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• Multipurpose detector in the forward region 𝟐 < 𝜼 < 𝟓. 
 

• Built for study of rare decays and precision flavour physics 
measurements (new physics). LHCb can also do 
electroweak(W. Barter), top (H. Brown) jets and Higgs. 

https://indico.cern.ch/contributionDisplay.py?contribId=37&sessionId=9&confId=214998
https://indico.cern.ch/contributionDisplay.py?contribId=128&sessionId=10&confId=214998


 
 

 

 

LHCb 

08/04/2013 Matthew M Reid 3 

• VErtex LOcator determination of displaced secondary vertices 
away from the proton-proton collision region. 
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• Two halves of VELO close around stable beams, sensors 𝟖𝒎𝒎 
from beam axis. Sensitive to low 𝒑𝑻 physics. 
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Particle ID with Ring Imaging 

CHerenkov detectors: 

    ~ 𝟗𝟔%  𝝐 (𝑲) (< 𝟏𝟎𝟎𝑮𝒆𝑽) 

    ~ 𝟕%   𝝐(𝝅 → 𝑲)   
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Motivations 
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• We are investigating 6 possible modes. 

–  𝐁𝐝,𝐬
𝟎 → 𝑱/𝝍𝑲𝑺

𝟎𝒉′𝒉 where 𝒉, 𝒉′ = 𝑲,𝝅 (3 𝑩𝒔 and 3 𝑩𝒅). 
 

• Very least add to #of 𝑩𝒔 decays, ~7 times more decays known 
for 𝑩𝒅 than 𝑩𝒔 in PDG. 
 

• Branching fraction measurements. Modes already observed 
are:- 

– 𝑩𝟎 → 𝑱/𝝍𝑲𝑺
𝟎𝝅𝝅 ≈ 𝟏. 𝟏 ±  𝟎. 𝟒 ±  𝟎. 𝟐 × 𝟏𝟎−𝟑 (CDF, Belle). 

– 𝑩𝟎 → 𝑱/𝝍𝑲𝑺
𝟎𝝓 ≈ 𝟗. 𝟒 ± 𝟐. 𝟔 × 𝟏𝟎−𝟓 (CLEO, BaBar). 

 

• Statistically dominated, latter good for precise 𝑩𝟎 mass 
measurement, small 𝑸 value. 
 

• Measurement of CP-Violation 𝜷𝒔 “could” be possible. 
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• Rich underlying resonance structure to 𝑩𝒔 → 𝑱/𝝍 𝑲𝑺𝑲𝝅 mode, 
help understand pseudo-scalar and pseudo(axial)-vector 
resonances. 

Tree level Feynman diagram: 𝐵𝑠
0 → 𝐽/𝜓𝐾𝑆

0𝐾𝜋 
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• If we have flavour conjugate final state, 𝑩𝒔 → 𝑱/𝝍 𝑲𝑺𝝅𝝅 or 
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• Requires time dependent study (oscillation). Limited by stats 
and 𝐁 − 𝐁  tagging power (~𝑶(𝟓%)). 



 
 

 

 

𝑩 𝑩𝒅→𝑱/𝝍𝑲𝑺 𝝅𝝅

𝑩(𝑩𝒅→𝑱/𝝍𝑲𝑺)
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Branching Fraction Ratio 
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• We use data collected during 2011 period with an integrated 
luminosity of 𝓛 = 𝟏. 𝟎 𝒇𝒃−𝟏. 

 

• A rectangular cut based selection is optimised on simulated 

events for 𝐁𝟎 → 𝑱/𝝍 𝑲𝑺
𝟎𝝅𝝅. The same selection is applied to 

𝐁𝟎 → 𝑱/𝝍 𝑲𝑺
𝟎 events (excluding any pion cuts). 

 

 

• 12 variables used in our optimisation. E.g. 𝑩𝟎:   𝒑𝑻, 𝑽𝒆𝒓𝒕𝒆𝒙 𝝌
𝟐 ,  

𝑲𝑺
𝟎:   𝑰𝒎𝒑𝒂𝒄𝒕 𝑷𝒂𝒓𝒂𝒎𝒆𝒕𝒆𝒓 𝝌𝟐, 𝝅±:  𝑰𝒎𝒑𝒂𝒄𝒕 𝑷𝒂𝒓𝒂𝒎𝒆𝒕𝒆𝒓 𝝌𝟐  

 

• We obtain 
𝚩(𝐁𝟎→𝑱/𝝍𝑲𝑺

𝟎𝝅𝝅)

𝚩(𝐁𝟎→𝑱/𝝍𝑲𝑺
𝟎)

 using the following formula. 
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http://arxiv.org/pdf/hep-ex/0105014.pdf http://xxx.lanl.gov/pdf/hep-ex/0108022v1.pdf 

 

• Observed 6.2 evts to our 

mode 𝐁𝟎 → 𝑱/𝝍𝑲𝑺
𝟎𝝅𝝅.  

 

 

• Belle: 𝐁𝟎 → 𝑱/𝝍𝑲𝟏 𝟏𝟐𝟕𝟎
𝟎  

 

• CDF: 𝐁𝟎 → 𝑱/𝝍𝑲𝑺
𝟎𝝅𝝅  

 

• 𝟑. 𝟑𝝈 evidence observing 
39 evts.  
 

 

http://arxiv.org/pdf/hep-ex/0105014.pdf
http://arxiv.org/pdf/hep-ex/0105014.pdf
http://arxiv.org/pdf/hep-ex/0105014.pdf
http://xxx.lanl.gov/pdf/hep-ex/0108022v1.pdf
http://xxx.lanl.gov/pdf/hep-ex/0108022v1.pdf
http://xxx.lanl.gov/pdf/hep-ex/0108022v1.pdf


LHCb 
Unofficial 

𝑩𝒅
𝟎 → 𝑱/𝝍𝑲𝑺

𝟎 𝑳𝑳 𝝅𝝅 
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𝑩𝒅
𝟎 → 𝑱/𝝍𝑲𝑺

𝟎𝝅𝝅 

𝑩𝒅
𝟎 → 𝑱/𝝍𝑲𝑺

𝟎 (Logarithmic scale) 

LHCb Unofficial 

• We have two data samples, one 

where 𝑲𝑺
𝟎 ‘s are reconstructed in the 

VELO, 𝑲𝑺
𝟎(𝑳𝑳) and the other they 

are reconstructed downstream of 

magnet, 𝑲𝑺
𝟎(𝑫𝑫). 

𝑩𝒅
𝟎 → 𝑱/𝝍𝑲𝑺

𝟎 𝑩𝒅
𝟎 → 𝑱/𝝍𝑲𝑺

𝟎𝝅𝝅 

Parameter 
 

𝑲𝑺
𝟎(𝑳𝑳) 𝑲𝑺

𝟎(𝑫𝑫) 𝑲𝑺
𝟎(𝑳𝑳) 𝑲𝑺

𝟎(𝑫𝑫) 

𝑴𝑩𝟎(𝐌𝐞𝐕/𝐜
𝟐) 𝟓𝟐𝟖𝟏. 𝟎

± 𝟎. 𝟏𝟏 
𝟓𝟐𝟖𝟏. 𝟔
± 𝟎. 𝟎𝟗 

𝟓𝟐𝟖𝟏. 𝟐
± 𝟎. 𝟑𝟖 

𝟓𝟐𝟖𝟏. 𝟓
± 𝟎. 𝟑𝟏 

𝝈𝟏(𝐌𝐞𝐕/𝐜
𝟐) 𝟓. 𝟖𝟎

± 𝟎. 𝟐𝟐  
𝟕. 𝟓𝟑
± 𝟎. 𝟏𝟔 

𝟓. 𝟏𝟕
± 𝟎. 𝟑𝟖 

𝟔. 𝟎𝟕
± 𝟎. 𝟒𝟎 

𝝈𝟐(𝐌𝐞𝐕/𝐜
𝟐) 𝟏𝟏. 𝟏𝟕  𝟏𝟖. 𝟏𝟒 𝟖. 𝟓𝟔 𝟏𝟓. 𝟒𝟐 

𝑩𝟎 𝒀𝒊𝒆𝒍𝒅 𝟓𝟏𝟏𝟔. 𝟔
±  𝟕𝟐. 𝟑 

𝟏𝟎𝟎𝟗𝟏
± 𝟏𝟎𝟔 

𝟑𝟔𝟑. 𝟑
± 𝟏𝟗. 𝟖 

𝟕𝟐𝟎. 𝟏𝟖
± 𝟐𝟗. 𝟒 

Matthew M Reid 

𝑩𝒅
𝟎 → 𝑱/𝝍𝑲𝑺

𝟎 𝑳𝑳  (Log scale) 

LHCb Unofficial 
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 PDG: 𝑩(𝑩𝒅
𝟎 → 𝑱/𝝍 𝑲𝑺

𝟎𝝅𝝅) =  𝟓𝟐 ± 𝟑𝟑 ± 𝟏𝟓 × 𝟏𝟎−𝟓  

𝑩(𝑩𝒅
𝟎 → 𝑱/𝝍 𝑲𝑺

𝟎𝝅𝝅) =  𝑿𝑿 ± 𝟐. 𝟗 𝒔𝒕𝒂𝒕 ± 𝟐. 𝟕 𝒔𝒚𝒔   × 𝟏𝟎−𝟓  

• 𝟐𝟑𝝈 statistical confirmation of 𝑩𝒅
𝟎 → 𝑱/𝝍𝑲𝑺

𝟎𝝅𝝅 decay mode. 

Decay Event Yield 

𝑩𝒅
𝟎 → 𝑱/𝝍𝑲𝑺

𝟎𝝅𝝅 𝟏𝟎𝟖𝟑 

𝑩𝒅
𝟎 → 𝑱/𝝍𝑲𝑺

𝟎 𝟏𝟓𝟐𝟎𝟕 

• We have a factor 10 statistics from the 𝑲𝑺
𝟎 𝑳𝑳  alone. Not 

finalised, but no large deviation dominated by the fit to data. 

• Systematics to be revised and will come down. New larger MC 
sample. Dominant was systematic PID 5%. 
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• First milestone measurement of 𝚩
𝑩𝒅→𝑱/𝝍𝑲𝑺

𝟎𝝅𝝅 
𝑩𝒅→𝑱/𝝍𝑲𝑺

𝟎  done. Better 

statistical precision. 
 

 
• Work on going to measure other 5 decay modes. Results coming 

soon.  

 

• We can use 𝑩𝒅 → 𝑱/𝝍𝑲𝑺
𝟎𝝅𝝅  mode as a control channel to 

optimise a selection from data for other modes as similar 
topology.   

 

• Lots of physics to be investigated within these modes. 
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• Two body 
invariant 
mass 
combinations 

• MC, Data 

𝝆(𝟕𝟕𝟎) 𝐊∗ 

𝑩𝒅
𝟎 → 𝑱/𝝍𝑲𝑺

𝟎𝝅𝝅 

Meson Current 𝑱𝑷 

Scalar 𝝍 𝝍 𝟎+ 

Pseudoscalar 𝝍 𝜸𝟓𝝍 𝟎− 

Vector 𝝍 𝜸𝝁𝝍 𝟏− 

Pseudovector 𝝍 𝜸𝝁𝜸𝟓𝝍 𝟏+ 
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• Three body 
invariant 
mass 
combinations 

• MC, Data 

Potential 𝒄 𝒄  

𝑲𝟏(𝟏𝟐𝟕𝟎) 𝝍(𝟐𝑺) 

𝑩𝒅
𝟎 → 𝑱/𝝍𝑲𝑺

𝟎𝝅𝝅 
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𝑩𝒅
𝟎 → 𝑱/𝝍𝑲𝑺

𝟎𝝅𝝅 
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• Could also look at the hadronic 
form factors via angular analysis. 

Determination of the 𝑿(𝟑𝟖𝟕𝟐) meson quantum  
numbers http://arxiv.org/abs/arXiv:1302.6269 

• Probing HQEF theories through 𝑩𝒅
𝟎 → 𝑱/𝝍 (𝑲∗, 𝑲𝟏(𝟏𝟐𝟕𝟎))  

for example. 
http://arxiv.org/pdf/hep-ph/9308210.pdf 

• There is also a chance to study various exotic 𝒄𝒄  states, such 

as 𝑩𝟎 → 𝑿 𝟑𝟖𝟕𝟐 𝑲𝑺
𝟎. 

• There are also a variety of other 
potential states we could 
observe through a decay, 
𝑿 𝟑𝟗𝟏𝟓 , 𝑿 𝟑𝟗𝟒𝟎 ,𝝍 𝟒𝟎𝟒𝟎 …  

http://arxiv.org/pdf/hep-ph/9308210.pdf
http://arxiv.org/pdf/hep-ph/9308210.pdf
http://arxiv.org/pdf/hep-ph/9308210.pdf
http://arxiv.org/pdf/hep-ph/9308210.pdf
http://arxiv.org/pdf/hep-ph/9308210.pdf
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• There is still much to learn from Heavy to light quark form 
factors through factorisation approximation.  

• Excluding QCD penguin contributions (𝑶𝟑..𝟔
𝒒

 since Wilson 

Coefficients numerically small.) 

𝑯𝑬𝒇𝒇 =
𝑮𝑭

𝟐 
 𝑽𝒒𝒃𝑽𝒒𝒅

∗ 𝑪𝟏 𝝁 𝑶𝟏
𝒒
+ 𝑪𝟐 𝝁 𝑶𝟐

𝒒

𝒒=𝒖,𝒄

 

• Probing HQEF theories. Such as those done at Belle and 
CLEOc 


