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Outline	
  

•  The	
  CMS	
  Detector	
  from	
  Quarkonia	
  Point	
  of	
  View	
  
– Detector	
  subsystems	
  
– Muon	
  Reconstruc8on	
  
– Muon	
  Trigger	
  
– Tracking	
  Performance	
  

•  The	
  CMS	
  Quarkonium	
  Program	
  
– Current	
  Results	
  
– Prospec8ves	
  

•  Conclusions	
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Drift Tubes	



Resistive Plate Chambers	



Cathode Strip Chambers	
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Muon	
  Reconstruc8ons	
  

•  Global	
  Muons	
  
–  Fit	
  track	
  in	
  the	
  Muon	
  

System	
  
–  Fit	
  track	
  in	
  the	
  Silicon	
  

Tracker	
  
–  Match	
  and	
  global	
  refit	
  
–  High	
  purity	
  

•  Tracker	
  Muons	
  
–  Extrapolate	
  inner	
  tracks	
  to	
  

the	
  Muon	
  System	
  and	
  find	
  
matching	
  segments	
  

–  Higher	
  efficiency	
  at	
  low	
  pT	
  	
  
–  Lower	
  purity	
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HCAL 

MUON	
  SYSTEM	
  

PIXELS	
  +	
  
TRACKER	
  

CALORIMETERS	
  

Global	
  muon �
Tracker	
  muon �



Muon	
  Kinema8c	
  Reach	
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P	
   Pt	
  

Pt	
  
P	
  

J/psi	
  muons	
  (MC)	
   J/psi	
  muons	
  (MC)	
  

Muon	
  Efficiency	
  (MC)	
  Muon	
  Efficiency	
  (MC)	
  



Muon	
  Trigger	
  

L1:	
  DTTF	
  +	
  CSCTF	
  +	
  RPC,	
  pT	
  from	
  LUT	
  

L2:	
  pT	
  from	
  fit	
  +	
  beamspot	
  constraint	
  
L2	
  Isola8on:	
  HCAL	
  
and	
  regional	
  ECAL	
  

L3:	
  Tracking	
  seeded	
  by	
  L2:	
  Outside-­‐In	
  and	
  pixel	
  seeded	
  Inside-­‐Out	
  	
  )	
  	
  

L3	
  Isola8on:	
  
Pixel	
  Tracks	
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~20kHz	
  

~50Hz	
  



Trigger	
  Strategy	
  in	
  2010	
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L1	
  Double	
  Mu	
  0	
  

L3	
  Double	
  Mu	
  0	
  

L3	
  Double	
  Mu	
  3	
  	
  or	
  
L3	
  Double	
  Mu	
  0	
  +	
  OS	
  +	
  
1.5	
  <	
  M	
  <	
  14	
  

CMS	
  could	
  manage	
  trigger	
  rates	
  for	
  quarkonia	
  without	
  pT	
  thresholds	
  



The	
  Di-­‐muon	
  Mass	
  Spectrum	
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Mass	
  and	
  Vertex	
  Resolu8ons	
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• 	
  Mass	
  resolu8on	
  0.7—1.4	
  %	
  of	
  mass	
  
• 	
  Tracker	
  performance	
  well	
  understood	
  
• 	
  Good	
  agreement	
  between	
  MC	
  and	
  
DATA	
  	
  



Data	
  Driven	
  Efficiency	
  Measurements	
  

Nsig	
  *	
  efficiency	
   Nsig	
  *	
  (1-­‐efficiency)	
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•  Use	
  Tag	
  and	
  Probe	
  method	
  on	
  J/
psi	
  for	
  efficiency	
  measurements	
  
in	
  data	
  

•  Unbinned	
  simultaneous	
  fit	
  to	
  
passing	
  and	
  failing	
  tag-­‐probe	
  
pair	
  mass	
  distribu8ons	
  	
  

•  Good	
  agreement	
  between	
  DATA	
  
and	
  MC	
  simula8on,	
  efficiencies	
  
are	
  independent	
  from	
  the	
  used	
  
peak	
  

Tracker	
  Muon	
  
Id	
  Efficiency	
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CMS	
  Quarkonium	
  Program	
  with	
  Muons	
  

•  J/psi	
  (1S)	
  and	
  (2S)	
  
– Differen8al	
  cross	
  sec8on,	
  prompt	
  and	
  non-­‐prompt	
  
–  Polariza8on	
  of	
  prompt	
  
–  Polariza8on	
  of	
  direct	
  (with	
  Chi_c	
  tagging)	
  

•  Upsilon	
  (1S),	
  (2S)	
  and	
  (3S)	
  
– Differen8al	
  cross	
  sec8on	
  
–  Polariza8on	
  inclusive	
  
–  Polariza8on	
  of	
  direct	
  (with	
  Chi_b	
  tagging)	
  

•  Chi_c,	
  Chi_b	
  and	
  XYZ	
  Exo8cs	
  
–  Cross	
  sec8ons	
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J/psi	
  Cross	
  Sec8on	
  Measurement	
  

12/3/2010	
   Zoltan	
  Gecse,	
  Purdue	
  University,	
  CMS	
   12	
  



Inclusive	
  J/psi	
  Cross	
  Sec8on	
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Non-­‐prompt	
  J/psi	
  Frac8on	
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Comparisons	
  with	
  Theory	
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Upsilon	
  Cross	
  Sec8on	
  Measurement	
  
•  3.1/pb	
  of	
  data	
  collected	
  with	
  L1	
  Double	
  Mu	
  

0	
  trigger	
  	
  
•  Selec8on	
  similar	
  to	
  J/psi	
  but	
  
	
  pT>3.5GeV	
  for	
  |η|	
  <	
  1.6	
  
	
  pT>2.5GeV	
  for	
  |η|	
  >	
  1.6	
  	
  
•  Good	
  acceptance	
  down	
  to	
  0	
  pT	
  of	
  Upsilon	
  
•  Efficiencies	
  from	
  J/psi	
  Tag	
  and	
  Probe	
  
•  Assume	
  no	
  polariza8on	
  
•  Full	
  polariza8ons	
  change	
  acceptance	
  by	
  up	
  

to	
  20%	
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Signal	
  Extrac8on	
  
•  Per-­‐event	
  weights	
  to	
  correct	
  for	
  efficiencies	
  and	
  acceptance	
  
•  Unbinned	
  ML	
  fit	
  
•  PDF:	
  Common	
  Crystal	
  Ball	
  resolu8on	
  for	
  the	
  three	
  peaks	
  with	
  

mass	
  differences	
  fixed	
  to	
  PDG	
  values	
  
•  2nd	
  order	
  polynomial	
  background	
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Upsilon	
  Cross	
  Sec8on	
  Results	
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Syst.	
  Errors:	
  (%)	
  



Comparisons	
  to	
  Theory	
  and	
  Tevatron	
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Cross	
  sec8ons	
  at	
  LHC	
  	
  more	
  than	
  5	
  8mes	
  larger	
  than	
  at	
  Tevatron	
  



Conclusions	
  
•  CMS	
  has	
  recorded	
  ~40/pb	
  of	
  cer8fied	
  data	
  
•  More	
  than	
  1M	
  Psis	
  and	
  ~150K	
  Upsilons	
  
•  Expect	
  more	
  precise	
  quarkonium	
  produc8on	
  cross	
  
sec8on	
  and	
  polariza8on	
  measurements	
  

•  Contribute	
  to	
  understanding	
  of	
  quarkonium	
  hadro-­‐
produc8on	
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