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Data Sample 

➢  5.2 pb-1 data to update the ICHEP results

ICHEP Data (14.2 nb-1) Current Analysis (5.2 pb-1)

[0-10] GeV/c, 10 binspT [0-14] GeV/c, 14 bins

y [2.5,4], 1 bin [2,4.5], 5 bins
     

➢ Collected in Sep-Oct 2010 with two trigger settings 

Trigger 1: (2.22±0.17) pb-1

Two different trigger efficiencies will be applied

In total: 5.20±0.52 pb-1

Trigger 2: (2.98±0.30) pb-1, with one muon line prescaled

y =
1

2
ln
E + pz
E − pz

New Results from J/ψ Cross Section Measurement
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Trigger and Selection Criteria

Only J/ψ that have fired the trigger will be considered  

L0 Trigger Single Muon: pT>1.4 GeV/c  

Di-Muon: pT,1>0.56 GeV/c, pT,2>0.48 GeV/c 

Hlt1 Trigger Single Muon: Confirm L0 single Muon and pT>1.8 GeV/c
(Pre-scaled in Trigger 2 by 0.2)

Di-Muon: Confirm L0 Di-Muon and Mµµ>2.5 GeV/c2

Hlt2 Trigger Di-Muon: Mµµ>2.9 GeV/c2

Selection Criteria
Both µ tracks:
    ● Well reconstructed tracks identified
 as muons
    ● pT > 0.7 GeV/c
    ● Track quality (χ2/nDoF < 4)          

Reconstructed J/ψ:
    ● Mass window: ±0.15 GeV/c2

      ● vertex fit quality (p(χ2)>0.5%)

Event: At least one primary vertex (PV) for proper time calculation

32010年12月3日星期五



J/ψ Yields

µ: J/ψ nominal mass
σ: mass resolution
α, n: CB parameters

➢ Summing of fit results from 70 bins
➢ J/ψ: 564603±924 (ICHEP:2872±73)

➢ Mass fit done in 14×5 bins with Crystal 
Ball function + exponential function 

LHCb Preliminary
√s = 7 TeV 
5.2 pb-1 data
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Cross section measurement strategy:

: Integrated luminosity (5.2 pb-1)

: Total efficiency for the channel (acceptance efficiency, 
reconstruction efficiency, trigger efficiency)

: Branching ratio for the channel (Br(J/ψ→µ+µ-)= (5.94±0.06)%

L

B

: Number of observed signal (prompt J/ψ and J/ψ 
from b )N

εtot

∆y : bin size (0.5)

 ∆pT : bin size (1 GeV/c)
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Separation of Prompt and b Components 

dz: ZJ/ψ - ZPV where Z is the vertex position in axis-Z 
pz: J/ψ momentum in z direction
MJ/ψ : nominal J/ψ mass

Prompt J/ψ
J/ψ from b

Tail

LHCb Preliminary
√s = 7 TeV 
5.2 pb-1 data

PV

Prompt J/ψ: centered around 
0, parameterized as resolution 
function

J/ψ from b: parametrized as 
an exponential function 
convoluted with resolution 
function
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Tail Component
➢ Origin of the tail are signal J/ψ associated with wrong primary 
vertex, because:
● The correct primary vertex is not reconstructed
● Another primary vertex is reconstructed close to the correct one 
(the reconstructed and unreconstructed primary vertex are 
correlated, this is included in resolution function)

➢ The shape of the tail distribution is determined directly from data, 
using the next event method: Simulate an uncorrelated primary vertex 
using one of the following events in the J/ψ event list

tz =
(zJ/ψ − znext)×MJ/ψ

pJ/ψz
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Combined Fit Function
➢ Combined fit over mass and tz with per-event error

Sideband: [2.95,3.0]∪[3.2,3.25] GeV/c2
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χ2/nDoF = 0.51Bin: pT in [3,4] GeV/c
y in [2.5,3]

➢ Long lifetime part due to association 
of tracks from b decays

➢ Number of parameters reduced for 
low statistics case

➢ Background parameters are 
fixed once obtained from fit to the 
sidebands tz dsitribution

LHCb Preliminary
√s = 7 TeV 
5.2 pb-1 data

Fbkg(tz) =

[
(1− f1 − f2 − f3 − f4)δ(tz) +

θ(tz)

(
f1

e−tz/τ1

τ1
+ f2

e−tz/τ2

τ2

)
+

θ(−tz)

(
f3

e−tz/τ3

τ3

)
+ f4

e−|tz|/τ4

2τ4

]

⊗
(

β′
√
2πs′1σ

e
− (tz−µ′

0)2

2s′21 σ2 +
1− β′
√
2πs′2σ

e
− (tz−µ′

0)2

2s′22 σ2

)

nJ/ψFJ/ψ(tz)GJ/ψ(m) + nbkgFbkg(tz)Gbkg(m)

82010年12月3日星期五



(ps)zt
-10 -8 -6 -4 -2 0 2 4 6 8 10

Ev
en

ts
 / 

( 0
.2

 p
s 

)

-210

-110

1

10

210

310

410

510 Data
Total
Tail
Background

!Prompt J/
 from b!J/

(ps)zt
-10 -8 -6 -4 -2 0 2 4 6 8 10

Ev
en

ts
 / 

( 0
.2

 p
s 

)

-210

-110

1

10

210

310

410

510

Combined Fit Function
➢ Combined fit over mass and tz with per-event error

Prompt J/ψ: npδ(tz)⊗ Resolution

J/ψ from b: nbe−tz/τ

τ
⊗ Resolution

Tail: with next event method

Bin: pT in [3,4] GeV/c
y in [2.5,3]

np = 22740 ± 180, nb = 3310 ± 66

χ2/nDoF = 0.79

LHCb Preliminary
√s = 7 TeV 
5.2 pb-1 data

Background: from sidebands

nJ/ψFJ/ψ(tz)GJ/ψ(m) + nbkgFbkg(tz)Gbkg(m)

Resolution =
β√

2πs1σ
e
− (tz−µ0)2

2s21σ2 +
1− β√
2πs2σ

e
− (tz−µ0)2

2s22σ2
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Efficiency (1)
➢ Obtained from Monte Carlo inclusive J/ψ sample generated with 
conditions and software as close as possible to the analyzed sample

➢ Efficiencies from prompt and b components assumed to be the same 
for a given pT and y bin (checked)

Not Pre-scaled Pre-scaled

Total Efficiency

LHCb Preliminary
√s = 7 TeV 
5.2 pb-1 data

LHCb Preliminary
√s = 7 TeV 
5.2 pb-1 data

➢ Efficiencies agreed with the one obtained from data
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Systematics

➢ Uncertainties from tracking efficiency, Muon identification and trigger 
will be updated with more data 

➢ Besides, there are complications due to unknown polarization  
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Polarization Effect
➢ Polarization affects a lot the detection efficiencies

➢ In LHCb simulation, J/ψ is not polarized. Different polarization 
scenarios obtained by weighting unpolarized sample

➢ Study performed in helicity frame without azimuthal dependence in 3 
extreme cases

➢ Differences between 3% to 30% depending on bins 

➢ Quote results in the above three scenarios for prompt J/ψ

LHCb Preliminary
√s = 7 TeV 
5.2 pb-1 data

LHCb Preliminary
√s = 7 TeV 
5.2 pb-1 data

LHCb Preliminary
√s = 7 TeV 
5.2 pb-1 data
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Results: Prompt J/ψ (unpolarized Scenario)

➢ Integrated cross section
stat. sys. polar

All the numerical results are in backup slides
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Results: Prompt J/ψ (polarized scenarios)

α=+1 α=-1

Prompt J/ψ polarization will be measured latter with data collected this 
year in bins of pT and y

To be noted:
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Results: J/ψ from b

➢ Integrated cross section

➢ Extrapolation to bb cross section in 4π via Pythia 6.4 with LEP 
branching ratio: Br(b→J/ψ+X) = (1.16±0.1)%

(LHCb published results with b→D0µνX: )
PLB 694 (2010) 209–216

stat. sys.
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● ψ(2S)→J/ψππ: control channel for X(3872)→J/ψππ

Ongoing Onia Studies (1)
➢ ψ(2S): currently two channels under study

● ψ(2S)→µµ: cross sections will be measured for prompt and b 
components in bins of pT and y

ψ(2s)→J/ψππ

ψ(2s)→µµ

Studies given here and below will be performed with full data set 
collected during 2010 (~37pb-1)
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Ongoing Onia Studies (2)

χc→J/ψγ

➢ χc1,2 are important sources of 
prompt J/ψ production:~30% 
feed down contribution

➢ Their production ratios with 
respect to J/ψ will be measured 
in bins of pT
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Ongoing Onia Studies (3)

➢ X(3872)→J/ψππ: 
    ● 433±95 signals observed with 5 pb-1

    ● Properties (mass, cross section, etc) will be measured

➢ ϒ Studies
● Cross section and polarization will be measured with ϒ→µµ in 
bins of pT and y for ϒ(1S),ϒ(2S),ϒ(3S)

X(3872)→J/ψππ ϒ(1S) ϒ(2S)
ϒ(3S)
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Conclusion

➢ New Results with 5.2 pb-1 data for both prompt J/ψ and J/ψ from 
b cross section are given in 14 bins in pT and 5 bins in y

➢ Integrated cross section for prompt J/ψ:  

➢ Integrated cross section for J/ψ from b:  

➢ LHCb has a very rich onia program  

and bb cross section in 4π (extrapolation based on Pythia):
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Results in Tables: Bin y∈ [2,2.5]

Prompt J/ψ
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Results in Tables: Bin y∈ [2.5,3]

Prompt J/ψ
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Results in Tables: Bin y∈ [3,3.5]

Prompt J/ψ
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Results in Tables: Bin y∈ [3.5,4]

Prompt J/ψ
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Results in Tables: Bin y∈ [4,4.5]

Prompt J/ψ
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Results: Mean pT

➢ Obtained by interpolating the measured cross-section with a cubic B-
spline function

➢ J/ψ from b: Mean pT 20% higher than prompt J/ψ
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Ongoing Onia Studies (1)
➢ J/ψ polarization measurement

➢ charmonium→pp: Study simultaneously different charmonium 
states (hc,χc.....) decaying to pp

● Full angular momentum study in bins of pT and y

J/ψ →pp

b component
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Methods for Mass Fit
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Acceptance Efficiency Reconstruction Efficiency

Trigger Efficiency

Pre-scaled

Not Pre-scaled
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