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LHC and LHCb �
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2010-2011 : √s =7 TeV�
#L = 1-2·1032 cm-2 s-1 �

�
2014 : (NOMINAL) : �
#√s =14 TeV�
#L ≈ 4·1032 cm-2 s-1 (LHCb specific)  �

#pp collider : NOW (2012) : �
➡  @ √s = 8 TeV�
➡  L ≈ 4·1032 cm-2 s-1 �

##�



Peak Luminosity�
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Integrated Luminosity�
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➡  LHC running very 
well! �

➡  LHCb efficiency ≈90%�
➡ Collected more than 1 

fb-1 in 2010-11 �
➡ Goal :  �

  1.5 fb-1  (end of 2012) �
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Luminosity @ LHCb �
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THE LHCb DETECTOR�



Rapidity Range�
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The LHCb detector�

pp collision 
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Vertex 
Locator 
VELO�

Tracking System�

Muon �
System�
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    Angular 
acceptance : �

10<θ<300 mrad�

possibility 
to reverse 

field 
polarity to 
check for 
detector 

asymmetries�

η=1.5 �

η=7 �

Trigger  : three levels, dominantly software�



10.05.2012 � G.Manca, After Meeting � 11 �

max 

max 

Muon  Lines 

L0   Single- µ:   pT> 1.4 GeV/c 
µµ: pT1>0.48 GeV/c 
       pT2>0.56 GeV/c 

HLT1  single-µ: pT>1.8 GeV/c, 
 di-µ: Mµµ>2.5 GeV/c2  

HLT2 Several dimuon lines with pT 
or Mµµ cuts 

+ Global Event Cuts for events with high multiplicity 2 (4.5) kHz in 2011(12) 

L0 

HLT1 

HLT2 

•  Half of the bandwidth given to the muon lines 
•  pT cuts on muon  lines  kept very low 
•  Trigger rather stable during the whole period 

LHCb Trigger�
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•  Performance numbers relevant to quarkonium analyses: �
–  Charged tracks Δp/p = 0.35 % - 0.55%, σ(m)=10-25 MeV/c2 �

–  ECAL σ(E)/E= 10% (E/GeV)-1/2 ⊕ 1 % �
–  Muon ID: ε(µ→µ) = 97%, mis-ID rate (π→µ) = 1-3 % �
–  Vertexing: proper time resolution 30-50 fs�

    Angular 
acceptance : �

10<θ<300 mrad�
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detector 
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The LHCb Upgrade�
➡ LHC will stop in 2013 to restart in 2018 with 

“upgraded” detector�
➡ Running conditions in 2018: �

  √s = 14 TeV , 40 MHz output, L=1∙1033 cm-2 s-1 �

➡   Minimal upgrade of those detectors not 
designed for these conditions: �
  New Trigger -> especially Hadronic will be revisited�
  New tracker (in place of IT)�
  New Velo (exploring if same or different technology)�

➡ GOAL: 50 fb-1 in 10 yrs �
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Quarkonium in the upgrade era�
➡ Rich quarkonium program! �

  Expected ≈ 300-500k double J/ψ and many 
more double quarkonium modes should open up �
 Definite proof of Double Parton Scattering ?  �

  Able to see signals in pp mode (e.g. ηb) with 
improved hadronic triggers, maybe also Y(4S) ?�

  Increase in luminosity allows to explore exotic 
(and not) spectroscopy �

  Any interesting idea is welcome! �
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Dimuon Resonances�
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What we have done so far �

10.05.2012 � G.Manca, After Meeting � 17 �

What we plan to do by ≈2013 in pp �

What we plan to do …AFTER ;)�

What we plan to do with pPb �



J/ψ→µµ cross-section �
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➡  L=5 pb-1 : plenty! �
➡ Good agreement with theory 

and other experiments�
➡ Main systematic: polarisation �

J/ψ→µµ cross-section �

To do: measure polarisation and 
update cross-section �

Eur. Phys. J. C 71 (2011) 1645 



J/ψ in the immediate future�
➡ Measure the cross section at 2.76 and 8 

TeV �
➡ Measure the polarisation at 7 TeV �
�
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J/ψ in the intermediate(pPb) future�
➡ Measure the cross section at 2.76 and 8 

TeV �
➡ Measure the polarisation at 7 TeV �
➡ Measure the cross section with pPb 

data, and other quantities (polarisation ?) �

�
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J/ψ in the long-term future�
➡ Measure the cross section at 2.76 and 8 

TeV �
➡ Measure the polarisation at 7 TeV �
➡ Measure the cross section with pPb 

data, and other quantities (polarisation ?) �
➡ Remeasure cross section and polarisation 

at 14 TeV �
➡ Concentrate on J/y + charmonium, open 

charm, bottomonium…�

�10.05.2012 � G.Manca, After Meeting � 22 �



   Double J/ψ Production �
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J. Badier et al. (NA3 Collaboration),  
Phys. Lett. 114B (1982) 457. , Phys. Lett. 158B 
(1985) 85. 

➡  First analysis of charmonium +?�
J/ψρ0 , J/ψω0 , J/ψφ, Yψ , …   

➡  Interesting for : �
  Test of QCD: sensitive to CSM vs. COM 

and Double Parton Scattering (DPS)�
  Possible smoking gun of tetraquark 

observation �

�

2 < y (J/ψ) <4.5 �
pT (J/ψ) < 10 GeV/c�

N (J/ψJ/ψ) = 
136.7 ± 17.5  

First observation at hadron colliders ! �

σ  =     14.6 ± 2.1 MeV/c2 

m = 3094.9 ± 2.4 MeV/c2 

Theory (direct only)* : �
	

σJ/ψJ/ψ (2<yJ/ψ<4.5)=4.34 - 4.15 nb, 

 

* A.V.Berezhnouy et al., arXiv:1101.5881  

Phys. Lett. B 707 (2012) 52–59 



 Double Charm�
➡ J/ψC & CCbar measured @ LHCb 

in channels : 4 J/ψC, 6 CC, 7 CC �
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Double Charm�
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J/ψD0 D0D0 ➡  J/ψC & CCbar measured @ 
LHCb in channels : 4 J/ψC, 6 
CC, 7 CC �



Double Charm�
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J/ψD0 D0D0 

yield�

_ 
➡ J/ψC & CCbar measured 

@ LHCb in channels : 4 
J/ψC, 6 CC, 7 CC �



Double Charm�
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J/ψD0 D0D0 J/ψC & CCbar measured @ LHCb in 
channels : 4 J/ψC, 6 CC, 7 CC �

yield�

σeff from 
Tevatron 

_ 

_ 

_	
  _	
  

_	
   _	
  

DPS seems 
necessary 
to explain 
the cross 
section �



Double Charm�
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J/ψD0 D0D0 J/ψC & CCbar measured @ LHCb in 
channels : 4 J/ψC, 6 CC, 7 CC �

yield�

σeff from 
Tevatron 

_ 

_ 

_	
  _	
  

_	
   _	
  

 ●  J/ψD0 

 ■  J/ψD+ 

▲ J/ψDs 
▼ J/ψΛc    
 ○ gg→J/ψ	



…many more channels to explore!! �



Double Charm & others…�
➡ We should be able to measure the double 

J/psi differential cross section with 2011 
and 2012 data.�
➡ Same for J/psi+open charm or double 

open charm �
➡ End of run/Upgrade: �

 More double modes feasible with more 
luminosity and better trigger and higher 
cross sections: J/psi+psi2s, J/psi Upsilon, 
UpsilonUpsilon…�
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LHCb : ψ(2S) Production �
➡ Exploited in two modes�

  ψ(2S) → µ+µ-[BR=7.7±0.8×10-3] �
  ψ(2S) → J/ψ(µ+µ-) π+π-[BR=19.9±0.3×10-3] �
Cross section in bins 0<pT<12 GeV/c, 2<y<4.5 �
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* 

arxiv : 1204.1258 

To do: measure polarisation and update cross-section �

Combining the two:  �

ψ(2S)/J/ψ �
cross-
section �
ratios �



➡  Decays in J/ψ+γ-
>low pT: challenge!! �

➡  Analyses use 
photons 
reconstructed in the 
calo or converted 
(tracker)	



Production of χc	
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σ(χc1)/σ(J/ψ) 	


first 

measurement �

 σ(χc2)/σ(χc1) 
disagrees NLO 

NRQCD (!)�

arXiv:1202.1080 

arXiv:1204.1462 

σ=18 MeV/c2 �

χc1 χc2 



χc Physics �

➡ Publish chic with conversion with full 
dataset �
➡ Use all data to distinguish among 

different spin states ? �
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➡ Three states decaying into µµ	


➡ Cross sections in pt-y bins	



CMS: Phys.Rev.D83:112004,2011 
LHCb: arXiv:1202.6579 
ATLAS:Phys.Lett.B705:9-27,2011 
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Y. Q. Ma, K. Wang and 
K. T. Chao, Phys. Rev. 
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Upsilon : the immediate future�
➡ Update the cross section measurements 

with 2011 dataset and remeasure @ 8 TeV �
➡ Measure the polarisation for all three 

states and update the cross sections �
➡ Double upsilon production, exotic states, 

more exotic states…�
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Upsilon : the long-term future�
➡ Update the cross section measurements 

with 2011 dataset and remeasure @ 8 TeV �
➡ Measure the polarisation for all three 

states and update the cross sections �
➡ Double upsilon production, exotic states, 

more exotic states…�
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  χb Physics�
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ATLAS discovered χb(3P) in Y(1S) gamma �
Mass = �

➡  LHCb observed b states in 2010 data (37 
pb-1) with γ in the calo.  Measurement of 
χb ratios on the way! �

ATLAS� arXiv:1112.5154 

➡  Finer resolution possible if using 
converted photons (end of the run)�

➡  Confirm the observation and measure 
masses, cross sections…�
➡ Measure the ratio of ϒ from χb , to be 
fed into the cross section predictions �
➡  Rare decays �



]2X(3872) mass [MeV/c
3867 3868 3869 3870 3871 3872 3873 3874

CDF

+BaBar B

0BaBar B

D0

Belle (arXiv:1107.0163)

LHCb (arXiv:1112.5310)

 0.18±New average 3871.66 

)*)+M(D0M(D

]2X(3872) mass [MeV/c
3867 3868 3869 3870 3871 3872 3873 3874

X(3872) �
➡  First observation of X->J/ψ ππ  at LHC !! �
➡  Measured mass and cross section �
�

10.05.2012 � G.Manca, After Meeting � 39 �

arXiv:1112.5310 



X(3872) : the future�

➡ Precision measurement of the mass, 
cross sections �
➡ Measurement of the quantum numbers �
➡ Studies of from B decays�
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Exotic and “Rare” Spectroscopy �
➡ Search for not observed yet states�

  Expected : ηc , ηb in hadronic channels �

  Need confirmation : Z(4430) , Zb(10880)�
  Never observed before : 3D2 , ? �
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      p-Pb collisions : setup �
➡  two configurations for proton-nucleus collisions: pA ≠ Ap �

➡  For pPb collisions (A=208), occupancies increased by A1/3≈6 �
%-> single interactions should be OK at LHCb.�

➡ Pile up does not seem to be a problem�
�
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From M.Schmelling �



      p-Pb collisions : Physics?�
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From M.Schmelling �

Important benchmark for pp & pA studies – about 20k 
events expected, 30x more with dedicated trigger�



pPb run : Concerns�
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From M.Schmelling �



pPb Summary �
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From M.Schmelling �

Strong support from the collaboration for running in pPb; �
However, experiment was not designed with this in mind, 
potential damage and limited resources to be kept in mind �



Conclusions and Outlook �
➡ LHCb produced very many interesting 

results in Quarkonium physics, many more 
in the pipeline! �
➡ Very rich program to explore in medium 

(~2fb-1) and long (~50 fb-1) term �
➡ Ready to take data with p-Pb 

interactions, J/psi and Upsilon natural 
candidates �
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Back up �
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J/ψ→µµ mass distribution �
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2.0<y<4.5,	
  	
  

pT<14	
  GeV/c	
  

N	
  =	
  	
  564603 ± 924	
  

σ	
  =	
  13.0	
  MeV/c2	
  

mass=3095.3±0.1	
  MeV/c2	
  

Fit performed using a Crystal Ball 
function (signal) + exponential for the 
background, in each pt-y bin �

L=5.2 pb-1 �



J/ψ Efficiency�
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➡ Total efficiency, includes geometric acceptance, 
trigger and reconstruction and identification �



Prompt cross section measurement �
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Comparison with theory�
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Y. Q. Ma, K. Wang and K. T. Chao, Phys. Rev. Lett. 106 (2011) 042002. 

P. Artoisenet, PoS ICHEP 2010 (2010) 192. 
M. Butenschön and B. A. Kniehl, Phys. Rev. Lett. 106 (2011) 022301. J.-P. Lansberg, Eur. Phys. J. C 61 (2009) 693 

A. D. Frawley, T. Ullrich 
and R. Vogt, Phys. Rep. 
462 (2008) 125. 



J/ψ pseudo-proper time�
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tz=Δz/pz *MJ/ψ 

➡ tz used to 
separate J/ψ 
prompt from  

 J/ψ from B In this bin: �
%tz resolution = 53 fs �
%�

3<pT<4 GeV/c, 2.5<y<3.0 

signal 



J/ψ from B cross-section �
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M. Cacciari, M. Greco and P. Nason, J. High Energy Phys. 9805 (1998) 007,  
M. Cacciari, S. Frixione and P. Nason,J. High Energy Phys. 0103 (2001) 006 

(1)�



Fraction from B �
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2.5<y<4.0 

J/ψ : comparison with other experiments�
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Fraction of J/ψ from B �
➡ Spring 2011 : �

  new data from Atlas show some saturation at high pT �

  LHCb shows decreasing trend at forward rapidity �
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ϒ : pT shape vs. rapidity 
Also in the case of the Y(1S) we see that  
β is essentially independent of rapidity 
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ϒ : rapidity and 2S, 3S data 
Good compatibility between LHCb and CMS 
for the dσ/dy 1S production cross section 
 
Heavier 2S and 3S states have flatter dσ/dpT 



Integrated J/ψ->µµ cross section 
measurements�
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Experiment	
  
Range	
  

Luminosity	
  

LHCb	
  (in	
  µb)	
  
pT<15	
  GeV,	
  	
  
2.0<y<4.5	
  
5.2	
  pb-­‐1	
  

CMS	
  (in	
  nb)	
  
6.5<pT<30	
  GeV,	
  

|y|<2.4	
  
312	
  nb-­‐1	
  

ATLAS	
  (in	
  nb)	
  	
  
|y|<2.4,	
  pT>7	
  GeV	
  

1.5<|y|<2,	
  pT>1	
  GeV	
  
2.2	
  pb-­‐1	
  

ALICE(in	
  µb)	
  
2.5<y<4.0,	
  

0<pT<12	
  GeV	
  
13.3	
  nb-­‐1	
  

Inclusive	
  J/ψ	

 97.5±1.5±3.4±10.7
(lum)	
  

81.1±1±10+25-­‐20±3	
  
510±70+84-­‐123+919-­‐

134±17	
  

6.31±0.25±0.80+0.95-­‐1.9
6	
  
	
  

Prompt	
  J/ψ	
  	
   10.52	
  ±	
  0.04	
  ±	
  1.40+1.64-­‐2.20	
  	
   70.9	
  ±	
  2.1	
  (stat)	
  ±	
  3.0	
  
(syst)	
  ±	
  7.8	
  (lum.)	
  

59±1±8+9-­‐6±2	
  
450±67+85-­‐114+741-­‐

105±15	
  

	
  J/ψ	
  from Β	
   1.14	
  ±	
  0.01	
  ±	
  0.16	
   26.0	
  ±	
  1.4	
  (stat)	
  ±	
  1.6	
  
(syst)	
  ±	
  2.9	
  (lum.)	
  

23.0±0.6±2.8±0.2±0.8	
  
61±24±19±1±2	
  

Total	
  bb*	
   288	
  ±	
  4	
  ±	
  48	
  

* Extrapolating  to the LHCb acceptance using Pythia 6.4  

Uncertainties  : First stat, second syst, third spin, fourth lum�
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LHCb :  ϒ(1S) Systematic Uncertainties�
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LHCb X Mass Measurement �



LHCb : Chic ratio syst (I) �
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LHCb Chic ratio : syst (II) �
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Fraction from B: Comparison with 
other experiments�
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Integrated Cross-section Results�
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! 

"(prompt # J /$, pT <14GeV /c,2.0 < y < 4.5) =10.52 ± 0.04 ±1.40#2.20
+1.64µb

! 

"(J /# $ from $ b, pT <14GeV /c,2.0 < y < 4.5) =1.14 ± 0.01± 0.16µb

! 

"(pp #bb X) = $4%
"(J /& ' from ' b, pT <14GeV /c,2.0 < y < 4.5)

2Br(b #J /&X)

Using the LHCb acceptance from Pythia, we extrapolated : �
�
�
�
�
�
In good agreement with: �
    measured in B->D0µνX at LHCb �

! 

"(pp #bb X) = 288 ± 4 ± 48µb

! 

"(pp #bb X) = 284 ± 20 ± 49µb

α4π FONLL=5.21	


Br(b->J/ψX)=(1.2±0.1)% 
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LHCb : Integrated Cross-section Results�Systematics on J/ψ cross section measurement �

Source of systematic uncertainties considered: 
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Influence of J/ψ Polarisation �
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  Detector acceptance as a function of helicity angle cosθ	



−µ

+µ �

θ

J/ψ – lab  virtual �
flight direction�

Example: �
helicity frame�

MC with no polarisation:LHCb �

➡  acceptance generates an artificial polarisation �
 large influence of polarisation on measurement �

➡  First step: Treat polarisation as systematic error; here, present results in 
three different polarisation scenarios�

J/ψ rest frame �

69 �

Both mu <300 mrad 



Different polarisation scenarios�
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Fully longitudinally polarised�

unpolarised�

Fully transversly polarised�

70 �

α = −1 ->full longitudinal 
polarisation 
α = +1  -> full transverse 
polarization,  
α = 0 -> no polarisation 

α = (σT −2σL)/(σT +2σL) 
With  σT /L cross sections for 
production of transverse and 
longitudinal polarised 



Motivations �
➡ Many new resonances in �
charmonium+V �

J/ψρ0 , J/ψω0 , J/ψφ, Yψ , …   

➡ Interesting for: �
  Test of QCD: sensitive to �
%CSM vs. COM�
�
�
  Possible hint of tetraquark �
production �
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Type 3 �Type 2 �Type 1 �



Signal �
➡ Number of J/ψ events in bins of mass of 

the other J/ψ �
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-Fit=double CB �
(signal)+ exp �
(background)�
-Significance > 7σ	



N (J/ψJ/ψ) = 136.7 ± 17.5  
σ  =     14.6 ± 2.1 MeV/c2 

m = 3094.9 ± 2.4 MeV/c2 

2 < y (J/ψ) <4.5 �
pT (J/ψ) < 10 GeV/c�



Efficiency�
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|cosθ*| 

 4 < y < 4.5  
         pTJ/ψ < 500 MeV/c 
 5   < pTJ/ψ <  5.5 GeV/c 
9.5 < pTJ/ψ <  10 GeV/c   

➡ Each event : weight w=ε-1 , with ε=εrecxεtrigxacceptance�
➡ Assume factorisation : εJ/ψJ/ψ = εJ/ψxεJ/ψ, ε binned vs. pT, y 

and cosθ*	



Ncorrected (J/ψJ/ψ) = 700 ± 133  



J/ψ J/ψ Invariant Mass �
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