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Different	  states	  “mel4ng”	  at	  different	  
temperatures	  due	  to	  different	  binding	  energies.	  
	  

Poten4al	  between	  q-‐an4-‐q	  pair	  	  
grows	  linearly	  at	  large	  distances	  
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Screening	  of	  long	  range	  confining	  poten4al	  at	  
high	  enough	  temperature	  or	  density.	  
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What	  happens	  when	  the	  range	  of	  the	  binding	  force	  
becomes	  smaller	  than	  the	  radius	  of	  the	  state?	  	  

J/ψ	  destrucHon	  by	  Debye	  screening	  =>	  QGP	  signature	  	  

Quarkonia	  original	  mo4va4on:	  Debye	  screening	  &	  QGP	  
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•	  Can	  the	  mel4ng	  temperature(s)	  be	  uniquely	  determined	  ?	  
	  
	  
•Are	  there	  effects	  that	  can	  induce	  an	  enhancement	  of	  quarkonium?	  
	  
	  
•Are	  there	  any	  other	  effects,	  not	  related	  to	  colour	  screening,	  that	  may	  induce	  	  
	  	  a	  suppression	  of	  quarkonium	  states	  ?	  	  
	  
	  
•	  Do	  experimental	  observa4ons	  fit	  in	  a	  coherent	  picture?	  

...but	  the	  story	  is	  not	  so	  simple	  
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Three	  main	  topics	  

Scomparin,	  QM2014	  

Charmonia/boVomonia	  topics	  
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LHC	   RHIC	  

•  Centrality	  integrated:	  	  

•  Ordered	  suppression	  	  
	  =>	  SequenHal	  melHng	  

•  The	  situaHon	  seems	  clear	  for	  ϒ 
	  less	  effects	  than	  on	  J/ψ 	  

LH
C	  
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Present	  situa4on:	  BoVomonia	  in	  AA	  at	  RHIC	  and	  LHC	  



•  Suppression,	  but	  not	  
clear	  paVern/picture	  	  

•  Interplay	  of	  hot	  and	  cold	  
medium	  effects:	  

	  

shadowing,	  nuclear	  absorp4on,	  
energy	  loss,	  comovers,	  colour	  
screening,	  regenera4on	  

•  Quarkonium	  in	  p+p	  s4ll	  not	  
fully	  controlled	  theore4cally	  

	  

CSM,	  COM,	  polariza4on..	  

Present	  situa4on:	  Charmonia	  in	  AA	  at	  RHIC	  and	  LHC	  
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The	  cold	  nuclear	  maVer	  effects	  present	  in	  pA	  collisions	  are	  of	  	  
course	  present	  also	  in	  AA	  and	  can	  mask	  genuine	  QGP	  effects	  

CNM,	  evaluated	  in	  pA,	  are	  extrapolated	  to	  AA,	  in	  order	  to	  build	  	  
a	  reference	  for	  the	  J/Ψ	  behaviour	  in	  hadronic	  maVer	  

Quarkonium	  produc4on	  is	  suppressed	  in	  nuclear	  collisions	  ...but	  for	  a	  variety	  of	  reasons	  

QGP	  effects	  
A+A	  collisions	  

•	  dissocia4on	  by	  screening	  (“mel4ng”)	  and/or	  collisions	  in	  hot	  QGP	  

• 	  nuclear	  absorp4on	  
• 	  energy	  loss	  
• 	  comovers	  

p 

µ 

µ 
J/ψ 

• 	  	  	  shadowing,	  	  
• 	  	  	  satura4on	  
• 	  	  	  intrinsic	  charm	  

Ini4al	  state	   Final	  state	  
CNM	  effects	  
p+A	  and	  A+A	  collisions	  

To	  understand	  quarkonium	  behaviour	  in	  the	  hot	  medium,	  it’s	  important	  to	  know	  its	  	  
behaviour	  in	  the	  cold	  nuclear	  maVer.	  This	  informa4on	  can	  be	  achieved	  studying	  pA	  collisions	  

Quarkonium	  supression	  in	  p+A	  collisions:	  CNM	  effects	  	  
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Par4cle	  spectrum	  altered	  by	  interac4ons	  with	  the	  nuclear	  maVer	  they	  traverse	  
=>	  J/Ψ	  suppression	  	  due	  to	  final	  state	  interac4ons	  with	  spectator	  nucleons	  

•	  At	  low	  energy:	  the	  heavy	  system	  undergoes	  successive	  interac4ons	  with	  nucleons	  in	  	  	  
	  	  	  its	  path	  and	  has	  to	  survive	  all	  of	  them	  =>	  Strong	  nuclear	  absorpHon	  
•	  At	  high	  energy:	  the	  coherence	  length	  is	  large	  and	  the	  projec4le	  interacts	  with	  the	  	  	  	  	  
	  	  	  nucleus	  as	  a	  whole	  =>	  Smaller	  nuclear	  absorpHon	  

•	  Usual	  parameterisa4on:	  
(Glauber	  model)	  

Energy	  dependence	  

In	  terms	  of	  formaHon	  Hme:	  

Sabs	  =	  exp(-‐ρ σabs	  L	  )	  
nuclear	  maVer	  density	   break-‐up	  cross	  sec4on	   path	  length	  

FormaHon	  Hme	  depends	  on	  the	  boost	  

Nuclear	  absorpHon	  small	  at	  LHC	  energies	  and	  smaller	  for	  ϒ than	  for	  J/ψ	  

Nuclear	  absorp4on:	  a	  final	  cold	  nuclear	  maVer	  effect	  
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The	  medium-‐induced	  gluon	  radiaHon	  associated	  to	  large-‐xF	  quarkonium	  
hadroproducHon:	  

v coherent	   radiaHon	   of	   the	   incoming	   parton	   and	   outgoing	  
colored	  object	  	  	  
v arises	  from	  large	  gluon	  formaHon	  Hmes	  tf	  	  >>	  L	  	  
v 	  scales	  as	  the	  incoming	  parton	  energy	  E	  	  

	  
	  
	  
	  

•	  Radiated	  energy	  associated	  to	  a	  hard	  process	  	  =>	  a	  frac&onal	  energy	  loss:	  Δ	  E	  α	  E	  	  
	  
	  

	  
•	  Due	  to	  energy	  loss,	  a	  hard	  QCD	  process	  probes	  the	  incoming	  PDFs	  at	  higher	  x,	  where	  
they	  are	  suppressed,	  leading	  to	  nuclear	  suppression	  
	  

Energy	  loss	  effect:	  Frac4onal	  energy	  loss	  
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Arleo,	  Peigne	  



	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

•	  Nuclear	  shadowing	  	  is	  an	  ini4al-‐state	  effect	  on	  the	  partons	  distribu4ons	  
•	  Gluon	  distribu4on	  func4ons	  are	  modified	  by	  the	  nuclear	  environment	  
	  •	  PDFs	  	  in	  nuclei	  different	  from	  the	  superposi4on	  of	  PDFs	  	  of	  their	  nucleons	  
	  

shadowing	  

anHshadowing	  

EMC	  

Shadowing	  effects	  increases	  with	  energy	  (1/x)	  and	  decrease	  with	  Q2	  (mT)	  	  

Large	  uncertainHes	  for	  gluons	  :	  Shape	  of	  the	  nPDFs,	  shadowing,	  an4shadowing,	  EMC?	  
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nPDFs	  modifica4on:	  an	  ini4al	  cold	  nuclear	  maVer	  effect	  



6 The ALICE Collaboration
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Fig. 3: (Color online) Centrality integrated inclusive J/ψ RAA measured in Pb-Pb collisions at
√sNN = 2.76 TeV

as a function of rapidity for two pt ranges. The open boxes contain the total systematic uncertainties except the
ones on the integrated luminosity in the pp reference and on the TAA, i.e. 5.2% (8.3%) for the ALICE (CMS [11])
data. The two models [22, 23] predict the RAA due only to shadowing effects for nDSg (shaded areas) and EPS09
(lines) nPDF respectively.

The rapidity dependence of the J/ψ RAA is presented in Fig. 3 for two pt domains, pt ≥ 0 and pt ≥
3 GeV/c. The J/ψ reference cross sections in pp collisions 3 and the RAA total systematic uncertain-
ties, indicated as open boxes in the figure, were evaluated in the same kinematic range. Our results
are shown together with a measurement from CMS [11] of the inclusive J/ψ RAA in the rapidity range
1.6 < |y| < 2.4 with pt ≥ 3 GeV/c. No significant rapidity dependence can be seen in the J/ψ RAA for
pt ≥ 0. For pt ≥ 3 GeV/c, a decrease of RAA is observed with increasing rapidity reaching a value of
0.289±0.061(stat.)±0.078(syst.) for 3.25 < y< 4. At LHC energies, J/ψ nuclear absorption is likely
to be negligible and the modification of the gluon distribution function is dominated by shadowing ef-
fects [24]. An estimate of shadowing effects is shown in Fig. 3 within the Color Singlet Model at Leading
Order [22] and the Color Evaporation Model at Next to Leading Order [23]. The shadowing is respec-
tively calculated with the nDSg and the EPS09 parametrizations [23] of the nuclear Parton Distribution
Function (nPDF). For nDSg (EPS09) the upper and lower limits correspond to the uncertainty in the fac-
torization scale (uncertainty of the nPDF). The effect of shadowing shows no dependence with rapidity
and its overall amount is reduced by the addition of a transverse momentum cut. At most, shadowing
effects are expected to lower the RAA from 1 to 0.7. Recent Color Glass Condensate (CGC) calculations
for LHC energies may indicate a larger initial state suppression (RAA ≈ 0.5) [25]. However, any J/ψ
suppression due to initial state effects, CGC or shadowing, will be stronger at lower pt contrary to the

3We report here σppJ/ψ (pt ≥ 3GeV/c, 2.5 < y ≤ 3.25) = 0.34± 0.03(stat.)± 0.03(syst.)± 0.02(lumi.) µb and σppJ/ψ (pt ≥
3GeV/c, 3.25 < y< 4) = 0.50±0.04(stat.)±0.04(syst.)±0.02(lumi.) µb that can not directly be extracted from [12].

Produc4on	  mechanism	  affects	  CNM	  effects	  in4mately:	  
•	  Shadowing	  depends	  on	  momentum	  frac4on	  x	  of	  the	  target	  	  (and	  projec4le	  in	  AA)	  	  

which	  is	  influenced	  by	  how	  the	  state	  was	  produced:	  2	  →	  1	  or	  2	  →	  2	  process	  
•	  Produc4on	  can	  also	  affect	  	  other	  CNM	  effects,	  	  

since	  singlet	  and	  octet	  states	  can	  be	  absorbed	  differently	  

Rakotozandrabe,	  Ferreiro,	  Fleuret,	  Lansberg	  ,	  Matagne	  Nucl.	  Phys.	  A855,	  327	  (2011)	  

•	  Nuclear	  shadowing	  	  is	  an	  ini4al-‐state	  effect	  on	  the	  partons	  distribu4ons	  
•	  Gluon	  distribu4on	  func4ons	  are	  modified	  by	  the	  nuclear	  environment	  
	  •	  PDFs	  	  in	  nuclei	  different	  from	  the	  superposi4on	  of	  PDFs	  	  of	  their	  nucleons	  
	   Shadowing	  effects	  increases	  with	  energy	  (1/x)	  and	  decrease	  with	  Q2	  (mT)	  	  

Ini4al	  shadowing	  effects	  are	  important:	  J/ψ	  	  	  produc4on	  in	  PbPb	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  @	  	  	  LHC	  
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good	  agreement	  with	  EPS09	  LO	  and	  nDSg	  shadowing	  
also	  consistent	  w	  energy	  loss	  models	  w/wo	  EPS09NLO	  shadowing	  	  
EPS09	  NLO	  and	  CGC	  calcula4on	  disfavored	  	  

E.G.F,	  F.	  Fleuret,	  J.P.	  Lansberg,	  
A.Rakotozafindrabe	  
Phys.Rev.	  C88	  (2013)	  4,	  047901	  	  

E.	  G.	  Ferreiro 	   	   	   	   	   	   	   	   	   	   	   	   	  	  	  	  	  	  	  	  	  	  	  	  INT	  Workshop,	  Seagle,	  10/1/2014	  

Cross	  check:	  J/ψ	  	  	  produc4on	  in	  pPb	  @	  LHC	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
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CNM	  effects	  from	  p-‐Pb	  to	  Pb-‐Pb	  	  

Once	  CNM	  effects	  are	  measured	  in	  pA,	  	  
what	  can	  we	  learn	  on	  J/ψ	  produc4on	  in	  PbPb?	  

Sizeable	  pT	  dependent	  
suppression	  s4ll	  visible	  	  
à  CNM	  effects	  not	  enough	  to	  
	  	  	  	  	  	  explain	  AA	  data	  at	  high	  pT	  

From	  enhancement	  to	  
suppression	  increasing	  pT	  	  
à	  hint	  for	  recombina4on	  
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E.	  G.	  Ferreiro 	   	   	   	   	   	   	   	   	   	   	   	   	  	  	  	  	  	  	  	  	  	  	  	  INT	  Workshop,	  Seagle,	  10/1/2014	  

•  A	  strong	  decrease	  of	  the	  ψ(2S)	  produc4on,	  rela4ve	  to	  J/ψ,	  is	  observed	  in	  
	   	   	  p+Pb	  at	  LHC 	   	   	   	   	   	   	  d+Au	  at	  RHIC	  

Same	  ini4al	  CNM	  effects	  (shadowing	  –similar	  mT-‐,	  energy	  loss,	  nuclear	  absorp4on	  
-‐	  charmonium	  forma4on	  4me	  	   	   	   	  <	  	  RA	  -‐)	  for	  both	  J/ψ	  and	  ψ(2S)	  
=>	  theore4cal	  predic4ons	  in	  disagreement	  with	  ψ(2S)	  results	  
	   Final	  state	  effects	  related	  to	  the	  medium	  created	  in	  the	  p-‐Pb	  collisions?:	  	  

co-‐moving	  medium	  

A	  surprise: ψ	  	  (2S)	  in	  dAu	  @	  RHIC	  and	  pPb	  @LHC	
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ψ	  	  (2S)	  and	  J/ψ	  	  	  in	  dAu	  @	  RHIC:	  comover	  scenario	
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�	  Iden4cal	  shadowing	  for	  ψ	  	  	  (2S)	  and	  J/ψ	  	  

�	  J/ψ 	  	  	  	  suppression	  due	  to	  the	  combined	  effect	  
of	  shadowing	  and	  comover	  dissocia4on	  
	  
	  �       ψ        	  	  	  (2S)	  suppression	  due	  to	  the	  combined	  effect	  
of	   shadowing	   and	   stronger	   comover	  
dissocia4on 	   	  	  
	  

σco-‐ψ          	  	  	  (2S)	  =	  6	  mb,	  σco-‐J/ψ	  	  	  	  =	  0.65	  mb	  
	  (iden4cal	  to	  the	  ones	  used	  at	  SPS	  &	  LHC)	  
PLB430	  (1998),	  PRL	  85	  (2000)	  2080,	  PLB731	  (2014)	  57	  	  	  	  
	  

σco-‐ψ          	  	  	  (2S)	  >	  σco-‐J/ψ	  	  
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ψ	  	  (2S)	  and	  J/ψ	  	  	  in	  dAu	  @	  RHIC:	  comover	  scenario	




E.	  Ferreiro	  arXiv:1411.0549	  

•  Comovers	  dissocia4on	  affects	  
more	  strongly	  the	  loosely	  bound	  
ψ(2S)	  than	  the	  J/ψ	  	  

•  Comovers	  density	  larger	  at	  
backward	  rapidity	  

shadowing	  

J/ψ	  comover+shadowing	  	  
ψ(2S)	  comover+shadowing	  	  

Charmonium	  interac4on	  with	  
comoving	  par4cles:	  

ψ	  	  (2S)	  and	  J/ψ	  	  	  in	  pPb	  @	  LHC:	  comover	  scenario	


E.	  G.	  Ferreiro	  USC 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Cold	  nuclear	  effects	  in	  quarkonium	  producHon 	  	  	  	  	  	  	  	   	  	  	  	  	  	  	  	  	  	  EDS15,	  29	  Jun	  2015	  



	  
	  	  	  	  J/ψ	  	  	  	  produc4on	  seems	  at	  least	  qualitaHvely	  understood	  	  
	  
•	  IniHal	  cold	  nuclear	  mager	  effects	  can	  be	  described	  with	  shadowing/energy	  loss	  
	  
•	  Produc4on	  in	  HI	  collisions	  is	  described	  by	  a	  combina4on	  of	  	  
	  

suppression	  (either	  color	  screening,	  or	  in-‐medium	  dissocia4on)	  	  
recombinaHon	  (either	  in-‐medium	  or	  at	  phase	  boundary)	  	  

	  
Challenge	  will	  be	  to	  discriminate	  between	  these	  possible	  scenarios	  	  
	  

	  	  	  	  What	  is	  the	  state	  of	  the	  art	  for	  ψ  	  	  	  (2S)?	  
	  
•	  IniHal	  cold	  nuclear	  mager	  effects	  (shadowing/	  energy	  loss)	  are	  considered	  to	  be	  	  
	  	  	  the	  same	  for	  than	  for	  the	  J/ψ	  	  
	  
•	  In-‐medium	  effects	  depending	  on	  density	  (comovers)	  are	  able	  to	  dis4nguish	  	  
	  	  	  between	  J/ψ	  	  	  and	  ψ  	  	  	  (2S)	  

E.	  G.	  Ferreiro 	   	   	   	   	   	   	   	   	   	   	   	   	  	  	  	  	  	  	  	  	  	  	  	  INT	  Workshop,	  Seagle,	  10/1/2014	  E.	  G.	  Ferreiro	  USC 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Cold	  nuclear	  effects	  in	  quarkonium	  producHon 	  	  	  	  	  	  	  	   	  	  	  	  	  	  	  	  	  	  EDS15,	  29	  Jun	  2015	  

What	  have	  we	  learnt	  from	  J/ψ	  	  	  produc4on	  in	  pPb	  and	  PbPb	  @	  LHC?              	  	  	  



ϒ in	  dAu	  @	  RHIC:	  gluon	  EMC	  effect	  

E.	  G.	  Ferreiro	  USC 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Cold	  nuclear	  effects	  in	  quarkonium	  producHon 	  	  	  	  	  	  	  	   	  	  	  	  	  	  	  	  	  	  EDS15,	  29	  Jun	  2015	  



ϒ in	  dAu	  @	  RHIC:	  shadowing	  
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ϒ in	  pPb	  @	  LHC:	  shadowing	  
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J/ψ	  	  	  	  produc4on	  seems	  at	  least	  qualita4vely	  understood	  	  
	  

Ini4al	  cold	  nuclear	  maVer	  effects	  can	  be	  described	  with	  shadowing	  and/or	  energy	  loss	  
	  

Produc4on	  in	  HI	  collisions	  is	  described	  by	  a	  combina4on	  of	  	  
	  

•suppression	  (either	  color	  screening,	  or	  in-‐medium	  dissocia4on)	  	  
•recombina4on	  (either	  in-‐medium	  or	  at	  phase	  boundary)	  	  
	  

Challenge	  will	  be	  to	  discriminate	  between	  these	  possible	  scenarios	  	  
	  

What	  is	  the	  state	  of	  the	  art	  for	  ψ  	  	  	  (2)?	  
	  

Note	  that	  cold	  nuclear	  maVer	  effects	  (shadowing	  and/or	  energy	  loss)	  are	  
considered	  to	  be	  the	  same	  for	  than	  for	  the	  J/ψ	  	  
	  

Nevertheless,	  in-‐medium	  effects	  depending	  on	  density	  (comovers)	  would	  be	  able	  
to	  dis4nguish	  between	  them	  

High	  density	  medium,	  
Not	  necessairly	  thermalized	  

Crucial	  to	  disHnguish	  among	  the	  models	  

ϒ(2S)	  and	  (3S)	  are	  strongly	  suppressed	  at	  LHC.	  	  
ϒ(1S)	  suppression	  is	  the	  same	  at	  RHIC	  and	  LHC,	  consistent	  with	  higher	  mass	  
excited	  states	  suppression	  	  
No	  recombina4on,	  but	  some	  shadowing	  effects	  
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What	  have	  we	  learnt	  from	  	  quarkonia	  produc4on	  @	  LHC?              	  	  	  





QGP	   recombina4on	  sequen4al	  suppression	  

•cold	  effects:	  

•hot	  effects:	  

gluon	  shadowing	  

nuclear structure functions  
in nuclei ≠ superposition  
of constituents nucleons 

nuclear	  absorp4on	  
multiple scattering of a pre-
resonance c-cbar pair within  
the nucleons of the nucleus	  

CGC	  

parton	  satura4on	  

non-lineal effects favoured by 
the high density of partons 
become important and lead 
to eventual saturation of the 
parton densities    

  

comovers	  

dissociation of the c-cbar  
pair with the dense medium 
produced in the collision 
partonic or hadronic 

wo	  thermalisaHon	  NO	  QGP	  

w	  thermalisaHon	  QGP	  

Others:	  Cronin	  effect	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  energy	  loss	  

	   	   	   	   	   	   	   	   	   	   	  A+A	  

COLD	  or	  HOT	  effects?	  
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The	  medium-‐induced	  gluon	  radiaHon	  associated	  to	  large-‐xF	  quarkonium	  
hadroproducHon:	  

v coherent	   radiaHon	   of	   the	   incoming	   parton	   and	   outgoing	  
colored	  object	  	  	  
v arises	  from	  large	  gluon	  formaHon	  Hmes	  tf	  	  >>	  L	  	  
v 	  scales	  as	  the	  incoming	  parton	  energy	  E	  	  

	  
	  
	  
	  

•	  Radiated	  energy	  associated	  to	  a	  hard	  process	  	  =>	  a	  frac&onal	  energy	  loss:	  Δ	  E	  α	  E	  	  
	  
	  

	  
•	  Due	  to	  energy	  loss,	  a	  hard	  QCD	  process	  probes	  the	  incoming	  PDFs	  at	  higher	  x,	  where	  
they	  are	  suppressed,	  leading	  to	  nuclear	  suppression	  
	  

Energy	  loss	  effect:	  Frac4onal	  energy	  loss	  
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[\(2S)/J/\]pPb / [\(2S)/J/\]pp vs event activity 

The p-Pb \(2S)/J/\ ratio, normalized to the pp one, is studied 
also as a function of the event activity  

At backward rapidity \(2S) suppression, relative to J/\, increases 
with event activity 
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	  Iden4cal	  shadowing	  effects	  for	  ψ	  	  	  (2S)	  and	  J/ψ	  	  

[ψ	  	  	  (2S)	  /	  J/ψ	  	  ]	  	  <	  1	  due	  to	  comover	  interac4ons,	  that	  affects	  strongerly	  the	  ψ	  	  	  (2S)	  
	  

This	  effect	  is	  more	  important	  in	  the	  backward	  region,	  	  since	  the	  density	  	  of	  comovers	  is	  
higher	  there	  
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ψ	  	  (2S)	  and	  J/ψ	  	  	  in	  pPb	  @	  LHC:	  comover	  scenario	
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Quarkonium	  produc4on	  issues:	  two	  approaches	  

	  

	  	  g+g	  →	  J/ψ	

	


•	  intrinsic	  	  scheme:	  	  the	  pT	  of	  the	  J/ψ comes	  from	  ini4al	  partons 	  	  
v Not	  relevant	  for,	  say,	  pT>3	  GeV	  
v Only	  applies	  if	  COM(LO,	  αs

2)	  is	  the	  relevant	  produc4on	  mechanism	  at	  lowpT	  	  

	  	  g+g	  →	  J/ψ+g,	  gg,ggg,…	  
	  

•extrinsic	  scheme:	  	  the	  pT	  of	  the	  J/ψ	  is	  balanced	  by	  the	  outgoing	  parton(s)	  
v CSM,	  COM	  (NLO,	  NNLO)	  

2→2,	  3,	  4	  

2→1	  

5	  

	  for	  a	  given	  y,	  larger	  x	  in	  extrinsic	  scheme	  =>	  	  
	  modifica4on	  of	  shadowing	  effects	  

In	  	  fact,	  the	  2-‐>	  2	  scenario	  is	  common	  to	  CSM	  (LO)	  and	  COM	  (NLO)	  

ProducHon	  mechanism	  affects	  CNM	  effects	  inHmately:	  
•	  Shadowing	  depends	  on	  momentum	  frac4on	  x	  of	  the	  target	  	  (and	  projec4le	  in	  AA)	  	  

which	  is	  influenced	  by	  how	  the	  state	  was	  produced:	  2	  →	  1	  or	  2	  →	  2	  process	  
•	  Produc4on	  can	  also	  affect	  	  other	  CNM	  effects,	  	  

	   	   	  since	  singlet	  and	  octet	  states	  can	  be	  absorbed	  differently	  
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The	  medium-‐induced	  gluon	  radiaHon	  associated	  to	  large-‐xF	  quarkonium	  hadroproducHon:	  
v 	  arises	  from	  large	  gluon	  formaHon	  Hmes	  tf	  	  >>	  L	  	  
v 	  scales	  as	  the	  incoming	  parton	  energy	  E	  	  
v 	  cannot	  be	  idenHfied	  with	  the	  usual	  energy	  loss	  
v 	  qualitaHvely	  similar	  to	  Bethe-‐Heitler	  energy	  loss	  
v 	  the	  Brodsky-‐Hoyer	  bound	  does	  not	  apply	  for	  large	  formaHon	  Hmes	  

	  

Thus,	  the	  assump4on	  of	  an	  “energy	  loss”	  scaling	  as	  E	  turns	  out	  to	  be	  qualita4vely	  valid	  for	  
quarkonium	  produc4on	  provided	  this	  “energy	  loss”	  is	  correctly	  interpreted	  as	  the	  radiated	  
energy	  associated	  to	  the	  hard	  process,	  and	  not	  as	  the	  energy	  loss	  of	  independent	  incoming	  and	  
outgoing	  color	  charges.	  	  
	  

•	  Recently	  (Arleo,	  Peigner,	  Sami)	  it	  has	  been	  probed	  that	  the	  noHon	  of	  radiated	  energy	  associated	  	  
	  	  	  to	  a	  hard	  process	  is	  more	  general	  than	  the	  noHon	  of	  parton	  energy	  loss.	  	  

=>	  a	  frac&onal	  energy	  loss:	  Δ	  E	  α	  E	  	  
	  
	  

•	  Usual	  idea:	  An	  energe4c	  parton	  traveling	  in	  a	  large	  nuclear	  medium	  undergoes	  mul4ple	  elas4c	  	  
	  	  	  	  	  	  	  	  scaVerings,	  which	  induce	  gluon	  radia4on	  =>	  radia&ve	  energy	  loss	  	  (BDMPS)	  

	  

•	  IntuiHvely:	  due	  to	  parton	  energy	  loss,	  a	  hard	  QCD	  process	  probes	  the	  incoming	  PDFs	  at	  higher	  	  	  
	  	  	  	  	  	  	  	  x,	  where	  they	  are	  suppressed,	  leading	  to	  nuclear	  suppression	  

	  

•	  The	  problem:	  This	  energy	  loss	  is	  subject	  to	  the	  LPM	  bound	  (Brodsky-‐Hoyer)	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  =>	  Δ	  E	  is	  limited	  and	  does	  not	  scale	  with	  E	  =>negligible	  effect	  	  at	  RHIC	  and	  LHC	  

Energy	  loss	  effect:	  Frac4onal	  energy	  loss	  
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COMMENT	  1:	  Scale	  uncertainty	  
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COMMENT	  2:	  SaturaHon?	  
SaturaHon	  scale	  

sets	   the	   minimum	   momentum	   fracHon	  
below	  which	  one	  expects	  non-‐linear	  effects	  
to	   be	   significant	   in	   the	   evoluHon	   of	   the	  
parton	  distribuHon	  

Satura4on	  scale	  always	  well	  below	  the	  
typical	  energy	  scale	  of	  the	  process	  mϒ	  
	  

=>	  one	  does	  not	  expect	  any	  specific	  
satura4on	  effect	  on	  ϒ	  produc4on	  in	  
p(d)A	  collisions	  @	  RHIC	  &LHC	  	  or	  in	  
J/ψ	  @	  RHIC	  
	  

=>	  shadowing	  of	  gluons	  as	  encoded	  in	  
the	  nPDF	  fits	  based	  on	  the	  collinear	  
factorisa4on	  should	  give	  a	  reliable	  
account	  of	  the	  possible	  low-‐x	  physics	  

ϒ	  @	  RHIC	  

ϒ	  @	  LHC	  

J/ψ	  and	  ψ’	  @	  RHIC	  

Some	  place	  for	  CGC	  on	  J/ψ	  @	  LHC:	  
QspPb	  J/ψ	  	  =	  2.3	  GeV	  at	  y=0	  

	  =3.8	  GeV	  at	  y=2	  
	  =6.5	  GeV	  at	  y=4	  
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