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G.Manca	   Quarkonium	  results	  at	  the	  LHC	   Alice,	  Atlas,	  
CMS,	  LHCb	  

7.06.2011	  
(morning)	  

K.Piotrzkowski	   Exclusive	  measurements	  (di-‐leptons	  and	  
vector	  mesons)	  at	  CMS	  

CMS	   7.06.2011	  
(evening)	  

V.Niess	   Exclusive	  Dimuon	  measurements	  at	  LHCb	   LHCb	   7.06.2011	  
(evening)	  

K.Reeves	   Quarkonium	  producQon	  at	  Atlas	   Atlas	   9.06.2011	  

H.Woehri	   Quarkonia	  producQon	  at	  CMS	   CMS	   9.06.2011	  

C.Hadjidakis	   J/psi	  measurements	  in	  p-‐p	  and	  Pb-‐Pb	  
collisions	  at	  LHC	  with	  ALICE	  

Alice	   9.06.2011	  

…And four posters! �
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CERN and the LHC�
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p p

"NOMINAL (2016): �
"√s =14 TeV �

"pp collider 2010-11: �
➡  @ √s = 7 TeV �
➡  L ≈ 1030 - 1033 cm-2 s-1 �

➡   �
""�



The four LHC Detectors�
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p p 



Rapidity Range�
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Luminosity �
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➡  LHC running well, all experiments 
have an efficiency ≈90%�

➡  2010+2011: pp≈200-500 pb-1  �
➡  These analyses : �
" L ≈ 0.1 - 40 pb-1 (pp) �



Why Quarkonium Physics ?�
➡  The production mechanism in pp collisions still unclear�
➡  Several models around : �

  Color singlet(CS) and color octet(CO) mechanisms (NRQCD) describe the pT 
spectrum and cross section of the J/ψ as measured by Tevatron, but not the 
polarization �

  Other models such as color evaporation model (CEM), kt factorization, soft 
color interaction model cannot describe the data either�

➡  New data from LHC experiments will help to resolve this issue�
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ProducQon	  cross	  secQon	  crucial	  milestone	  in	  understanding	  detector	  and	  first	  step	  to	  more	  
sophisQcated	  measurements	  



Dimuon Spectrum�
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J/ψ Production �
ψ	   J �
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J/ψ Production �
ψ	   J �



tz=Δz/pz *MJ/ψ 
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J/ψ Production in pp �
ψ	   J �

1st step 2nd step 3rd step Production type 

Prompt,direct �
Prompt,indirect �
Delayed,indirect �

€ 

cc →J /ψ + X
pp →cc ,bb + X cc →ψ',χc + X ψ',χc →J /ψ + X

bb →B + X B →J /ψ + X

-7   -6    -5    -4    -3    -2    -1    0   1     2      3     4     5     6      7  
                                             y of J/ψ   

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

CMS 

ATLAS 

LHCb 

ALICE 

J/ψ→µµ acceptance  

LHCb 
Preliminary�
L=5.2 pb-1 �

tz used to separate J/ψ prompt 
from J/ψ from B  �

BR(J/ψ→µµ)≈6%  



J/ψ→µµ mass distribution �
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σ=70 MeV/c2 

ALICE 

σ=94 MeV/c2 

(half  in ee channel) 

L=13.3 nb-1 �

σ=21 MeV/c2 

Up to 50 MeV/c2  
for 1.4<|y|<2.4 

CMS 

σ~13 MeV/c2 
ATLAS 

2.0<y<4.5,	  	  

pT<14	  GeV/c	  

N	  =	  	  564603 ± 924	  

σ	  =	  13.0	  MeV/c2	  

mass=3095.3±0.1	  MeV/c2	  

LHCb 
Preliminary�
L=5.2 pb-1 �

N 
J/
ψ
 c

an
di

da
te

s/
5 

M
eV

/c
2�

LHCb NEW! �

NEW! �

 σ~46 MeV/c2 

Up to 110 MeV/c2 
in higher  

rapidity bins 

Ν=6710±90 

Ν=172300 ± 500 
M=3097.5 ± 0.1 MeV/c2 



• √s=7 TeV �
• √s=2.76 TeV �

Inclusive J/ψ cross section results�
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NEW! �

σJ/ψ (2.5<y<4)= 6.31±0.25(stat)±0.80(syst)+0.95(λCS=1)-1.96(λCS=-1) µb 

NEW! �

ALICE: 
σJ/ψ (|y|<0.9)= 10.7±1.2(stat)±1.7(syst)+1.6(λHE=1)-2.3(λHE=-1) µb 

ATLAS: �

ALICE Coll,arXiv:1105.0380, 
 ATLAS Coll, arXiv:1104.3038,  
 CMS Coll, arXiv:1011.4193, 
 LHCb Coll, arXiv:1103.0423 

2.5<y<4.0 



Inclusive J/ψ cross section results�

07.06.2011 � G.Manca, Physics@LHC, Perugia (IT)� 15 �

NEW! �

σJ/ψ (2.5<y<4)= 6.31±0.25(stat)±0.80(syst)+0.95(λCS=1)-1.96(λCS=-1) µb 

ALICE: 
σJ/ψ (|y|<0.9)= 10.7±1.2(stat)±1.7(syst)+1.6(λHE=1)-2.3(λHE=-1) µb 

ATLAS: �

ALICE Coll,arXiv:1105.0380, 
 ATLAS Coll, arXiv:1104.3038,  
 CMS Coll, arXiv:1011.4193, 
 LHCb Coll, arXiv:1103.0423 

2.5<y<4.0 

NEW! �

• √s=7 TeV �
• √s=2.76 TeV �



Prompt J/ψ cross section results�
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NEW! �

Y. Q. Ma, K. Wang and K. T. Chao, 
Phys. Rev. Lett. 106 (2011) 042002. 
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The shape of the pT distributions 
can be reproduced by the function 
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central rapidity 

Cross section �

<pT> shape�
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Courtesy of H.Woehri �



“J/ψ from B” cross section results�
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Prompt Cross section �
L=5.2 pb-1 �

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 

From B Cross section �

L=2.2 pb-1 �
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    1.4 < |y| < 2.4-1CMS      100 nb
    |y| < 1.4-1CMS      100 nb
   2.5 < y < 4.0-1LHCb    14.2 nb
   |y| < 2.25-1ATLAS  17.5 nb

PRD 71 (2005) 032001
 = 1.96 TeV   |y| < 0.6sCDF   

Fraction of J/ψ from B �
➡  ICHEP 2010 : LHC experiments confirm the trend seen 

from CDF�
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➡ Spring 2011 : �

  new data from Atlas show some saturation at high pT �

  LHCb shows decreasing trend at forward rapidity �
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pb-1 �
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J/ψ->µµ : outlook �
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Experiments already have a much larger 
sample of J/ψ, good for the polarisation 

measurements !   �



LHCb : 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 of searches in charmonium+?�
J/ψρ0 , J/ψω0 , J/ψφ, Yψ , …   

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

  Test of possible tetraquark production �

  Towards publication.�

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  

(LHCb-CONF-2011-009) 



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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NEW! �



LHCb : ψ(2S) Production �
➡ Exploited in two modes�
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NEW! �



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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NEW! �

Main systematics : polarisation (up to 12%), trigger (18%) & tracking efficiencies (16%)�

* 

σ(inclusive ψ ;0< p ≤12GeV/c,2< y≤4.5)=1.88±0.02±0.31+0.25
−0.48 µb 

σ(inclusive ψ ;3< p ≤16GeV /c,2< y≤4.5)=0.62±0.04±0.12+0.07
−0.14 µb 

*Y.-Q. Ma et al. PRL 106 042002 
(2011) private communication. 



χc first appearance	
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σ=18 MeV/c2 �

χc1 
χc2 

σ=11 MeV/c2 �

•  σ(χc2)/σ(χc1) disagrees 
"with NLO NRQCD (!)�

•  Next step: �
"σ(χc1->J/ψγ)/σ(J/ψ)  �

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

  Analysis performed �
with photons �
reconstructed in the �
ECAL (LHCb) or via �
conversions in the �
tracker (CMS)  	


LHCb-CONF-2011-020 



Upsilon family�
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LHCb �

➡ Three states decay into µµ	




Upsilon family�
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➡ Three states decay into µµ	


➡ Cross section in pt-y bins	




Upsilon family�
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LHCb �
Y. Q. Ma, K. Wang and 
K. T. Chao, Phys. Rev. 
Lett. 106 (2011) 042002. 

➡ Three states decay into µµ	


➡ Cross section in pt-y bins	


CMS: arXiv:1012.5545 
LHCb: LHCb-CONF-2011-016 



Upsilon family�
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Y. Q. Ma, K. Wang and 
K. T. Chao, Phys. Rev. 
Lett. 106 (2011) 042002. 

Measurement of 2s and 3s on the way for LHCb, �
1S for Atlas. Wish list : Y(3S) polarisation… �

➡ Three states decay into µµ	


➡ Cross section in pt-y bins	


CMS: arXiv:1012.5545 
LHCb: LHCb-CONF-2011-016 



Upsilon family: outlook �
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LHCb �

CMS�

Y. Q. Ma, K. Wang and 
K. T. Chao, Phys. Rev. 
Lett. 106 (2011) 042002. 

Measurement of 2s and 3s on the way for LHCb, �
1S for Atlas (and update from CMS). Wish list : Y(3S) polarisation… �



X(3872) �
➡  First observation of X(3872) at LHC !! �
➡  Its decay channel into J/ψ ππ �
➡  Measured mass (LHCb) and cross section 

relative to ψ(2S) (CMS):�
  R = 0.087 ± 0.017 (stat) ± 0.009 (syst)�

➡  With 2012 data will be able to study the 
properties�
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CMS Preliminary L dt = 40 pb-1!
s = 7 TeV

NX(3872) = 548 ± 104 (stat.) !
N!(2S) = 7346 ± 155(stat.)!

3871.96 ± 0.46 ± 0.10 

3871.61 ± 0.16 ± 0.19 

CMS�

LHCb �



Results and Prospects �
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Belle Collaboration, arXiv:1105.4583 �

➡ Quarkonium physics flowering with new interesting 
results and investigating a completely new area! �
➡ All four experiments extremely active and 

productive �
➡ Statistics of 2011 will start to be enough�

   to strenghten production �
"measurements �

   to explore XYZ spectroscopy�
➡ New physics could be just �
"round the corner! �



Back-up �
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                                             y of J/ψ   

J/ψ->µµ Acceptance�
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Total Acceptance≈13% 
LHCb Acceptance 85%  

LHCb 

CMS 

ATLAS 

CMS 

ATLAS 

LHCb 

ALICE 

Total Acceptance≈2-8% 
ATLAS Acceptance 80%  

Total Acceptance≈20% 
CMS Acceptance 85%  



J/ψ→µµ mass distribution �
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σ=70 MeV/c2 

ALICE 

σ=94 MeV/c2 

(half  in ee channel) 

L=13.3 nb-1 �

σ=21 MeV/c2 

Up to 50 MeV/c2  
for 1.4<|y|<2.4 

CMS 

LHCb 

σ~13 MeV/c2 

ATLAS 

NEW! �

NEW! �

L=5.2 pb-1 �



Prompt J/ψ cross section results�
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NEW! �



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)�



LHCb : Integrated Cross-section Results�
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€ 

σ(prompt − J /ψ, pT <14GeV /c,2.0 < y < 4.5) =10.52 ± 0.04 ±1.40−2.20
+1.64µb

€ 

σ(J /ψ − from − b, pT <14GeV /c,2.0 < y < 4.5) =1.14 ± 0.01± 0.16µb

€ 

σ(pp →bb X) = α4π
σ(J /ψ − from − b, pT <14GeV /c,2.0 < y < 4.5)

2Br(b →J /ψX)

Using the LHCb acceptance from Pythia, we extrapolated : �

In good agreement with: �
    measured in B->D0µνX at LHCb �

€ 

σ(pp →bb X) = 288 ± 4 ± 48µb

€ 

σ(pp →bb X) = 284 ± 20 ± 49µb

α4π FONLL=5.21	

Br(b->J/ψX)=(1.2±0.1)% 



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 : Integrated Cross-section Results�Systematics on J/ψ cross section measurement �

Source of systematic uncertainties considered: 
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o  CMS :Main systematic 
uncertainties: 

•  Resolution model (0.8 up 
to 30% for the lowest pT 
bin in the endcap) 

•  Primary vertex (0.3 up to 
60% for the lowest pT bin 
in the endcap) 
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Source of systematic 
uncertainty 

J/ψµ+µ- J/ψe+e- 

signal extraction 6 % 8.5 % 

Acceptance inputs 2.5% 1 % 

Trigger efficiency 4% - 

Reconstruction efficiency 4% 11 % 

Trigger enhancement 3% - 

Luminosity 8% 8 % 

Total systematic 
uncertainty 

12.1 % 16.1% 

Polarization λ=-1  λ=+1   λ=-1  λ=+1   

Collins-Soper +32  -16 %  +19  -13 % 

Helicity +24  -12 %  +21  -15 % 

J/ψ @2.76 TeV: systematic uncertainties 

Total systematic uncertainties similar to the ones at 7 TeV 



Systematic studies: “acceptance” 

Acceptance map MC statistics:  
Obtained from dedicated MC simulation. Statistical uncertainties on maps bin-to-bin  
propagated through to final result (contribution at level of 1-2%) 

Bin migration effects 
Bin migration effects were studied, corrections applied (0.1—3%) and variation of bin 
migration within bin considered as systematic on correction 

ID track reconstruction 
ID track reco efficiency correction 99.5% per muon track with 0.5% uncertainty per 
track added linearly 

Kinematic dependence 
Variation of MC spectra to make acceptance maps, and correction for slight 
differences in non-prompt/prompt acceptance assigned as systematic (max 1.5%) 

Final state radiation 
Central result is corrected back to J/ψ kinematics rather than final state muon 
kinematics, systematic due to FSR is <0.1% (NB: taking effect of FSR on/off is 
overestimate) 

Atlas jpsi : Systematic studies: “acceptance” 



Systematic studies: other components 

Spin alignment  
Spin-alignment uncertainty is maximum envelope of cross-section re-casted under 
different spin-alignment hypothesis 

Luminosity 
Quoted 3.4% uncertainty from Van der Meer scans 

Muon reconstruction efficiency 
Uncertainties on J/ψ reco. efficiency maps from data and uncertainties on MC/data 
scale factors propagated through to final result (5—10%) 

Fit uncertainty 
Derived via pseudo-experiments – approx. 1—3% contribution 

Trigger efficiency 
Similarly, uncertainties from data maps propagated through to final result (~5% effect) 

J/ψ vertex finding and primary vertex efficiencies 
Both these efficiencies retain more than 99.9% signal, no uncertainty assigned 

Atlas jpsi : Systematic studies: “other components” 
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LHCb : Upsilon Cross Section �

€ 

108.3 ±  0.7(stat) -7.9
+18.8(pola) ± 22.0(osys) ±10.8(lumi) nb =108.3 ± 0.7(stat) -25.8

+30.9 (syst) nb
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LHCb :  ϒ(1S) Systematic Uncertainties�

47�



CMS: ϒ(1S) Systematic Uncertainties�

07.06.2011 � G.Manca, Physics@LHC, Perugia (IT)� 48 �



Double J/ψ production �

04.04.2011 � G.Manca, CPPM Seminar� 49 �

J. Badier et al. (NA3 Collaboration),  
Phys. Lett. 114B (1982) 457. , Phys. Lett. 158B (1985) 85. 



J/ψ J/ψ Invariant Mass �
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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  



Efficiency corrected pT-asymmetry �
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Efficiency corrected pT
J/ψ from  2×J/ψ �
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J/ψ polarization:  cosθ*�
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α*=-0.96 ±0.21 ? χ2/nDoF=10.5/3 



Pileup: J/ψJ/ψ versus J/ψ+J/ψ �

➡ How to prove that it is NOT pileup?�

 Monte Carlo �

  Look for data: �
 Distance between J/ψ vertices �
 Track in PV:       ×2 larger for pileup �
 PV-multiplicity:   -1 for pileup �
 Wide range χ2

DTF/nDoF scan �
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J/ψJ/ψ distance�
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J/ψJ/ψ distance�

➡  σ|δz| = 470 ± 62 µm 
➡  All signal is collected from 1.5/2mm�
➡ Monte Carlo: �

   take events with J/y+J/y in inclusive J/y sample�
 Different pp-collisions! �

   signal window �
   correct for cross-section �
   [CONSERVATIVELY]: ~9.4 events in 2mm�
   apply trigger & reconstruction efficiency�

 <1.5 events �
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-7   -6    -5    -4    -3    -2    -1    0   1     2      3     4     5     6      7  
                                             y of J/ψ   

J/ψ→µµ Acceptance�
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LHCb 

CMS 

ATLA
S 

CMS 

ATLAS 

LHCb 

ALICE 

Total Acceptance≈2-8% 
ATLAS Acceptance 80%  

Total Acceptance≈20% 
CMS 85%  

Total 
Acceptance≈13% 
LHCb Acceptance 
85%  

x�

z�



Exclusive Production �
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➡ J/ψ,χc,γγ produced with nothing else�



Exclusive Production �
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➡ J/ψ,χc,γγ produced with nothing else�

"After cleaning up the sample…�



Exclusive Production �
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➡ J/ψ,χc,γγ produced with nothing else�

" "After cleaning up the sample…�

Cross section measurements : �

•  σ(J/ψ→µ+µ−)(2<ηµ+,ηµ− <4.5)=474±12±51±92pb 
•  σ(ψ(2S)→µ+µ−)(2<ηµ+,ηµ− <4.5)=12.2±1.8±1.3±2.4pb  
•  σ(χc0→J/ψγ→µ+µ−γ)(2 < ηµ+,ηµ−,ηγ < 4.5) = 9.3 ± 2.2 ± 3.5 ± 1.8 pb 
•  σ(χc1→J/ψγ→µ+µ−γ)(2 < ηµ+,ηµ−,ηγ < 4.5) = 16.4 ± 5.3 ± 5.8 ± 3.2 pb 
•  σ(χc2→J/ψγ→µ+µ−γ)(2 < ηµ+,ηµ−,ηγ < 4.5) = 28.0 ± 5.4 ± 9.7 ± 5.4 pb 
•  σ(pp→pµ+µ−p)(2<ηµ+,ηµ− <4.5;Mµ+µ− >2.5GeV/c2)=67±10±7±15 pb 

CMS: see dedicated talk K.Piotrzkowski this afternoon �

LHCb �
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CMS Uncertainty on X /psi2s xsec 
ratio �
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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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J/ψ→ee mass distribution �
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ALICE LHCb 

L=4 pb-1 �

67�

σ=49 MeV/c2 
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LHCb 

ALICE 



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. 

J.-P. Lansberg, Eur. 
Phys. J. C 61 (2009) 
693 

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



a) Number of ϒ(1S) candidates�
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•  Nfit : function=3 Crystal Balls(CB)+exponential for background. 
Fixed (α=2,n=1) and width (2S,3S) to scale with the masses. �

69 �

Same 
function �
used on 
individu

al�
bin fits �



Inclusive cross section measurements�
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LHCb 

CMS 

ATLAS 

ALICE 

2.5<y<4 



Cross section measurements�
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J/ψ proper time/decay lenght �
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LHCb 

CMS 

ATLAS 

tz=Δz/pz *MJ/ψ 

➡ tz used to separate J/ψ prompt 
from J/ψ from B 



Influence of J/ψ Polarisation �
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  Detector acceptance as a function of helicity angle cosθ	


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; present results in three 
different polarisation scenarios�

J/ψ rest frame�

73 �

Both mu <300 mrad 



Different polarisation scenarios�
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LHCb 

ATLAS 

CMS CMS 

Up to 20% 



2010 Ion Run Predictions 

The	  Injectors	  ready	  
•  The	  Pb82+	  beam	  was	  injected	  into	  the	  LHC	  (first	  beam	  a=er	  the	  2008	  

incident)	  

The	  basic	  machine	  parameters	  are	  similar	  	  
o  But	  the	  collimaDon	  system	  needed	  some	  seEng	  up	  
o  The	  behavior	  of	  the	  beam	  instrumentaDon–	  the	  low	  intensiDes	  make	  life	  

difficult	  	  	  

It	  will	  not	  look	  as	  impressive	  as	  protons	  as	  far	  as	  absolute	  performance	  is	  
concerned:	  
o  Peak	  Luminosity	  ~10+25	  cm-‐2	  s-‐1	  (c.f.	  2x10+32	  for	  protons)	  
o  Integrated	  Luminosity	  ~3-‐10	  µb-‐1 	  (c.f.	  50,000,000	  µb-‐1	  for	  protons)	  
o  But	  each	  collision	  will	  look	  preUy	  impressive!	  
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The LHCb detector�

pp collision 
Point �

Vertex 
Locator 
VELO�

Tracking System�

Muon �
System�

RICH 
Detectors�

Calorimeters�

p � p �
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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�
–  Trigger: dominantly software�

    Angular 
acceptance : �

10<θ<300 mrad�

possibility to 
reverse field 
polarity to 
check for 
detector 

asymmetries �

η=2.5 �

η=7 �



P of muon (MeV/c)�

Muon Reconstruction Efficiency�

 ε(µ) = 97.3 ± 1.2 % �

Tracking 
system�

Muon 
system�

J/ψ→µµ 
µ 
probe�

µ tag� J/ψ used to 
measure the �

Muon 
reconstruction 

efficiency�
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Muon mis-identification �

  π μ misID �

LHCb 2010 �
preliminary�

LHCb 2010 �
preliminary�

π→µ �
dominated by�
decays in flight �

p→µ �
dominated by�
combinatorics�
in muon stations�

This plots shows the probability to misidentify a pion from Ks and 
a proton from Lambda as a muon as a function of momentum.�
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Primary Vertex resolution �
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