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Introduction  

Knowledge before LHC era 

Experimental results from LHC 

 Production 

 Spectroscopy  

 Mass 

 Lifetime 

 Decays  

Prospects  
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𝐵𝑐 is the only meson (family) in SM formed by two different heavy 
flavour quarks 

Similar to charmonia and bottomonia, a rich spectrum expected 
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Godfrey, PRD70 (2004) 054017 
Below 𝐵𝐷 threshold all 
excited states decay to the 
ground state  

The ground state decays 
only weakly 

 

Due to the great variety of 
decay modes, 𝐵𝑐 has a 
much shorter lifetime than 
other 𝐵 mesons 

BD 
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𝐵𝑐 is produced mainly through gluon-gluon fusion at hadron colliders. 

 Only accessible at high energy hadron colliders with high luminosity 

Production cross-section grows fast wrt 𝑠 

 𝜎LHC/𝜎Tevatron ~ 𝒪(10)  

 𝜎 𝐵𝑐
+ ∼ 0.47 μb @ 𝑠 = 8 TeV 

     ~ 0.9 μb @ 𝑠 = 14 TeV;  

 

A considerable fraction of 𝐵𝑐
+ from higher states 

 ∼ 1/3 from 𝐵𝑐(2𝑆), ∼ 10% from 𝐵𝑐(1𝑃) 
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Predicted cross-section (in nb) 

C-H Chang et al, PRD71 (2005) 074012 4 



Two approaches based on NRQCD factorization  
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Fixed-order approach Fragmentation approach 

Only valid when 𝐵𝑐 produced 
with very high 𝑝T, not relevant 
for current experiments 

Also provides information for 
accompany 𝑏 and 𝑐  

BCVEGPY generator adopts this 
approach, and is used in the LHC 
simulations 

C-H Chang et al, 
Comput.Phys.Commun. 174 (2006) 241   
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𝐵𝑐 first observed by CDF at Tevatron 

    … and was only studied by CDF and D0  

Three decays observed: 𝐽/𝜓𝜋+, 𝐽/𝜓𝑒+𝜈𝑒, 𝐽/𝜓𝜇
+𝜈𝜇 

Mass:     6.277 ± 0.006 GeV 

Lifetime:    0.45 ± 0.04 ps 

Production: 

 

 

No sign of excited state 

 

PDG 2012 

CDF, PRD58(1998)112004 

𝑝T > 6 GeV, |y| < 1  
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Higher energy = Larger cross-section! 

 𝜎LHC/𝜎Tevatron ~ 𝒪(10)  

 

LHC experiments cover complementary kinematic ranges 

 ATLAS, CMS: high 𝑝T, low rapidity 

 LHCb: lower 𝑝T, 2 < 𝜂 < 5 
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LHCb 

ATLAS 
CMS 

Not to mention that 
LHCb is specifically 
designed for b-physics! 
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Run I:   1 fb-1 pp collision @ 𝑠 = 7 TeV 
          + 2 fb-1 pp collision @ 𝑠 = 8 TeV  

2 < η < 5 

Excellent lifetime and 
mass resolution 

Efficient particle identification 
with low mis-ID rate 

8 



𝑠 = 7 TeV: 

 LHCb (0.37 fb-1): 𝑝T > 4 GeV, 2.5 < 𝜂 < 4.5 

    R = (0.68 ± 0.10 ± 0.03 ± 0.05(𝝉𝑩
𝒄
))%  

 CMS (5.1 fb-1): 𝑝T > 15 GeV, |y| < 1.6 

    R = (0.48 ± 0.05 ± 0.03 ± 0.05(𝝉𝑩
𝒄
))% 

A lower R value at higher 𝑝T is expected, since 𝐵𝑐
+ has softer 𝑝T 

distribution than 𝐵+. 

Comparing to CDF result using 𝐵𝑐
+ → 𝐽/𝜓𝑙𝜈: 𝑝T > 6 GeV, |y| < 1  

 

 

 LHCb measured  

 ⇒ R ∼ 0.6% 
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PRL 109 (2012) 232001 

JHEP 01 (2015) 063 

PRD 90 (2014) 032009 
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LHCb recently measured R @ 8 TeV  

 0 < 𝑝T < 20 GeV, 2 < y < 4.5  

 R = (0.683 ± 0.018 ± 0.009)% 

 Consistent with 7 TeV result 

The sufficient statistics allow double differential ratio measurement 

 R as function of 𝑝T, y agree with theory (FONLL for 𝐵, BcVegPy for 𝐵𝑐) 
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Normali
-zation: 

BcVegPy well describe 
the 𝑝T spectrum 

PRL 114 (2015) 132001 
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Theoretically we expect: 𝐵𝑐 21𝑆0 → 𝐵𝑐𝜋𝜋, 
𝐵𝑐 23𝑆1 → 𝐵𝑐

∗𝜋𝜋 → 𝐵𝑐𝛾𝜋𝜋 

ATLAS observe peaking structure in 
𝐵𝑐𝜋

+𝜋− invariant mass, consistent with 
𝐵𝑐(2𝑆) – likely mixture of 21𝑆0 and 23𝑆1 

𝑀 = 6842 ± 4 ± 5 MeV 

No 𝜎(𝐵𝑐 2𝑆 ) or efficiency quoted, difficult 
to draw direct comparison from other expr. 
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PRL 113 (2014) 212004  
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𝐵𝑐
+

PDG 2012: 6277 ± 6 MeV 

LHCb measured the mass in several final states: 

 𝐵𝑐
+ → 𝐽/𝜓𝜋+: (0.37 fb-1 @ 7 TeV) 

     M = 6273.7 ± 1.3 ± 1.6 MeV 

 𝐵𝑐
+ → 𝐽/𝜓𝐷𝑠

+: (3 fb-1 @ 7+8 TeV) 

     M = 6276.28 ± 1.44 ± 0.36 MeV 

 𝐵𝑐
+ → 𝐽/𝜓𝑝𝑝 𝜋+: (3 fb-1 @ 7+8 TeV) 

     M = 6274.0 ± 1.8 ± 0.4 MeV 

LHCb average: 

   6274.7 ± 1.2 MeV 

 Consistent with lattice QCD  

prediction : 6278(4)(8) MeV 
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PRL 109 (2012) 232001  

PRD 87 (2013) 112012 

PRL 113 (2014) 152003 

HPQCD, PRD 86(2012) 094510 
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𝐵𝑐
+

PDG 2012: 0.45 ± 0.04 ps ⇒ systematics in measurement of 𝜎, ℬ …  

LHCb performed two independent lifetime measurements 

𝐵𝑐
+ → 𝐽/𝜓𝜇+𝜈𝜇 

Partial reconstruction, 
measures pseudo-decaytime 
𝑡∗ = (𝑀𝐽/𝜓𝜇  ⋅ 𝐿)/𝑃𝐽/𝜓𝜇 

  𝜏 = 509 ± 8 ± 12 fs 

𝐵𝑐
+ → 𝐽/𝜓𝜋+ 

Measures lifetime ratio 
𝜏(𝐵𝑐

+)/𝜏(𝐵+), where 𝜏(𝐵+) 
is more precisely known 

𝜏 = 513.4 ± 11.0 ± 5.7 fs 

Combined LHCb 
result: 
511.4 ± 9.3 fs 
Precision largely 
improved! 

EPJC 74 (2014) 2839 PLB 742 (2015) 29 
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𝐵𝑐
+

A large variety of decay modes 

 Hence the shorter lifetime than other 𝐵 mesons 
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b decay c decay annihilation 

∼ 20% ∼ 70% ∼ 10% 

with 𝑐𝑐   easier 
to detect esp.  
→ 𝜇+𝜇− 

Most observed 
channels in this 
category 

Though larger 
in fraction, 
efficiency is low 

𝐵𝑐
+ → 𝐵𝑠

0𝜋+ 
observed 

Not observed 
yet. 𝐾∗𝐾, 𝜙𝐾… 
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𝐵𝑐
+ → 𝐵𝑠

0𝜋+
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LHCb PRL 111(2013)181801 

The first observed 𝑐 decay in 𝐵𝑐  

𝐵𝑠
0 → 𝐷𝑠

−𝜋+ or 𝐽/𝜓 𝜙 
c decay 

𝐵𝑐
+ → 𝑩𝒔

𝟎 → 𝑫𝒔
−𝝅+ 𝜋+ 𝐵𝑐

+ → 𝑩𝒔
𝟎 → 𝑱/𝝍 𝝓 𝜋+ 

7.5σ 5.5σ 

ℬ 𝐵𝑐 → 𝐵𝑠𝜋  ~ 10% 
This also provides additional 
information on 𝐵𝑐 production 

3 fb-1 3 fb-1 
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𝐵𝑐 𝑐
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𝐵𝑐
+ → 𝐽/𝜓𝑝𝑝 𝜋+ @ LHCb 

First 𝐵𝑐 baryonic decay 

b decay 

PRL 113 (2014) 152003 

𝐵𝑐
+ → 𝐽/𝜓𝐷𝑠

∗ +
 @ LHCb and ATLAS 

Phys. Rev. D 87 (2013) 112012 arXiv : 1507.07099 

𝐽/𝜓𝐷𝑠
∗ partial 

reconstruction; info 
on helicity 𝐴±±/𝐴00 

𝐽/𝜓𝐷𝑠 used for mass 
measurement 

 

3 fb-1 

7&8 TeV 

3 fb-1 

7&8 TeV 



𝐵𝑐 𝑐
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b decay 

𝐵𝑐
+ → 𝜓 2𝑆 𝜋+ @ LHCb 

arXiv : 1507.03516 

𝐵𝑐
+ → 𝐽/𝜓𝜋+𝜋−𝜋+ @ LHCb and CMS 

Recently updated with 3/fb 

LHCb, PRL 108 (2012) 251802 

CMS, JHEP 01 (2015) 063 

0.8 fb-1 

7 TeV 



𝐵𝑐 𝑐
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𝐵𝑐
+ → 𝐽/𝜓𝐾+ @ LHCb  

𝐵𝑐
+ → 𝐽/𝜓𝐾+𝐾−𝜋+ @ LHCb 𝐵𝑐

+ → 𝐽/𝜓3𝜋+2𝜋− @ LHCb 

JHEP 1311 (2013) 094 arXiv: 1404.0287 

6.2 𝜎 
3 fb-1 3 fb-1 4.5 𝜎 

JHEP 09 (2013) 075 

b decay 



No doubt LHC has greatly improved our knowledge on 𝐵𝑐 

Analyses on Run-I data still on-going 

 So still room for surprises  

With Run-II starting smoothly, 𝜎 𝐵𝑐  expected to (almost) double 

 At higher energy, with more luminosity, more discoveries are awaiting 
us: more luck in the mass spectrum? Surely more new decays: 
annihilation? … 

Meanwhile we should keep thinking more clever ways to look at our data 

 Eg: Can we eventually measure 𝜎(𝐵𝑐) from all the indirect 

measurements? 
𝜎 𝐵𝑐 ℬ(𝐵→𝐽/𝜓𝐾)

𝜎 𝐵 ℬ(𝐵𝑐→𝐽/𝜓𝜋)
, 
𝜎 𝐵𝑐

𝜎 𝐵𝑠
ℬ(𝐵𝑐 → 𝐵𝑠𝜋), … 

 Exotic search in 𝐵𝑐 → 𝐷𝐷𝑋 

 CP violation study in eg. 𝐵𝑐 → 𝐷0𝐷𝑠/𝐷 
0𝐷𝑠 
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𝐵𝑐
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𝐵𝑐
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ATLAS results 

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/BPhysPu
blicResults 

 

CMS results 

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsRe
sultsBPH 
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