-80%)

http://arxiv.org/abs/1107.0532
http://arxiv.org/abs/1212.3304

•   J/! v2 as a function of pT in the centrality range 20-60% 

http://arxiv.org/abs/1107.0532
http://arxiv.org/abs/1107.0532
http://arxiv.org/abs/1212.3304
http://arxiv.org/abs/1212.3304


• Comparison	  with	  theore3cal	  predic3ons	  :	  2	  transports	  model	  calcula3on	  
including	  a	  J/ψ	  regenera3on	  component	  from	  deconfined	  charm	  quarks	  in	  
the	  medium	  (~	  30%)
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Results

http://arxiv.org/abs/1303.5880

Maximum v2 predicted at ~ 2.5 GeV/c:
    interplay between regeneration
    component dominant at low pT  and initial
    J/ψ production dominant at high pT 

Different hypothesis for thermalization of
    b quarks

At maximum 11% of J/ψ come from B
   mesons in Pb-Pb (from LHCb
   measurement in pp and assuming RAA=1) 
   They can inherit the flow
   of b quark if b is thermalized) 

•  Both models are able to describe the 
    pT dependence of the v2 and the nuclear
    modification factor of inclusive J/ψ

Nucl. Phys. A. 834. 317C (2010)
arXiv:120.6583 [hep-ph]

•   J/! v2 as a function of pT in the centrality range 20-60% 
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Results
•  Centrality dependence of J/ψ elliptic flow for J/ψ with 1.5 ≤ pT < 10 GeV/c
	 - Maximize the signal/background ratio and the observed v2

            - Exclude the 0-5% (small initial spatial anisotropy for head-on collisions)
	 - Evaluation of the J/ψ mean pT for each centrality class
	 - Weak variation of the J/ψ mean pT with the centrality (no bias in the sampled
           pT distribution)  

J/ψ mean pT evaluated in a similar 
way as the J/ψ v2

€ 

< pT (total,Minv ) >=
f (signal,Minv ) × < pT >sig + f bkg,Minv( ) × < pT >bkg

Nsig+bkg

•  Indication of non-zero v2 for centralities 5-20% and 20-40% (significance 2.9σ)
•  for 1.5 ≤ pT < 10 GeV/c



v2	  analysis	  in	  the	  ALICE	  upgrades
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• ALICE data taking approved scenario: collecting Pb-Pb data up to an integrated
  luminosity of  Lint = 1 nb-1

• ALICE data taking upgrade scenario: increase the luminosity of the Pb-beam.
  50kHz interaction rate. Instantaneous luminosity 6✕1027 cm-2.s-1. Lint = 10 nb-1

•  Lint = 1 nb-1: 

-  Improvement of the present 
  measurement allowing to 
  measure a non-zero elliptic 
  flow at 5! significance in  
  the pT bin 0-6 GeV/c 

•  Lint = 10 nb-1: 

-  Precise measurement of    
  v2(pT) as a function of 
  rapidity 



Conclusions

05/04/13 18L.	  Massacrier	  –	  J/ψ	  ellip)c	  flow	  in	  Pb-‐Pb	  collisions	  with	  the	  ALICE	  experiment

•  !"##$%&'()'*+,'%,-".*-/'
–  !"#$%&'(")*(+)"(",-.+()/01)23)$")45.)%."4+&6$47)+&"8.)39,:9;)&"#)<=)+&"8.)3,>)?.@0%)

AB$8"$C%&"%.)3DEFG)
–  H$"4)*(+)"(",-.+()/01)23)$")45.)%."4+&6$47)+&"8.)39,>9;)&"#)<=)+&"8.)3,:)?.@0%)A3FGD)

I$J.+."4)4+."#)K$45)+.B<.%4)4()6(K.+).".+87)L.&BM+.L."4B)

–  H$"4B)*(+)"(",-.+()23)$")%."4+&6)AN,39;G)&"#)B.L$,%."4+&6)A39,:9;G)%(66$B$("B)*(+)<=)O)PDN)
?.@0%)

01234$5(1'()'1(167,%('89')$8(%-'%,:,1,%$5(1'#,4+$13-#-';+34+'#$&'4(1*%3<"*,'

-3:13=4$1*.&'*('*+,'>%(2"45(1'()'?@A'$*'BCD',1,%:3,-'E4(1-3-*,1*';3*+'?@A'FGG'

%,-".*-H'

I%$1->(%*-'#(2,.-'314."231:'$'%,:,1,%$5(1'4(#>(1,1*')%(#'2,4(1=1,2'4+$%#'

J"$%K-'31'*+,'#,23"#'$%,'$<.,'*('J"$.3*$58,.&'2,-4%3<,'*+,'>I'2,>,12,14,'()'
*+,'?@A'89'E$-';,..'$-'3*-'1"4.,$%'#(23=4$5(1')$4*(%H'

•  L"*"%,'()'?@A'89'$1$.&-3-/'
–  Q$"4R)P"S,P)T)!L<+(2.)45.)<+.%$B$(")(*)45.)%M++."4)L.&BM+.L."4)ANF)B$8"$C%&"%.G)

–  Q$"4)R)P9"S,PT)U4M#7)(*)23A<=G)&B)&)*M"%'(")(*)+&<$#$47))


