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Beauty production 
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• Based on FONLL (fixed order next-to-leading logarithm) approach, 
the production cross-section is predictable             
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Leading Order  

Next-to-Leading Order  

gluon splitting flavour excitation 



 
Beauty production cross-section 
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𝑝𝑝𝑝𝑝 → 𝐻𝐻𝑏𝑏𝑋𝑋 PhysRevLett.11
8.052002 

The measurement of the ratio can largely 
cancel some uncertainties. 



𝐵𝐵± production cross-section in 𝑝𝑝𝑝𝑝 collisions 
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Measured at 7 TeV but no 
result at 13 TeV 

Experiment Luminosity 𝑺𝑺 (TeV) Range Total Cross Section(𝝁𝝁b) 

CMS 48.1 pb-1 13 10 17 ≤ 𝑝𝑝𝑇𝑇 < 100GeV , 
𝑦𝑦 < 1.45 (2.1) 

15.3 ± 0.4 ± 2.1 ± 0.4 

ATLAS 2.4 fb-1 7 0 < 𝑝𝑝𝑇𝑇 < 120GeV, 
𝑦𝑦 < 2.25 

10.6 ± 0.3 ± 0.7 ± 0.2 ± 0.4 

LHCb 362 pb-1 7 0 < 𝑝𝑝𝑇𝑇 < 40GeV, 
2 < 𝑦𝑦 < 4.5 

38.9 ± 0.3 ± 2.8 
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𝐵𝐵+ → 𝐽𝐽/𝜓𝜓𝐾𝐾+ 



LHCb detector 
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Pseudorapidity of LHCb detector 

CCNU 7 2017/12/20 

2.0 < 𝜂𝜂 < 5.0  
 
 
 



 
Cross-section determination 
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- 𝑁𝑁𝐵𝐵+  : number of 𝐵𝐵+signal events in each bin of Δ𝑦𝑦 × Δ𝑝𝑝𝑇𝑇 
- 𝜀𝜀𝑡𝑡𝑡𝑡𝑡𝑡  : total efficiency in each bin of Δ𝑦𝑦 × Δ𝑝𝑝𝑇𝑇  
- ℒ      : integrated luminosity 
- ℬ(𝐵𝐵+ → 𝐽𝐽/𝜓𝜓𝐾𝐾+) : branch fraction,  Bella[3] and BABAR[4]   
- ℬ(𝐽𝐽/𝜓𝜓 → 𝜇𝜇+𝜇𝜇−)  : branch fraction,  2016 version of PDG[5] 
- Δ𝑦𝑦 × Δ𝑝𝑝𝑇𝑇 : bin width for 𝑝𝑝𝑇𝑇𝐵𝐵 and 𝑦𝑦𝐵𝐵 



 
Data sample and selection 
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• 𝐵𝐵+ → 𝐽𝐽/𝜓𝜓𝐾𝐾+ decay 
 

 

 
 

 

• Data sample and Selection 
     - 1.0 fb-1 ,  7 TeV , 2011; 0.3 fb-1 , 13 TeV, 2015 
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Description 𝜇𝜇±  𝐾𝐾+  𝐽𝐽/𝜓𝜓  𝐵𝐵+ 

𝑃𝑃𝑇𝑇 > 0.7 GeV > 0.5 GeV - [ 0, 40 ] GeV 

PID > 0 - - - 

track 𝜒𝜒2/𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 < 3 < 3 - - 

vertex 𝜒𝜒2/𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 - - < 9 < 9 

Mass - - [ 3.04, 3.14 ]  GeV - 

t - - - > 0.3 ps 



 
Extract 𝐵𝐵+ signal 
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• Fit data in each bin of Δ𝑦𝑦 × Δ𝑝𝑝𝑇𝑇  
• Result of 3.5 < 𝑝𝑝𝑇𝑇 < 4.0 𝐺𝐺𝐺𝐺𝐺𝐺, 2.5 < 𝑦𝑦 < 3.0 as an example 
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black  : data points 
blue    : fit results 
red      : signal ( Double-sided Crystal Ball ) 
Green : combinatorial background ( Exponential ) 
brown: Cabibbo suppressed background, 𝐵𝐵+ → 𝐽𝐽/𝜓𝜓𝜋𝜋+ ( Double Crystal Ball) 



 
Efficiency 
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𝜀𝜀𝑡𝑡𝑡𝑡𝑡𝑡 = 𝜀𝜀𝐴𝐴𝐴𝐴𝐴𝐴 × 𝜀𝜀𝑅𝑅𝑅𝑅𝐴𝐴𝑡𝑡&𝑆𝑆𝑅𝑅𝑆𝑆× 𝜀𝜀𝑇𝑇𝑇𝑇𝑇𝑇𝐴𝐴𝑇𝑇× 𝜀𝜀𝑃𝑃𝑃𝑃𝑃𝑃× 𝜀𝜀𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇× 𝜀𝜀𝐺𝐺𝐺𝐺𝐺𝐺  

Efficiency Description Sample 

𝜀𝜀𝐴𝐴𝐴𝐴𝐴𝐴  acceptance Simulation 

𝜀𝜀𝑅𝑅𝑅𝑅𝐴𝐴𝑡𝑡&𝑆𝑆𝑅𝑅𝑆𝑆 reconstruction and selection Simulation 

𝜀𝜀𝑇𝑇𝑇𝑇𝑇𝑇𝐴𝐴𝑇𝑇  tracking Data & Simulation 

𝜀𝜀𝑃𝑃𝑃𝑃𝑃𝑃 particle identity 𝐽𝐽/Ψ data  

𝜀𝜀𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇  trigger Data &Simulation 

𝜀𝜀𝐺𝐺𝐺𝐺𝐺𝐺  global events cut Data & Simulation 

 
 

GEC : require nSPD hits < 900 to reject high-multiplicity events  



 
Acceptance efficiency 
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7 TeV 13TeV 



 
Relative systematic uncertainties 
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Limited knowledge 
of ℬ(𝐵𝐵+ → 𝐽𝐽/𝜓𝜓𝐾𝐾+) 

Efficiency 

Bin size and fit model 

Limited sample size 



 
Double-differential production cross-section 
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Good agreements between data points and  
theoretical predictions 

7 TeV 13 TeV 



 
Single differential production cross-section 
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7 TeV 

13 TeV 13 TeV 

7 TeV 



 
Ratio and total cross-section 
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• Ratio of cross-section, 𝑅𝑅(13 TeV/7 TeV)  
 
 
 
 
 

 
 
 
• Total cross-section (2.0 < 𝑦𝑦 < 4.5) 
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𝜎𝜎 𝑝𝑝𝑝𝑝 → 𝐵𝐵±𝑋𝑋, 𝑠𝑠 =   7 TeV  = 43.0 ± 0.2 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠  ± 2.5 𝑠𝑠𝑦𝑦𝑠𝑠𝑠𝑠  ± 1.7 𝐵𝐵𝐵𝐵  𝜇𝜇𝑏𝑏 
𝜎𝜎 𝑝𝑝𝑝𝑝 → 𝐵𝐵±𝑋𝑋, 𝑠𝑠 = 13 TeV  = 86.6 ± 0.5 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠  ± 5.4 𝑠𝑠𝑦𝑦𝑠𝑠𝑠𝑠  ± 3.4 𝐵𝐵𝐵𝐵  𝜇𝜇𝑏𝑏 

                    𝑅𝑅 13 TeV / 7 TeV  = 2.02 ± 0.02 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ± 0.12(𝑠𝑠𝑦𝑦𝑠𝑠𝑠𝑠) 
 



 
Summary 
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• First precise measurement of the 𝐵𝐵± production cross-section at 13 TeV of 
LHCb. 
 

• Result at 7 TeV is updated with 1.0 fb-1. 

 
• All measured results are in agreement with theoretical calculations based on 

the FONLL approach.  
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𝑃𝑃𝑃𝑃𝑃𝑃 𝑥𝑥;𝑀𝑀,𝜎𝜎, 𝑝𝑝,𝑁𝑁𝑠𝑠𝑇𝑇𝑇𝑇,𝑁𝑁𝑏𝑏𝑇𝑇𝑇𝑇 = 
𝑁𝑁𝑠𝑠𝑇𝑇𝑇𝑇𝑃𝑃𝐺𝐺𝐵𝐵𝑑𝑑𝑠𝑠 𝑥𝑥;𝑀𝑀,𝜎𝜎 + 𝑁𝑁𝑏𝑏𝑇𝑇𝑇𝑇𝑃𝑃𝐺𝐺𝐸𝐸𝑃𝑃

𝑏𝑏𝑇𝑇𝑇𝑇 𝑥𝑥;𝑝𝑝 + (ℬ(𝐵𝐵+→𝐽𝐽/𝜓𝜓𝜋𝜋+)
ℬ(𝐵𝐵+→𝐽𝐽/𝜓𝜓𝐾𝐾+)

)𝑁𝑁𝑠𝑠𝑇𝑇𝑇𝑇
𝜀𝜀𝐽𝐽/𝜓𝜓𝜓𝜓+

𝜀𝜀𝐽𝐽/𝜓𝜓𝐾𝐾+
 𝑃𝑃𝐺𝐺𝐵𝐵𝐺𝐺𝑇𝑇𝑏𝑏𝑇𝑇𝑏𝑏𝑏𝑏𝑡𝑡(𝑥𝑥;𝑀𝑀) 

- double-sided CB function for signal  
- exponential function for combinatorial background  
- a combination of two single-sided CB functions for 𝐵𝐵+ → 𝐽𝐽/𝜓𝜓𝜋𝜋+ 
- ignore other decay modes out of the fit region as 
   𝐵𝐵0 → 𝐽𝐽/𝜓𝜓𝐾𝐾0, 𝐵𝐵𝑠𝑠0 → 𝐽𝐽/𝜓𝜓𝜙𝜙, 𝜆𝜆𝑏𝑏 → 𝐽𝐽/𝜓𝜓𝑝𝑝𝐾𝐾 and 𝜆𝜆𝑏𝑏 → 𝐽𝐽/𝜓𝜓𝑝𝑝𝜋𝜋 
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