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Motivation:  and new physicsτ

Bo Fang, UCAS 25/10/2024

• In the same year for observation of the Higgs boson,  
Babar collaboration reported a  tension for  3.4σ R(D(*))

R(D(*)) =
ℬ(B → D(*)τντ)
ℬ(B → D(*)ℓνℓ)

(ℓ = e, μ)

• As an accidental symmetry in SM, lepton flavour 
universality expects the same coupling between gauge 
bosons and three charged leptons. 


• Physics beyond the SM could introduce enhancement 
for processes involving different charged leptons, 
especially the heavier third generation -lepton.


• The tension in  stimulates a lot of explorations 
for new physics, like LFU tests with semitauonic 
decays, LFV searches with rare decays… 
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LFU: lepton flavour universality

LFV: lepton flavour violation

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.111803
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.072014
https://hflav-eos.web.cern.ch/hflav-eos/semi/eps15/eps15_dtaunu.html


The LHCb detector (Run1&2)
A single-arm forward spectrometer, designed for 
the study of heavy flavour physics

• Excellent vertex, IP and decay-time resolution


• Very good momentum resolution


• Good hadron and muon identification


•  range (LHCb acceptance):                         
~   pairs@ 7 TeV ~x2 yield@ 13 TeV
2 < η < 5
3 × 104/s bb̄

4

Int. J. Mod. Phys. A 30(2015)153002

JINST 3(2008)S08005

Λ0
b → Λ+

c τ−ν̄τ

Bo Fang, UCAS 25/10/2024

https://worldscientific.com/doi/10.1142/S0217751X15300227
https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005
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Different reconstruction methods of -lepton at LHCbτ

• Direct measurement of  

• High statistics

• Backgrounds from  meson must be controlled well


• Sensitive to 

R(Xc)

D
D**μ−ν̄μ

• Detached  decay position to suppress  
dominant backgrounds


• High purity sample

• Specific dynamics of 


•  calculation requires external inputs

• Lower statistics

τ+

τ+ → 3π±(π0)ν̄τ

R(Xc)

Bo Fang, UCAS 25/10/2024

Muonic decays of  
 = 

τ
ℬ(τ− → μ−ν̄μντ) (17.39 ± 0.04) %

Hadronic decays of  
 ~ 

τ
ℬ(τ− → π−π+π−(π0)ντ) 13.5 %



• , Run1  
[PRL 115(2015)111803]
R(D*) 3fb−1
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• , Run1  
[PRL 120(2018)121801]
R(J/ψ) 3fb−1

LFU tests using semitauonic decays at LHCb
Muonic decays of  

 = 
τ

ℬ(τ− → μ−ν̄μντ) (17.39 ± 0.04) %

• , Run1  (2018)                                            
[PRL 120,171802, PRD 97,072013]
R(D*) 3fb−1

Hadronic decays of  
 ~ 

τ
ℬ(τ− → π−π+π−(π0)ντ) 13.5 %

• , Run1  
[PRL 128(2022)191803]
R(Λc) 3fb−1

• , Run1  
[PRL 131(2023)111802]
R(D0) & R(D*) 3fb−1

• , part. Run2                                             
[PRD 108(2023)012018]  
(Erratum [PRD 109(2024)119902])

R(D*) 2fb−1

• , part. Run2  
[LHCb-PAPER-2024-007]
R(D+) & R(D*+) 2fb−1

• , Run1+part. Run2  (2023)                                            
[LHCb-PAPER-2023-020]
FD*

L 5fb−1

Bo Fang, UCAS 25/10/2024

• , Run1+Run2,  
[LHCb-PAPER-2024-037], in preparation
R(D**) 9fb−1 New!

Supersede

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.111803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.121801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.171802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072013
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.191803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.111802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.012018
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.119902
https://arxiv.org/abs/2406.03387
https://arxiv.org/abs/2311.05224
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LFU tests using semitauonic decays at LHCb
• , Run1 

[PRL 131(2023)111802]
R(D0) & R(D*) • , part. Run2 

[LHCb-PAPER-2024-007]
R(D+) & R(D*+)

• Signal and normalisation channels have the same final states

•  channel will be background for  channel


• Large statistics, low purity

• Main backgrounds from double-charm process and misID

τ μ

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.111802
https://arxiv.org/abs/2406.03387
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LFU tests using semitauonic decays at LHCb
• , part. Run2                                            

[PRD 108(2023)012018] (Erratum [PRD 109(2024)119902])
R(D*)

•Normalise to 

• External input for getting 


• Lower statistics, higher purity

•Main backgrounds from 

B0 → D*−π+π−π+

R(D*)

B → D*−Ds(X)

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.012018
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.119902
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[HFLAV2024]
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0.1 0.2 0.3 0.4
R(D*)

BaBar, had. tag
 0.018± 0.024 ±0.332 

, had. tagaBelle
 0.015± 0.038 ±0.293 

, (hadronic tau)bBelle
 0.027± 0.035 ±0.270 

, sl.tagcBelle
 0.014± 0.018 ±0.283 

aLHCb
 0.024± 0.018 ±0.281 

, (hadronic tau)bLHCb
 0.020± 0.012 ±0.267 

Belle II, had.tag
 0.031± 0.040 ±0.267 

cLHCb
 0.085± 0.081 ±0.402 

Average 
 0.012±0.287 

SM average 
 0.005±0.254 

PRD 95 (2017) 115008 
 0.003±0.257 

JHEP 1712 (2017) 060 
 0.005±0.257 

PLB 795 (2019) 386 
 0.007±0.254 

PRL 123 (2019) 9,091801 
 0.005±0.253 

EPJC 80 (2020) 2, 74 
 0.006±0.247 

EPJC 82(2022) 12,1141 
 0.013±0.265 

EPJC 82(2022) 12,1083 
 0.008±0.275 

arXiv:2304.03137[hep-lat] 
 0.013±0.279 

PRD 109 (2024) 7, 074503 
 0.022±0.252 HFLAV

Moriond 2024

• : Muonic , Run1

• : Hadronic , Run1+part. Run2

• : Muonic , part. Run2

LHCba R(D) & R(D*)
LHCbb R(D*)
LHCbc R(D+) & R(D*+)

~2.5σ

0.2 0.4
R(D)

BaBar, had. tag
 0.042± 0.058 ±0.440 

, had. tagaBelle
 0.026± 0.064 ±0.375 

, sl. tagcBelle
 0.016± 0.037 ±0.307 

aLHCb
 0.066± 0.060 ±0.441 

cLHCb
 0.047± 0.043 ±0.249 

Average 
 0.026±0.342 

SM average 
 0.004±0.298 

PRD 94 (2016) 094008 
 0.003±0.299 

PRD 95 (2017) 115008 
 0.003±0.299 

JHEP 1712 (2017) 060 
 0.004±0.299 

EPJC 80 (2020) 2, 74  
 0.003±0.297 

PRD 105 (2022) 034503  
 0.008±0.296 

FNAL/MILC (2015) 
 0.011±0.299 

HPQCD (2015) 
 0.008±0.300 HFLAV

Moriond 2024

~1.6σ

•  tension with SM: 3.3 

• Theory predictions are quite precise  ~ 1%

• Belle & Belle II results dominated by statistical uncertainty

• LHCb results have 

R(D) & R(D*) σ

σsyst > σstat

Current  scenarioR(D) − R(D*)

https://hflav-eos.web.cern.ch/hflav-eos/semi/moriond24/html/RDsDsstar/RDRDs.html


10

LFU tests using semitauonic decays at LHCb
• , Run1+Run2                                           

[LHCb-PAPER-2024-037], in preparation
R(D**)

New!

LHCb preliminary

LHCb preliminary

LHCb preliminary

LHCb preliminary

• First evidence of   ~B− → D**0τ−ν̄τ 3.5σ
ℬ(B− → D**0

1,2 τ−ν̄τ)

ℬ(B− → D**0
1,2 D(*)−

s )
= 0.19 ± 0.05

:   and D**0
1,2 D1(2420)0 D*2 (2460)0

R(D**0
1,2 ) = 0.13 ± 0.03(stat) ± 0.01(syst) ± 0.02(ext)

•With external input of  
and  :

ℬ(B− → D**0
1,2 (D−

s + D*−
s ))

ℬ(B− → D**0
1,2 μ−ν̄μ)

•Consistent with SM prediction: 0.09 ± 0.02
•Measured signal yields can be used to 

constrain  background in  
measurement

B → D**τ−ν̄τ R(D*)

ND**0
1,2 τ−ν̄τ

= 123 ± 23(stat) ± 14(syst)
N(D**0

1,2 +D′ 
1)τ−ν̄τ

= 220 ± 34(stat) ± 25(syst)
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Rare decays involving  at LHCbτ
Lepton flavour violating decays

Bo Fang, UCAS 25/10/2024

• , Run1+Run2  
[JHEP 06(2023)143]
B0 → K*0τ±μ∓ 9fb−1

• , Run1+Run2  
[JHEP 06(2020)129]
B+ → K+μ−τ+ 9fb−1

• , Run1+Run2  
[arXiv: 2405.13103]
B0

s → ϕμ±τ∓ 9fb−1

• , Run1  
[PRL 123(2019)211801]
B0

(s) → τ±μ∓ 3fb−1

• , Run1  
[JHEP 02(2015)121]
τ− → μ−μ+μ− 3fb−1

•  production,  TeV 
[JHEP 01(2013)111,JHEP 09(2018)159]
Z → τ+τ− s = 7,8 1,2fb−1 • , Run1  

[PRL 118(2017)251802]
B0

(s) → τ+τ− 3fb−1

 measurementN → τ+τ−

https://link.springer.com/article/10.1007/JHEP06(2023)143
https://link.springer.com/article/10.1007/JHEP06(2020)129
https://arxiv.org/abs/2405.13103
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.211801
https://link.springer.com/article/10.1007/JHEP02(2015)121
https://link.springer.com/article/10.1007/JHEP01(2013)111
https://link.springer.com/article/10.1007/JHEP09(2018)159
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.251802
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Representative results of rare decays
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 at 90% CL 

 at 95% CL

ℬ(B0
s → ϕμ±τ∓) < 1.0 × 10−5

< 1.1 × 10−5

• , Run1+Run2 
[arXiv: 2405.13103]
B0

s → ϕμ±τ∓ • , Run1+Run2 
[JHEP 06(2023)143]
B0 → K*0τ±μ∓

 at 90% CL 

 at 95% CL

ℬ(B0 → K*0τ+μ−) < 1.0 × 10−5

< 1.2 × 10−5

 at 90% CL 

 at 95% CL

ℬ(B0 → K*0τ−μ+) < 8.2 × 10−6

< 9.8 × 10−6

• , Run1+Run2 
[JHEP 06(2020)129]
B+ → K+μ−τ+

 at 90% CL 

 at 95% CL

ℬ(B+ → K+μ−τ+) < 3.9 × 10−5

< 4.5 × 10−5

https://arxiv.org/abs/2405.13103
https://link.springer.com/article/10.1007/JHEP06(2023)143
https://link.springer.com/article/10.1007/JHEP06(2020)129
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Representative results of rare decays
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• , Run1  
[JHEP 02(2015)121]
τ− → μ−μ+μ− 3fb−1

 at 90% CL 

(  at 7 TeV [PLB 724(2013)36])
ℬ(τ− → μ−μ+μ−) < 8.0 × 10−8

1fb−1

This result:

 at 90% CL ℬ(τ− → μ−μ+μ−) < 4.6 × 10−8

Theory prediction with NP enhancement: 

 in  ℬ(τ− → μ−μ+μ−) 10−9 − 10−8

• , Run1  
[PRL 118(2017)251802]
B0

(s) → τ+τ− 3fb−1

Assuming no 

 at 95% CL 

B0
s → τ+τ−

ℬ(B0 → τ+τ−) < 2.1 × 10−3

Assuming no 

 at 95% CL 

B0 → τ+τ−

ℬ(B0
s → τ+τ−) < 6.8 × 10−3

Theory prediction with NP enhancement: 

 = 

 = 

ℬ(B0
s → τ+τ−) (7.73 ± 0.49) × 10−7

ℬ(B0 → τ+τ−) (2.22 ± 0.19) × 10−8

• , Run1  
[PRL 123(2019)211801]
B0

(s) → τ±μ∓ 3fb−1

Theory prediction with NP enhancement: 

 in  ℬ(B0

s → τ±μ∓) 10−9 − 10−4

Assuming no 

 at 95% CL 

B0
s → τ±μ∓

ℬ(B0 → τ±μ∓) < 1.4 × 10−5

Assuming no 

 at 95% CL 

B0 → τ±μ∓

ℬ(B0
s → τ±τ∓) < 4.2 × 10−5

https://link.springer.com/article/10.1007/JHEP02(2015)121
https://doi.org/10.1016/j.physletb.2013.05.063
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.251802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.211801
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Challenges
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• Physics challenges 

• Theoretical challenges

• Form factors

• Predictions for double charm BFs, especially for excited states, 

which are more complicated to measure experimentally

• Precise prediction for BFs of rare decays


• Experimental challenges: how to handle systematics

• Pile-up will lead to complexity of PV match

• Increased data statistics require corresponding massive simulation 

events

• Background with low BFs will become more and more significant…
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Challenges
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• Challenges in other aspects

• Pile-up: mu ~ 1 for Run1&2; mu ~ 5 for Run3&4; mu ~ 40 for Run5&6

• Reconstruction of PV


• Detector performance

• Computing resources

• Lack of humanpower…

mu: average  interactions per bunch crossing pp
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Upgrade of LHCb experiment
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Run1 & Run2 (2011-2018) Run3 & Run4 (2022-2032(?)) Run5 & Run6 (~2035-2040)

Past Now Future

The goal is to collect much more data and in the meantime  
keep the same or even better performance than Run1&Run2

Pure software trigger Timing info will be added

See talk from Peilian Li and Ao Xu See talk from Zhiyang Yuan

https://indico.ihep.ac.cn/event/22089/contributions/169381/attachments/83410/105814/LHCbAllen_CEPCworkshop_PeilianLi.pdf
https://indico.ihep.ac.cn/event/22089/contributions/169382/attachments/83404/105791/axu_cepc2024.pdf
https://indico.ihep.ac.cn/event/22089/contributions/169183/attachments/83357/105737/PicoCal%20fast-timing%20and%20radiation-tolerant%20ECAL%20for%20LHCb%20Upgrade%20II.pdf
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LHCb data-taking
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2024 > Run1+Run2 !!

• In 2022,  
the Upstream Tracker was not installed and  
commissioning took long time

• In 2023,  

VELO was kept open due to a vacuum incident

• In 2024,  

VELO is back, UT is installed and working well !

•The target for end of Upgrade I(~2032): 

•The target for end of Upgrade II(~2040): 

50fb−1

300fb−1



• More statistics

• Analyses including Run2 

6 fb  data samples ongoing


• Data taking in Run3


• Control of systematics

• New technologies (fast simulation, multivariate selection…)


• Inputs from other experiments and theorists


• …


• Probe into various observables


• , ,  …


• Polarisation measurement


• Angular analyses

−1

R(D+
s ) R(Λ+

c ) R(J/ψ)
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[Rev. Mod. Phys. 94, 015003]

[JHEP 11(2019)133]
Prospects of angular analysis 
of  with full 
Run1+Run2 data sample 
from simulation

B0 → D*+τ−ν̄τ

Bo Fang, UCAS 25/10/2024

Prospects of semitauonic decays

https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.94.015003
https://link.springer.com/article/10.1007/JHEP11(2019)133
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Prospects of rare decays involving τ
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• B0
(s) → τ+τ−

•  : 
Upper limit  (Upgrade I, ) ~ 5 times improvement 
Upper limit  (Upgrade II, ) ~ 2.6 times improvement


• Inputs about resonant structure in  from Belle II  
would help to reduce systematic limitation

ℬ(B0
s → τ+τ−)

1.3 × 10−3 50fb−1

5.0 × 10−4 300fb−1

τ− → π−π+π−ντ

[arXiv: 1808.08865]

• B0
(s) → τ±μ∓

•  : 
Upper limit ~  (Run1+Run2, ) ~ 5 times improvement 
Upper limit  (Upgrade II, ) ~ 3 times improvement


• Mass reconstruction depends heavily on primary and  vertices resolution, 
improvement in the tracking system required. 

ℬ(B0 → τ±μ∓)
10−5 3fb−1

3 × 10−6 300fb−1

τ

<Physics case for an LHCb Upgrade II - Opportunities in 
flavour physics, and beyond, in the HL-LHC era>

https://arxiv.org/abs/1808.08865v4
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Prospects of rare decays involving τ
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• B → K(*)τ±μ∓

• Sensitivity scales almost linearly with ,  
so for Upgrade II ( ):

• Upper limit for  ~  at 90% CL

• Upper limit for  ~  at 90% CL


•  from reconstruction of  or  can give complementary info

ℒ
300fb−1

ℬ(B+ → K+τ±μ∓) 6.2 × 10−6

ℬ(B0 → K*0τ±μ∓) 1.4 × 10−6

PB τ− → π−π+π−ντ B*0
s2 → BK

[arXiv: 1808.08865]

• τ− → μ−μ+μ−

• NP theory prediction:  in 

• Current experimental limit:  (LHCb & B Factories)

• LHCb during Upgrade II would probe down to 

ℬ(τ− → μ−μ+μ−) 10−9 − 10−8

ℬ(τ− → μ−μ+μ−) < 1.2 × 10−8

𝒪(10−9)

• FCNC processes like ,  …B → K(*)τ+τ− Λ0
b → pK−τ+τ−

• Analyses ongoing, hopefully results will be revealed in the near future

• Precision expected ~ 𝒪(10−5) − 𝒪(10−3)

<Physics case for an LHCb Upgrade II - Opportunities in 
flavour physics, and beyond, in the HL-LHC era>

https://arxiv.org/abs/1808.08865v4
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Summary
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• LHCb has reported a lot of physics results involving -lepton:

• For LFU tests using semitauonic decays, precisions are comparable with results from 

B Factories

• For rare decays, searches for LFV have pretty good sensitivity ~ 

• For both sides, LHCb also provides valuable measurements for 


• With more data taken(even existing data), more results are expected:

• Improving precision for published results: , , 

…


• Looking at other observables: , angular observables of …


• Many challenges ahead, but also many gains and pleasures !

τ

𝒪(10−5)
B0

s , B+
c , Λ0

b . . .

R(Xc) ℬ(τ− → μ−μ+μ−)
ℬ(B0

(s) → τ±μ∓)
ℬ(Hb → Hsτ+τ−) R(Xc)

Thank you for listening!


