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Interes'ng	
  talks	
  in	
  SQM	
  
•  h2ps://indico-­‐new.jinr.ru/conferenceTimeTable.py?confId=34#20150706	
  

•  Heavy	
  quarkonia	
  from	
  laQce	
  QCD	
  by	
  Rothkopf	
  
•  J/psi	
  and	
  psi'	
  suppression	
  in	
  pA	
  collisions	
  by	
  Lansberg	
  
•  J/psi	
  and	
  psi(2S)	
  measurements	
  in	
  pp	
  collisions	
  at	
  200,	
  

500GeV	
  with	
  the	
  STAR	
  experiment	
  by	
  Trzeciak	
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J/psi	
  polariza'on	
  in	
  STAR	
  500GeV	
  	
  pp	
  

•  Non-­‐zero	
  polariza'on	
  at	
  high	
  XT	
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J/psi	
  polariza'on	
  in	
  STAR	
  500GeV	
  	
  pp	
  

•  Non-­‐zero	
  polariza'on	
  at	
  high	
  XT	
  

	
  

•  xT	
  =	
  0.02	
  in	
  5TeV	
  PbPb	
  =	
  50GeV.	
  	
  	
  Doable	
  analysis!	
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Lansberg’s	
  talk	
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NLO	
  vs	
  LO	
  RpPb	
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NLO	
  vs	
  LO	
  RFB	
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LO	
  Predic'on	
  in	
  RFB	
  ,	
  pT>6GeV	
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LO	
  Predic'on	
  in	
  RFB	
  ,	
  pT>6GeV	
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Centrality	
  dependence	
  in	
  ALICE	
  and	
  ATLAS	
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ATLAS	
  result	
  and	
  interpola'on	
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Interpola'on	
  in	
  CMS	
  seems	
  to	
  be	
  
very	
  hard	
  due	
  to	
  limited	
  manpower.	
  
Maybe	
  RCP	
  



RCP	
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Backup	
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Polariza'on	
  of	
  Υ	
  in	
  p+p	
  at	
  7TeV	
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•  Modifica'on	
  of	
  polariza'on	
  can	
  be	
  
thought	
  of	
  as	
  the	
  signal	
  of	
  interac'on	
  
exerted	
  during	
  the	
  forma'on	
  of	
  	
  	
  	
  
bound	
  state	
  è	
  final	
  state	
  effect	
  

•  Polariza'on	
  of	
  Υ	
  states	
  propagates	
  to	
  
the	
  anisotropic	
  angular	
  distribu'on	
  of	
  
the	
  decayed	
  muons	
  

•  	
  	
  	
  	
  ,	
  frame	
  independent	
  variable,	
  was	
  
used	
  to	
  quan'fy	
  the	
  distribu'on	
  shape	
  

•  Dependence	
  on	
  par'cle	
  mul'plicity	
  in	
  
p+p	
  collisions	
  was	
  inves'gated	
  to	
  find	
  
the	
  correla'on	
  with	
  surrounding	
  
hadrons	
  

QQ

λ



Polariza'on	
  of	
  Υ	
  in	
  p+p	
  at	
  7TeV	
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•  Υ	
  polariza'ons	
  were	
  shown	
  to	
  remain	
  near	
  the	
  unpolarized	
  limit,	
  with	
  no	
  
significant	
  dependence	
  on	
  par'cle	
  mul'plicity	
  

•  The	
  result	
  excludes	
  the	
  case	
  of	
  intense	
  modifica'on	
  of	
  quarkonium	
  
produc'on	
  processes	
  by	
  underlying	
  events	
  

HIN-­‐15-­‐003	
  



J/ψ	
  in	
  p+Pb	
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•  CMS	
  measured	
  the	
  double	
  
differen'al	
  cross-­‐sec'on	
  of	
  J/ψ	
  	
  

•  Non-­‐prompt	
  J/ψ	
  (from	
  B	
  
meson)	
  are	
  separated	
  using	
  
decay	
  length	
  recogni'on	
  

CMS-­‐HIN-­‐14-­‐009	
  



Lessons	
  from	
  J/ψ	
  cross-­‐sec'on	
  in	
  p+Pb	
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•  Gluon	
  distribu'on	
  directly	
  reflects	
  to	
  (pT,	
  y)	
  distribu'on	
  of	
  prompt	
  J/ψ	
  
•  Modifica'on	
  of	
  PDF	
  can	
  be	
  probed	
  by	
  asymmetry	
  of	
  J/ψ	
  yield	
  between	
  p-­‐

going	
  direc'on	
  and	
  pb-­‐going	
  direc'on	
  	
  

p	
   Pb	
  

CMS	
  covers	
  :	
  	
  10-­‐4	
  <	
  x2	
  <	
  10-­‐2	
  
In	
  case	
  of	
  2	
  -­‐>	
  1	
  process	
  



Lessons	
  from	
  J/ψ	
  cross-­‐sec'on	
  in	
  p+Pb	
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•  Gluon	
  distribu'on	
  directly	
  reflects	
  to	
  (pT,	
  y)	
  distribu'on	
  of	
  prompt	
  J/ψ	
  
•  Modifica'on	
  of	
  PDF	
  can	
  be	
  probed	
  by	
  asymmetry	
  of	
  J/ψ	
  yield	
  between	
  p-­‐

going	
  direc'on	
  and	
  pb-­‐going	
  direc'on	
  	
  
•  Let’s	
  fold	
  plot	
  around	
  yCM=0	
  to	
  compare	
  Forward/Backgrward	
  yields,	
  RFB	
  

p	
   Pb	
  

CMS	
  covers	
  :	
  	
  10-­‐4	
  <	
  x2	
  <	
  10-­‐2	
  
In	
  case	
  of	
  2	
  -­‐>	
  1	
  process	
  

	
  
	
  



Lessons	
  from	
  J/ψ	
  cross-­‐sec'on	
  in	
  p+Pb	
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•  (Let)	
  The	
  RFB	
  	
  monotonically	
  decreases	
  for	
  low	
  pT	
  confirming	
  significant	
  
modifica'on	
  of	
  PDF.	
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Lessons	
  from	
  J/ψ	
  cross-­‐sec'on	
  in	
  p+Pb	
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•  (Let)	
  The	
  RFB	
  	
  monotonically	
  decreases	
  for	
  low	
  pT	
  confirming	
  significant	
  
modifica'on	
  of	
  PDF.	
  	
  	
  

•  (Right)	
  Measured	
  RFB	
  as	
  a	
  func'on	
  of	
  event	
  ac'vity*	
  to	
  inves'gate	
  centrality	
  
dependence.	
  	
  	
  Asymmetry	
  is	
  enhanced	
  for	
  higher	
  event	
  ac'vity	
  bins	
  

*Event	
  ac'vity	
  =	
  transverse	
  energy	
  deposited	
  in	
  forward	
  calorimeter	
  4<|η|<5.2	
  

Larger	
  event	
  
ac'vity	
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Lessons	
  from	
  J/ψ	
  cross-­‐sec'on	
  in	
  p+Pb	
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•  (Let)	
  The	
  RFB	
  	
  monotonically	
  decreases	
  for	
  low	
  pT	
  confirming	
  significant	
  
modifica'on	
  of	
  PDF.	
  	
  	
  

•  (Right)	
  Measured	
  RFB	
  as	
  a	
  func'on	
  of	
  event	
  ac'vity*	
  to	
  inves'gate	
  centrality	
  
dependence.	
  	
  	
  Asymmetry	
  is	
  enhanced	
  for	
  higher	
  event	
  ac'vity	
  bins	
  

*Event	
  ac'vity	
  =	
  transverse	
  energy	
  deposited	
  in	
  forward	
  calorimeter	
  4<|η|<5.2	
  

Consistent	
  with	
  
ALICE	
  J/ψ	
  result	
  	
  è	
  

ALICE	
  forward	
  	
  

ALICE	
  backward	
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Part	
  III	
  
-­‐  Modifica0on	
  of	
  heavy	
  quarks	
  in	
  p+Pb	
  collision	
  
-­‐  B	
  meson	
  and	
  B	
  jet	
  



Result	
  of	
  non-­‐prompt	
  J/ψ	
  (feed	
  from	
  B	
  meson)	
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•  Non-­‐prompt	
  J/ψ	
  results	
  show	
  same	
  trend	
  with	
  prompt	
  J/ψ,	
  but	
  the	
  effect	
  is	
  
less	
  significant	
  by	
  larger	
  uncertainty	
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Fully	
  reconstructed	
  B-­‐meson	
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•  Two	
  kinds	
  of	
  background	
  rejected	
  to	
  extract	
  signal	
  
	
  (1)	
  Combinatorial	
  backgrounds	
  
	
  (2)	
  Peaking	
  structure	
  by	
  mis-­‐iden'fica'on	
  of	
  decay-­‐channel	
  

Non-­‐prompt	
  J/ψ	
  combined	
  with…	
  
	
   	
  …K+ 	
  	
   	
  	
   	
  	
   	
  	
   	
  	
   	
  …K*0	
  	
  (K++π-­‐) 	
   	
   	
   	
  …Φ	
  (K+	
  +	
  K-­‐)	
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Fully	
  reconstructed	
  B-­‐meson	
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•  Largest	
  uncertainty	
  source	
  is	
  the	
  p+p	
  reference	
  from	
  FONLL	
  calcula'on	
  
•  RpPb	
  is	
  consistent	
  with	
  unity	
  within	
  uncertainty	
  
•  No	
  significant	
  suppression	
  of	
  B	
  quark	
  observed	
  in	
  p+Pb	
  	
  

Non-­‐prompt	
  J/ψ	
  combined	
  with…	
  
	
   	
  …K+ 	
  	
   	
  	
   	
  	
   	
  	
   	
  	
   	
  …K*0	
  	
  (K++π-­‐) 	
   	
   	
   	
  …Φ	
  (K+	
  +	
  K-­‐)	
  

 (GeV/c)Tp
10 20 30 40 50 60

pAFO
NL

L
R

0

0.5

1

1.5

2

2.5

pA
FONLLR

Syst. int. lumi + B
Syst. FONLL pp ref.

CMS Preliminary

 (pPb 5.02 TeV)-134.6 nb
+B

 (GeV/c)Tp
10 20 30 40 50 60

| < 2.4lab|y

0B

 (GeV/c)Tp
10 20 30 40 50 60

0
sB

CMS-­‐HIN-­‐14-­‐004	
  



Different	
  b-­‐quark	
  reconstruc'on	
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•  B	
  Jet	
  can	
  be	
  reconstructed	
  using	
  secondary	
  vertex	
  of	
  charged	
  par'cles	
  
in	
  jet	
  cone	
  

•  Big	
  advantage	
  of	
  high	
  sta's'cs	
  by	
  Branching	
  Ra'o	
  factors	
  
-­‐  BR(B-­‐>J/ψ	
  +X)	
  x	
  BR(J/ψ	
  -­‐>	
  μμ)	
  ~	
  O(1000)	
  	
  

•  We	
  already	
  reported	
  preliminary	
  b-­‐jet	
  results	
  of	
  PbPb	
  in	
  SQM2013	
  
	
  

PRL	
  113(2014)132301	
  



B	
  jets	
  in	
  p+Pb	
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•  RpPb	
  is	
  consistent	
  with	
  unity	
  within	
  uncertainty	
  
•  Consistent	
  with	
  exclusive	
  B	
  meson	
  measurement	
  	
  
•  Suppression	
  observed	
  in	
  Pb+Pb	
  is	
  not	
  coming	
  from	
  cold/ini'al	
  nuclear	
  effect	
  

PYTHIA	
  simula'on	
  was	
  
used	
  for	
  p+p	
  reference	
  	
  

CMS-­‐HIN-­‐14-­‐007	
  



Summary	
  

•  CMS	
  collabora'on	
  extensively	
  measured	
  J/ψ,	
  ψ(2S),	
  Υ(nS),	
  b	
  
meson	
  and	
  b	
  jet	
  in	
  Pb+Pb	
  and	
  p+Pb	
  

•  The	
  suppression	
  pa2ern	
  of	
  excited	
  states	
  of	
  charmonia	
  and	
  
bo2omonia	
  observed	
  in	
  Pb+Pb	
  can	
  constrain	
  theore'cal	
  
models	
  of	
  quarkonia’s	
  interac'on	
  with	
  medium	
  

•  RpA	
  results	
  of	
  B	
  meson	
  and	
  b-­‐jet	
  confirms	
  that	
  the	
  strong	
  
suppression	
  in	
  PbPb	
  is	
  final	
  state	
  effect	
  

•  RpA	
  of	
  Υ	
  and	
  RFB	
  of	
  J/ψ	
  show	
  a	
  clear	
  signals	
  of	
  cold	
  nuclear	
  
ma2er	
  effect	
  which	
  is	
  moderate	
  than	
  modifica'on	
  in	
  Pb+Pb	
  	
  

•  The	
  cold	
  nulcear	
  ma2er	
  effect	
  of	
  both	
  bo2omonia	
  and	
  
charmonia	
  has	
  strong	
  correla'on	
  with	
  the	
  event	
  ac'vity,	
  
indica'ng	
  the	
  collisional	
  centrality	
  dependence	
  	
  

•  Thanks	
  for	
  your	
  a2en'on	
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BACK	
  UP	
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Flow	
  of	
  prompt	
  J/ψ	
  
CMS	
  PAS	
  HIN-­‐12-­‐001	
   Released	
  on	
  Nov.	
  2013	
  

	
  
•  Observa'on	
  of	
  non-­‐zero	
  J/ψ	
  	
  v2	
  (or	
  azimuthal	
  asymmetry)	
  supports	
  the	
  

medium	
  induced	
  suppression	
  as	
  well	
  as	
  path	
  length	
  dependence	
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RAA	
  Comparison	
  with	
  RHIC	
  

For	
  Au+Au	
  collisions	
  at	
  200GeV	
  :	
  	
  
	
  
RAA	
  [ϒ(1S+2S+3S)]	
  =	
  0.56±0.21±0.16±0.08	
  

	
   	
   	
   	
  (STAR	
  arXiv:1109.3891)	
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RAA	
  	
  Comparison	
  with	
  theory	
  

partN
0 50 100 150 200 250 300 350 400

AA
R

0
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Nuc. Abs.

(1S)ϒ
CMS data
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Regenerated
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(2S)ϒ
CMS data
Primordial
Regenerated
Total

Model	
  calcula'ons:	
  	
  
A.	
  Emerick,	
  X.	
  Zhao	
  &	
  R.	
  Rapp,	
  EPJA	
  48,	
  72	
  (2012)	


The	
  data	
  is	
  consistent	
  with	
  the	
  strong	
  ϒ	
  
binding	
  scenario	
  assuming	
  	
  
	
  	
  -­‐	
  Small	
  regenera'on	
  for	
  ϒ(1S).	
  
Suppression	
  is	
  mostly	
  primordial	
  
Mostly	
  consistent	
  with	
  data	
  
	
  -­‐	
  Regenera'on	
  is	
  dominant	
  in	
  central	
  
collisions	
  for	
  ϒ(2S)	
  	
  
	
  
-­‐	
  Large	
  uncertainty	
  in	
  nuclear	
  
absorp'on!	
  	
  ç	
  can	
  be	
  constrained	
  by	
  
pPb	
  data	
  
	
  
-­‐	
  Note	
  that	
  T	
  =	
  610MeV	
  is	
  tuned	
  in	
  this	
  
model	
  



nPDF	
  probed	
  via	
  PbPb	
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The	
  result,	
  accompanied	
  with	
  ALICE	
  data,	
  favors	
  the	
  models	
  containing	
  moderate	
  
gluon	
  shadowing.	
  

	
  è	
  Powerful	
  constraint	
  ini'al	
  state	
  modifica'on	
  models	
  covering	
  wide	
  rapidity	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  range	
  

ALICE	
  result	
  in	
  EPJC	
  73	
  (2013)	
  2617	
  



Event	
  ac'vity	
  dependence	
  of	
  ϒ	
  yield	
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p+p	
  	
  	
  	
  
	
  p+Pb	
  	
  	
  	
  
Pb+Pb	
  

Vs.	
  forward	
  calorimeter	
  transverse	
  energy	
  	
   Vs.	
  mid-­‐rapidity	
  track	
  mul'plicity	
  	
  



CNM	
  effect	
  observed	
  in	
  1991	
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