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LHCb detector
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Ø Designed for beauty and charm physics, 2 < 𝜂 < 5
Ø Collected 3 %b!" in 2011-2012 (Run 1), 6 %b!" in 2015-2018 (Run 2)

JINST 3 (2008) S08005
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Physics goals

Wenhua Hu ( PKU )

Ø Beauty to charmonium decays
ü Mainly dominant by tree-level (𝑏 ⟶ 𝑐𝑐𝑞)
⟹ stringent tests for SM, such as mixing
parameters in neutral 𝐵 mesons 

ü Focus on measurements of CPV, life time,
Branching ratios…
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LHCb recent results

p Search for the rare decay 𝐵! → 𝐽/𝜓𝜙

p Measure 𝜙" in 𝐵"! → 𝐽/𝜓(𝑒#𝑒$)𝜙 decay

p Measure 𝜏% in 𝐵"! → 𝐽/𝜓𝜂 decay

Beauty to charmonium decays at LHCb experiment



Search for the rare decay 𝐵! → 𝐽/𝜓𝜙 [Chin. Phys. C45 (2021) 043001] 

Ø 𝐵# → 𝐽/𝜓(𝜇$𝜇!)𝜙(𝐾$𝐾!) decay
ü Cabbibo suppressed 𝑏 → 𝑐 ̅𝑐𝑑 transition
ü 𝜙 meson is produced by 𝜔 − 𝜙 mixing or OZI mechanism [Phys. Lett. B677 (2009) 278]

ü Predicted BR : 1.0 ± 0.3 ×10$&[PLB 666(2008)185188, PRD.88.072005]

ü Previous LHCb result @1 ;b$' : BR < 1.9×10$&[PRD.88.072005]

Wenhua Hu ( PKU )

𝜔 − 𝜙 mxing (10!") OZI mechanism (10!#)
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𝜔 − 𝜙

https://pdf.sciencedirectassets.com/271623/1-s2.0-S0370269308X00309/1-s2.0-S0370269308008423/main.pdf?x-amz-security-token=AgoJb3JpZ2luX2VjEFgaCXVzLWVhc3QtMSJHMEUCIQDKGoSVrcYG//2qdTvoluFBu8tZlqjXY4c4SGlWmJ4LNwIgDvEVn5OkJr%2BdRHcq0g1PL62umUclm1o0oAppBGy3Etoq2gMIcBACGgwwNTkwMDM1NDY4NjUiDJdqaQYqMa98SCSK0iq3A4nbvRuL9p/Cjwn%2BleMsc604GMLMUYBw5YIIpLmQBRrnug7mXgePl1mVFvq3Vmd1RNmM/w6CRc8nV2Ibt3VpUSVWLxIabBYZWGQGerG0Bp1q1TDaWZ4TShL0RyYZTg0%2BAjfqaS9KUwVrZ9La/9He/P9BpsgVilKpYOZjrhZP5NsT42MOCipg/O46nARfCwi2p4XVf96bJk04PLVfzSFuoSNR/iqUpu6JndJ4SAR7nN73qU%2BTSGYPBbGA0T0EQMGIm6ngpBzVOwBjbEAnT4K8N8ET3gfrzCD%2BmOnLLt7cF0ObXkWaRMqx1mEwLS3tzh5Pv2dSORLVDdbScINwqURMyVK0akxMh3JtTtz1%2BoO/lwi6zrWZHmkW%2BMkQ8CdTVPHL7sqFcf8BPkI%2BjAs8e5CBfjof2UjaWe%2BXpOR1YUwwj6iWBaaejoCfAOQrS0XLkENu9QH0XxiwCTSEOQpWUmnhYVdQT9bylHCeOPfLOEKqe5fnFquOAuTVbxAzqFGpkvIEdnOLV91p0unK45G%2BP/30aQDFyZU7m8l3XRiBMTjgPmX9nSpIWSDbnSlwpa3//eG4U/4pz8koqfEwhoi%2B5wU6tAG5lXoCARN51p/llm0ExeZ8BnuLcex47yqCOUhvwFjnujI7Yf/WJuKcMKwJGslW8Y5SVhDxp9cKPkf8xYZiBr8YfD6Nv4yI8w2DaEqfxbo4VYNmxB8%2BZ3vvsQMO9fHSWt0crWrBpdWMYDkSKJI4PUdcnOvveZkIJWUotT%2BjvwqzsLQCIXs1dAfe8d2UmMAMhb4MVWvEQTQGE%2BMYnBS0gHY68UBBiGGWc9MpptOhBYRSB7jAPhU%3D&AWSAccessKeyId=ASIAQ3PHCVTYZOFJO2PL&Expires=1559206599&Signature=9fF4Yw3S%2BRgK0R8p7EEUuIcojHc%3D&hash=29611e29748e363bef5b4a02468778a1c9de0300ba3a5683c393352b1b0263eb&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0370269308008423&tid=spdf-015ab8d2-5f88-40a8-b22d-139dbf874382&sid=81b5e7b32aa6f94184693df-56e7d015ad27gxrqa&type=client
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.072005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.072005


Search for the rare decay 𝐵! → 𝐽/𝜓𝜙 [Chin. Phys. C45 (2021) 043001] 

Wenhua Hu ( PKU )

Ø Use full Run 1+2 data to search 𝐵# → 𝐽/𝜓𝜙 decay, with control 
channel 𝐵*# → 𝐽/𝜓𝜙 decay

Ø Perform sequential fits to m(𝐽/𝜓𝐾$𝐾!) and m(𝐾$𝐾!) due to 
correlation 

Ø Use the PLS (Profile Likelihood Scan) method to set upper limit 
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ℬ 𝐵! → 𝐽/𝜓𝜙 =
𝑁(!
)

𝑁("!
) ×ℬ(𝐵"! → 𝐽/𝜓𝜙)×𝑓"/𝑓*(×𝑓"+,-.)×

𝜀("!
𝜀(!

• ℬ(𝐵#$ → 𝐽/𝜓𝜙) = ( 10.50 ± 0.13 ± 0.64 ± 0.82 𝑓#/𝑓% )×10&'[PhysRevD.87.072004]

• 𝑓#/𝑓% = 0.259 ± 0.015 [JHEP04(2013)001]

• 𝑓#()*+ = 1.068 ± 0.046, scaling factor at 13 TeV [PRL. 118(2017)191801]

• 𝜀,!/𝜀,"!, efficiency ratio
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Search for the rare decay 𝐵! → 𝐽/𝜓𝜙 [Chin. Phys. C45 (2021) 043001] 
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𝐵' → 𝐽/𝜓𝐾(𝐾!

Ø Fit to m(𝐽/𝜓𝐾$𝐾!)
ü estimate the yields of each component in 𝐵! & 𝐵"! signal regions
ü yields total ~800 𝐵! → 𝐽/𝜓𝐾#𝐾$ signal events in 𝐵! signal region



Search for the rare decay 𝐵! → 𝐽/𝜓𝜙 [Chin. Phys. C45 (2021) 043001] 

Ø Fit to m(𝐾$𝐾!) with 𝜙 shape determined from 𝐵*# → 𝐽/𝜓𝜙 decay
ü ℬ 𝐵! → 𝐽/𝜓𝜙 = (6.9 ± 3.0 ± 0.9)×10$/, significance ~2.3𝜎

Ø Profile Likelihood Scan on ℬ 𝐵# → 𝐽/𝜓𝜙

Wenhua Hu ( PKU )

𝐵)'

ℬ 𝐵! → 𝐽/𝜓𝜙 < 𝟏. 𝟏×𝟏𝟎$𝟕
at 90% C.L.

Improved upper limit, which
is compatible with theoretical

prediction.

𝐵'
𝐵' → 𝐽/𝜓𝜙
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Measure 𝜙" in 𝐵"! → 𝐽/𝜓(𝑒#𝑒$)𝜙 decay [Eur. Phys. J. C81 (2021) 1026] 

Ø CPV of interference between mixing and decay

Ø Why is this interesting ?
ü excellent test for theoretical prediction 

𝜙) = −2𝛽) = −37.0!'."('.# mrad [1]
ü sensitive to New Physics in 𝐵)' mixing
ü LHCb results @ 4.9 7b!+[2]：

𝜙) = 42 ± 25 mrad
∆Γ) = 0.0813 ± 0.0048 ps!+

ü 𝐵)' → 𝐽/𝜓(𝑒(𝑒!)𝜙 is to be included

Wenhua Hu ( PKU )

Weak phase 𝜙" = 𝜙1 − 2𝜙2

𝜙,

−𝜙,
𝜙-

NP ?

[1] CKM Fitter
[2] Eur. Phys. J. C 80 (2020) 601

𝐵"!

𝐵"!
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Measure 𝜙" in 𝐵"! → 𝐽/𝜓(𝑒#𝑒$)𝜙 decay [Eur. Phys. J. C81 (2021) 1026] 

Wenhua Hu ( PKU )

Ø First time to measure 𝜙* in this decay, 3 %b!" (Run 1)

Ø Perform a flavour tagged time-dependent angular analysis in helicity 
basis, with distinguished final states: CP odd and even, s-wave
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𝑒(𝑒!

𝑒!

𝑒(

𝜃.



Measure 𝜙" in 𝐵"! → 𝐽/𝜓(𝑒#𝑒$)𝜙 decay [Eur. Phys. J. C81 (2021) 1026] 

Wenhua Hu ( PKU )

Ø Fit to 𝑚(𝑒$𝑒!𝐾$𝐾!)
ü Fit 𝐵)' mass with 0, 1 and 2 electrons applied with bremsstrahlung correction
ü Yield total ~13 k signal events, with a tagging power ~5% and a time resolution ~46 fs
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Ø Fit projections and measured results

Measure 𝜙" in 𝐵"! → 𝐽/𝜓(𝑒#𝑒$)𝜙 decay [Eur. Phys. J. C81 (2021) 1026] 

Wenhua Hu ( PKU )

Par. Value

𝜙) 0.00 ± 0.28 ± 0.07 rad

∆Γ) 0.115 ± 0.045 ± 0.011 ps-1

𝜆 0.877&$.../0$...1 ± 0.031

Γ) 0.608 ± 0.018 ± 0.012 ps-1

p Statistical uncertainty is dominant
p Consistent with SM and previous results
p No CPV is found
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Measure 𝜏% in 𝐵"! → 𝐽/𝜓𝜂(𝛾𝛾) decay [arXiv:2206.03088] 

Ø ∆Γ* and 𝜏F in 𝐵*# system
ü Sizeable prediction of ∆Γ"= Γ% − Γ3 = 0.091 ± 0.013 ps$' [1]

ü ∆Γ" can be directly measured or inferred from measured 𝜏% & 𝜏3
ü Precise measurement of 𝜏% gives stringent tests of consistency between           

two cases, and also SM prediction of 𝜏% = 1.422 ± 0.013 ps [1,2]

Ø 𝜏F in	𝐵*# → 𝐽/𝜓𝜂(𝛾𝛾) decay
ü Mass eigenstates ≈ CP eigenstates due to small CPV in mixing 
ü Pure CP even final state ⟹ TD angular analysis is not needed

Wenhua Hu ( PKU ) 07/07/2022           12

[1] Eur.Phys.J. C71 (2011) 1789
[2] JHEP07(2020)177

p 𝜏: = 𝜏;<< is accessible by a decay-time fit

p Update 𝜏: measurement with full Run 2 data

Beauty to charmonium decays at LHCb experiment



Measure 𝜏% in 𝐵"! → 𝐽/𝜓𝜂(𝛾𝛾) decay [arXiv:2206.03088] 

Wenhua Hu ( PKU )

Ø Perform a 2D fit to m(𝐽/𝜓𝜂) and decay-time
ü Mass fit:

p 𝐵#$ & 𝐵$ peaks by double sided Crystal Ball, comb. bkg. by 2nd Chebyshv
p partially rec. bkg. by the models determined from simulations

ü Decay-time fit: [𝑒!//1!⨂Res(𝑡)]×Acc(𝑡)
p Res(𝑡), single gaussian with an average width ~52 fs
p Acc(𝑡), efficiency function determined from simulations

2018

Run 1: 𝝉𝑳 = 𝟏. 𝟒𝟕𝟗 ± 𝟎. 𝟎𝟑𝟒(𝐬𝐭𝐚𝐭) ± 𝟎. 𝟎𝟏𝟏(𝐬𝐲𝐬𝐭) ps
Run 2: 𝝉𝑳 = 𝟏. 𝟒𝟒𝟓 ± 𝟎. 𝟎𝟏𝟔(𝐬𝐭𝐚𝐭) ± 𝟎. 𝟎𝟎𝟖(𝐬𝐲𝐬𝐭) ps
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Measure 𝜏% in 𝐵"! → 𝐽/𝜓𝜂(𝛾𝛾) decay [arXiv:2206.03088] 

Wenhua Hu ( PKU )

Measured results
p More precise than results in 𝐵)' → 𝐷)(𝐷)! and 𝐵)' → 𝐾(𝐾! analyses
p Consistent with previous HFLAV 2021 result and SM prediction
p All results are compatible

Mode 𝜏3 [ps]

Run 1+2 1.452 ± 0.014 ± 0.008

𝐵)' → 𝐷)(𝐷)! 1.379 ± 0.026 ± 0.017

𝐵)' → 𝐾(𝐾! 1.407 ± 0.016 ± 0.007

HFLAV2021 1.426 ± 0.008

SM 1.422 ± 0.013

PRL. 112 (2014) 111802

PLB 736 (2014) 446
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SM



Summary 

Wenhua Hu ( PKU )

Ø Update a search for the rare decay 𝐵! → 𝐽/𝜓𝜙 (@9 ;b$'), and obtain
an improved upper limit of ℬ 𝐵! → 𝐽/𝜓𝜙 < 1.1×10$&.

Ø First measurement of 𝜙" in 𝐵"! → 𝐽/𝜓(𝑒#𝑒$)𝜙 decay (@3 ;b$').
The obtained results are consistent with previous results and SM.

Ø Update measurement of lifte time 𝜏% in 𝐵"! → 𝐽/𝜓𝜂 decay, and obtain 
combined 𝜏% = 1.452 ± 0.014 ± 0.008 ps (@9 ;b$'), which is 
consistent with other LHCb results and SM.
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Backup
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LHCb performance numbers
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LHCb performance numbers
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m(𝐽/𝜓𝐾#𝐾$) fit results in 𝐵! → 𝐽/𝜓𝜙 analysis
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m(𝐾#𝐾$) fit strategy in 𝐵! → 𝐽/𝜓𝜙 analysis

Wenhua Hu ( PKU )

Ø Simultaneous fit of Run 1 and Run 2 samples

P)/4/5/ = 𝑁)/4
6 ×S6 𝑚 +𝑁)/4757×S757 𝑚 +𝑁)/4

8"
#
×B9"# 𝑚

+𝑁)/4:5;×B:5; 𝑚 +𝑁4
<$#×T<$#(𝑚)

- S2, same lineshape for 𝐵#/%$ → 𝐽/𝜓𝜙 decays
- S454,  𝑓$(980)/𝑎$(980)+nonresonance for 𝐵#/%$ → 𝐽/𝜓𝐾0𝐾& decays
- B6#! & B(57, shapes of 𝛬8$ and comb. bkg.
- T,"!, 𝐵#$ tail shape under 𝐵$ peak
- fix the 𝑁#/%

9#
!

, 𝑁#/%(57, 𝑁%
,"! obtained from m(𝐽/𝜓𝐾0𝐾&)  fit

03/09/2020           20Beauty to charmonium decays at LHCb experiment



Systematics in 𝐵! → 𝐽/𝜓𝜙 analysis

Wenhua Hu ( PKU )

Relative uncertainties

(1) m(𝐽/𝜓𝐾(𝐾!) model
(2) Yields of bkground

m(𝐾(𝐾!) shapes 

Compared to statistical 
uncertainty 3.1×10$/, 

they are small
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Acceptances in 𝐵"! → 𝐽/𝜓(𝑒#𝑒$)𝜙 analysis
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Systematics in 𝐵"! → 𝐽/𝜓𝜂 analysis
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𝜏% prediction in 𝐵"! → 𝐽/𝜓𝜂 analysis
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Fit results in 𝐵"! → 𝐽/𝜓𝜂 analysis
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Fit results in 𝐵"! → 𝐽/𝜓𝜂 analysis
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Decay-time efficiency in 𝐵"! → 𝐽/𝜓𝜂 analysis
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Systematics in 𝐵"! → 𝐽/𝜓𝜂 analysis
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