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Introduc9on	
  
•  Official	
  analysis	
  on	
  Arxiv	
  since	
  September	
  28th	
  2015.	
  

(link	
  :	
  hJp://arxiv.org/abs/1509.08258)	
  

•  Presents	
  results	
  vs	
  pT	
  and	
  rapidity	
  for	
  J/Ψ,	
  Ψ(2S),	
  Υ(1S),	
  Υ(2S),	
  
and	
  Υ(3S)	
  in	
  pp	
  at	
  8TeV	
  	
  

•  Non	
  official	
  analysis	
  :	
  
–  Cross-­‐check	
  
–  Learn	
  about	
  analysis	
  tools	
  and	
  methods	
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Introduc9on	
  
•  √s	
  =	
  8	
  TeV	
  in	
  2012	
  
•  Two	
  periods:	
  LHC12h	
  &	
  LHC12i	
  

Min	
  Bias	
  Trigger	
  :	
  V0	
  et	
  T0	
  

Dimuon	
  specific	
  Trigger	
  :	
  MTR	
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Introduc9on	
  
•  Calcula9on	
  of	
  the	
  cross	
  sec9on	
  :	
  

•  NJ/Ψ	
  calculated	
  by	
  fibng	
  an	
  invariant	
  mass	
  spectrum	
  
•  A.ε	
  =	
  Acceptance-­‐Efficiency	
  of	
  the	
  detector,	
  trigger	
  and	
  

analysis	
  
•  Lum=	
  Integrated	
  Luminosity	
  
•  BR	
  =	
  Branching	
  ra9o	
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d 2σ
dpTdy

=
NJ /Ψ

A.ε × Lum×BR×ΔpT ×Δy



•  QA	
  Selec9on	
  :	
  225	
  runs	
  in	
  LHC12h	
  &	
  45	
  runs	
  in	
  LHC12i	
  

•  A	
  frac9on	
  of	
  unlike-­‐sign	
  events	
  are	
  actually	
  detected	
  by	
  like-­‐sign	
  trigger	
  
only	
  	
  
-­‐>	
  use	
  of	
  both	
  unlike	
  (MUL)	
  and	
  like	
  sign	
  (MLL)	
  trigger	
  classes	
  

•  V0	
  dataset	
  :	
  (CMUL7-­‐S||CMLL7-­‐S)	
  
•  T0	
  dataset	
  :	
  (CMUL8-­‐S||CMLL8-­‐S||CMUL7-­‐S||CMLL7-­‐S)&&T0	
  
•  C0MUL	
  dataset	
  :	
  C0MUL-­‐SC	
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Trigger	
  Selec9on	
  

LHC12	
  h	
   LHC12i	
   Total	
  

CMUL8	
  (MTR	
  &	
  T0)	
   111	
  runs	
   28	
  runs	
   139	
  runs	
  

CMUL7(MTR	
  &	
  V0)	
   114	
  runs	
   17	
  runs	
   131	
  runs	
  

C0MUL	
  (MTR)	
   152	
  runs	
   45	
  runs	
   197	
  runs	
  



LUMINOSITY	
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Luminosity	
  
•  Luminosity	
  : 	
   	
   	
   	
   	
   	
  (CINT	
  7,8	
  =	
  V0	
  or	
  T0	
  only)	
  

•  With	
  

•  And	
  

•  Purity	
  =	
  selec9on	
  of	
  beam	
  beam	
  collisions	
  
•  Pile-­‐up	
  correc9on	
  =	
  	
  mul9ple	
  events	
  non	
  detected	
  ≈1	
  

RCMUL =
ScalCMUL7,8

ScalCINT 7,8 ×Purity×Pile−up

Lum =
NCINT 7,8

σCINT 7,8

NCINT 7,8
eq =

NCMUL7,8

RCMUL7,8
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Luminosity	
  

13/10/2015	
   Victor	
  Feuillard	
   7	
  



Luminosity	
  

	
  
	
  
*	
  2	
  runs	
  where	
  the	
  Scalar	
  informa9on	
  is	
  missing	
  

•  Systema9cs	
  :	
  
–  Cross	
  sec9on	
  from	
  vdM	
  scan	
  
–  Luminosity	
  T0	
  vs	
  V0	
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Victor	
  Analysis	
   Values	
  from	
  Note	
  

CMUL8	
   2414.6	
  nb-­‐1	
   2416.2	
  nb-­‐1	
  

CMUL7	
   572.98*	
  nb-­‐1	
   581.34	
  nb-­‐1	
  

C0MUL	
   1267.0*	
  nb-­‐1	
   1277.2	
  nb-­‐1	
  



SIGNAL	
  EXTRACTION	
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•  Pseudo-­‐rapidity	
  of	
  each	
  muon:	
  −4.0	
  <	
  η	
  <	
  −2.5	
  	
  
	
  
•  17.6	
  <	
  Rabs	
  <	
  89.5	
  cm	
  

•  pDCA	
  <	
  6xσpDCA	
  

•  Track	
  of	
  opposite	
  signs	
  

•  Rapidity	
  of	
  dimuon	
  pair	
  :	
  2.5	
  <	
  y	
  <	
  4.0	
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Track	
  and	
  Pair	
  Selec9on	
  



Invariant	
  Mass	
  Spectrum	
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J/Ψ	
  
Ψ(2S)	
  



•  Fit	
  Func9on	
  :	
  Extended	
  Crystall	
  Ball	
  Func9on	
  (CB2)	
  

•  With	
  

•  Tails	
  parameters	
  fixed	
  to	
  MC	
  
•  Other	
  possibility	
  :	
  NA60	
  func9on	
  

f (x;µ;σ ;αL;nL;αR;nR ) = N ×

αR >
x −µ
σ

> −αLexp −
(x −µ)
2σ 2
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Signal	
  Func9on	
  



Background	
  Func9ons	
  
•  Background	
  	
  :	
  Variable	
  Width	
  Gaussian	
  (VWG)	
  

•  Other	
  possibili9es	
  :	
  2nd	
  order	
  polynomial	
  9mes	
  exponen9al	
  

f (x) = N × exp −
x −α( )2

2σ 2

#

$
%
%

&

'
(
(

σ = β +γ
(x −α)
α
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Number	
  of	
  J/Ψ	
  
•  Example	
  of	
  fit	
  :	
  CB2	
  and	
  VWG	
  for	
  C0MUL	
  trigger	
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Number	
  of	
  J/Ψ	
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Number	
  of	
  J/Ψ	
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Systema9cs	
  
•  Signal	
  func9on	
  
•  Background	
  func9on	
  
•  Fibng	
  range	
  
•  Tails	
  parameters	
  

J/Psi	
  systema9cs	
  for	
  C0MUL	
  dataset	
  (from	
  analysis	
  note)	
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ACCEPTANCE	
  EFFICIENCY	
  

13/10/2015	
   Victor	
  Feuillard	
   18	
  



Acceptance-­‐Efficiency	
  
•  Based	
  on	
  Monte-­‐Carlo	
  simula9ons	
  

•  NJ/Ψ
reco

	
  count	
  : 	
  	
  
–  Fit	
  on	
  the	
  simula9on	
  
–  2.5	
  <	
  y	
  <	
  4.0	
  &	
  0	
  <	
  pT	
  <	
  20	
  
–  η,	
  Rabs,	
  pDCA	
  

A.ε = NJ /Ψ
RECONSTRUCTED

NJ /Ψ
SIMULATED
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Acceptance-­‐Efficiency	
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Acceptance-­‐Efficiency	
  
•  Systema9cs	
  :	
  

–  Input	
  pT	
  and	
  y	
  distribu9on	
  

–  Tracking	
  uncertain9es:	
  	
  
•  Efficiency	
  
•  Dead	
  Area	
  

–  Trigger	
  efficiency	
  

–  Matching	
  uncertain9es	
  

•  Systema9cs	
  for	
  A.ε	
  calculated	
  with	
  same	
  procedures	
  as	
  for	
  
7TeV.	
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EFFICIENCY	
  OF	
  THE	
  MIN-­‐BIAS	
  
TRIGGERS	
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Efficiency	
  of	
  the	
  Min-­‐Bias	
  Triggers	
  
•  Efficiency	
  of	
  the	
  V0	
  trigger	
  :	
  	
  

•  Efficiency	
  of	
  the	
  T0	
  trigger	
  :	
  	
  

NJ /Ψ
C0MUL&V 0

NJ /Ψ
C0MUL = εV 0
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NJ /Ψ
C0MUL&T 0

NJ /Ψ
C0MUL = εT 0



Efficiency	
  of	
  the	
  Min-­‐Bias	
  Triggers	
  
•  V0	
  Trigger	
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Efficiency	
  of	
  the	
  Min-­‐Bias	
  Triggers	
  
•  T0	
  Trigger	
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Efficiency	
  of	
  the	
  Min-­‐Bias	
  Triggers	
  
•  For	
  V0,	
  efficiency	
  ≈	
  1,	
  but	
  low	
  Luminosity	
  

•  For	
  T0,	
  high	
  Luminosity,	
  but	
  efficiency	
  func9on	
  of	
  pT	
  and	
  y	
  not	
  
well	
  understood	
  

•  Therefore,	
  use	
  of	
  the	
  C0MUL	
  trigger	
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TRACK	
  SIGN	
  UNCERTAINTIES	
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Track	
  Sign	
  Uncertain9es	
  
•  Unlike	
  signs	
  in	
  MLL	
  
•  C0MLL	
  does	
  not	
  exist	
  

•  We	
  es9mate	
  correc9on	
  thanks	
  to	
  T0	
  et	
  V0	
  :	
  

•  For	
  CMUL8,	
  εMLL	
  =	
  0.9900	
  ±	
  0.0002	
  
For	
  CMUL7,	
  εMLL	
  =	
  0.9887	
  ±	
  0.0004	
  

εMLL =
NJ /Ψ (CMUL7,8)

NJ /Ψ (CMUL7,8 ||CMLL7,8)
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Track	
  Sign	
  Uncertain9es	
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CROSS	
  SECTION	
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Cross	
  Sec9on	
  
•  The	
  cross	
  sec9on	
  of	
  the	
  J/Psi	
  is	
  given	
  by	
  :	
  	
  

•  With	
  BR	
  =	
  0.05961	
  ±	
  0.00033	
  (Par9cle	
  Data	
  Group	
  Booklet)	
  

•  Integrated	
  in	
  pT	
  and	
  y,	
  we	
  have	
  σ	
  =	
  8.59	
  ±	
  0.04	
  μb	
  
In	
  the	
  paper	
  σ	
  =	
  8.63	
  ±	
  0.04(stat)	
  ±	
  0.79(syst)	
  μb	
  

	
  

d 2σ
dpTdy

=
NJ /Ψ

A.ε × Lum×BR×ΔpT ×Δy
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Cross	
  Sec9on	
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Cross	
  Sec9on	
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Conclusion	
  
•  Results	
  in	
  agreement	
  

•  Independent	
  cross-­‐check	
  completed	
  

•  Next	
  :	
  pp	
  √s	
  =	
  13	
  TeV	
  and	
  Pb-­‐Pb	
  at	
  √sNN	
  =	
  5	
  TeV	
  analysis.	
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UPSILON	
  1S	
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Signal	
  Upsilon	
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Cross	
  Sec9on	
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THANK	
  YOU	
  FOR	
  YOUR	
  
ATTENTION!	
  

Ques9ons?	
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Back-­‐up	
  Purity	
  
•  Purity	
  calculated	
  by	
  looking	
  at	
  the	
  9me	
  when	
  the	
  par9cle	
  hits	
  

the	
  detector	
  on	
  the	
  lev	
  	
  and	
  the	
  right	
  
•  8	
  <	
  tV0A	
  +	
  tV0C	
  <	
  22	
  &	
  0	
  <	
  tV0A	
  −	
  tV0C	
  <	
  14	
  ns	
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