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𝐵 → 𝐾∗𝜇 𝜇 vs    𝐵 → 𝐾∗𝑒𝑒
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2.2σ 2.4σ

2.6σ

𝐵 → 𝐾𝜇𝜇 vs    𝐵 → 𝐾𝑒𝑒

LFUV in neutral currents

LHCb also measure RpK in Λb → pKℓℓ, still limited statistically but goes in the same direction 
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B →K*µµ angular analysis 

3σ2.8σ

Run1 Run1+2016

2.9σ

2.5σ

• Tension in P’5 confirmed though mildly
decreasing

• Global fit of all observables shows an 
increase of the discrepancy from 3.0 to 3.3 σ
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Other b → sℓℓ observables

• B(s) → µµ : BR about 2σ from SM
• LFUV in angular observables
• BR(b → sµµ) up to 3σ from SM in some q2 bin
• …and many more…
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Lepton reconstruction

• Muons: easy thanks to dedicated detector, very good 
dimuon resolution

• Electrons: similar as muons for e+e- machines, difficult
for hadronic machines
• Calorimeter has high occupancy
• High energy loss due to bremsstralhung
• Can be partially recovered but resolution worse

than muons and high partially reconstructed bkg



8

Lepton reconstruction

• Taus : Difficult due to final state neutrinos
• LHCb uses muon and 3π final state
• B factories use mainly one prong decay and reconstruct the entire event
• Final states with τ are still much less known than their e/µ counterpart

τ decay BR (%)

τ+ → µ+νν 17.39±0.04

τ+ → e+νν 17.82±0.04

τ+ → π+ν 10.82±0.05

τ+ → π+ π0ν 25.49±0.09

τ+ → π+ π0 π0ν 9.26±0.10

τ+ → π+ π+ π-ν 9.31±0.05

τ+ → π+ π+ π- π0ν 4.62±0.05
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50 ab-1 for Belle II
50 fb-1 for LHCb

Belle II 
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50 ab-1 for Belle II
50 fb-1 for LHCb

Belle II 

FCC ee
??

??

??
Belle III

Numbers in this talk are from: 
Physics case for an LHCb Upgrade II (1808.08865) 
Belle II Physics book (1808.10567)
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b → cℓν
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b → cℓν : LHCb vs B factories

• Measure R(D*) with B0→D*+(D0π+)τ-ν and 3 
prong or muonic τ decay

• Systematically limited due to simulation 
sample size (being fixed), and background 
modelling (data driven)

• Also measured R(J/Ψ)= Bc→ J/Ψτν / Bc→ 
J/Ψµν, about 2σ above SM

• Measure R(D*) and R(D) from B0 and B+

events, using semileptonic or hadronic
tagging and one prong τ decay

• Also measure the τ polarization in R(D*)
• Statistics limited
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Prospects for b → cℓν

Belle II Relative uncertainty

LHCb 2030

• LHCb and Belle II will reach ~same sensitivity on 
R(D*) by 2030

• Improvements will come from:
• More statistics
• More channels: R(D0), R(D(*)

s), R(Λc),.. but 
also b → uℓν decays
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Prospects for b → cℓν

2HDMSM

• More observables: D*, τ polarizations and angular analysis (see e.g. JHEP11(2019)133)

BelleII

B→D*τν
B→D*μν

LHCb U2 
expected
resolutions

R(D) and R(D*) are just the beginning
Very rich progamm from LHCb and Belle II

https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1007%2FJHEP11%25282019%2529133&v=803eaa7d
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b → sℓℓ
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b → sℓℓ : LHCb vs B factories

 Very High statistics of b hadrons
 Access to different species
 large bremsstralhung emission for electrons

→ poor mass resolution
Muon and electron have ≠ efficiencies, triggers            
→ measure double ratios for LFU studies

 Low statics of b hadrons
 Only B0 and B+ produced
 Good reconstruction of neutrals

→  access inclusive B → X ℓℓ decays 
 Good hermiticity

→ access to b → sνν
 electron ~ muon reconstruction
 No trigger bias

B →K µµ B →K ee
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Prospects for RK(*)

Still stat. limited

Belle II 50 ab-1 LHCb 50 fb-1 LHCb 300 fb-1

RK [1,6 GeV2] 3.6% 1.7% 0.7%

RK*[1,6 GeV2] 3.2% 2.0% 0.8%

Need to reduce syst. < 1%

• Precision at the % level

• Belle II will also measure RXs with 4% 
precision and test LFUV in angular observables

• LHCb (is) will also measure Rφ, RpK, Rπ,…

• Precision limited by electron modes, can be mitigated in 
U2 thanks to
• Less material before magnet
• Higher granularity
• Use of timing 

Run1-3    U2

Scenario I and II = NP



18

Prospects for b → sℓℓ

Run1-3 LHCb U2

• Precision on angular obervables in K*ℓℓ 
similar for Belle II and LHCb Run 1-3

• Some NP scenarios hard to distinguish
without U2 !

• Precision of differential BR will be limited
by normalization mode B → J/ΨX

• ATLAS and CMS  can also play a role for 
muon final states!

HL-LHC

• LHCb/Belle II will record a large statistics of electronic final state
→ access to the photon polarization, precision of  3% (1%) with
Run3 (300 fb-1) for LHCb, Belle II can reach ~3% with 50ab-1

(statistics limited)
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b → sνν
• If b → sℓℓ anomalies are due to NP, b → sνν should also be

affected !

• Require fully reconstruct the event → only Belle II can do it

• Efficiency about x2 better compared to Belle thanks to Full Event 
Interpretation tagging algorithm (arXiv:1807.08680)

• Can be observed with few ab-1

Excluded by Belle+Babar
BR(B → Kνν)
BR(B → K*νν)
FL(B → K*νν)
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b → sττ
B. Capdevila et al, PRL 120, 181802

• Anomalies seen in LFUV suggests a special role of the 3rd family
• enhancements of τ →  μ/e and B → τ μ/e  LFV decays
• enhancements of b→sττ decays

• Very challenging experimentally

Decays SM prediction Best 90% CL UL  

B0→  (2.22±0.19) 10-8 1.6 10-3 [LHCb]

Bs→  (7.73±0.49) 10-7 5.2 10-3 [LHCb]

B → K*ττ (0.98±0.10) 10-7 -

B → Kττ (1.20±0.12) 10-7 2.25 10-3 [Babar]
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Prospects for b → sττ
• Belle II will benefit from new tagging algorithm

• LHCb will benefit from higher trigger efficiency from Upgrade I and additional tracking
stations from LS3 (+ further possible tracking improvements)
• expect limits at ~10-4 for Bs→ , 10-5 for K* 

• FCCee : Dedicated study for B → K*ττ analysis
• Make use of partial reconstruction technique to 

solve the kinematic of the decay
• Assume detector performance similar to ILD
• At baseline luminosity, assuming SM BR more than 

1000 events observables!
• Other B → τ decays should be feasible
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LFV
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B LFV decays
• Forbidden in SM : the cleanest probe for NP!
• LFUV models generally implies LFV

• eµ final state
• B → (K+)eµ limits by LHCb ~10-9 with Run1
• Other B → Xeµ dominated by B factories, limits ~10-7

• τµ final state
• B → π+/K+ τµ limits by Babar at ~10-5

• B(s) → (K)τµ limits by LHCb at ~10-5

• eτ final state
• B → π+/K+ τe limits by Babar at ~10-5

• Very difficult for LHCb
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Interpretation of the anomalies in 
terms of vector leptoquarks

All these limits can be improved by 1-2 order of magnitude by 2030
→ Start to probe very interesting NP phase space!
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Tau LFV: Belle II vs LHC

• σττ=0.9 nb ~ σbb : B factories are also τ factories
• Reconstruct the entire events
• Most of LFV analyses are background free

• σττ at the LHC about 5 orders of magnitude 
larger than at Belle II

• Reconstruct only τ decay products (no tagging)
• Use τ produced from Ds → τν (LHCb) and/or 

W→ τν (ATLAS)

EPJC 76(2016)232

• More τ analysis can be done : EDM, CPV, g-2 (see
Belle II contribution)
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From HL-LHC and HE-LHC opportunities arXiv:1812.07638

Current limits at few 10-8 dominated by Belle, expect to gain 2 orders of magnitude with Belle II

NB: In μ→e transitions, limits are at 10-13 level
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Green are published
Red are reliable estimate based on dedicated
studies
Orange are estimates with less solid fundations

Indicative benchmarks

Only FCCee can go below the level
of 10-10

At Z peak:
• FCCee:  15x1010 tau pairs
• Dedicated study gives a limit at 2 

10-9 on τ → e/µγ and <10-10 on τ → 
3ℓ

• CEPC in China: 3x1010 tau pairs
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Aim for 70% polarization
Record 20 to 40 ab-1 with polarized beam
‘New’ topic, white paper foreseen for summer 2020
Physics interests:
• Rich high precision electroweak program

→ see Roman’s talk
• Can probe dark sector
• Improve precision on τ EDM and (g-2)
• … 

Beyond current Belle II

polarization

polarized e- beam 50ab-1
 250ab-1

Working group created recently to:
• Check the impact of L=5 x Ldesign on Belle 

II  Belle III
• how much the luminosity can be 

increased before major detector 
upgrades are required?

Vertex detector upgrade

• Prepare mitigation measures to cope with 
harsher machine conditions and limited safety 
factor: relevant in period of the existing program

• Several IN2P3 labs involved
• EOI foreseen for 2021
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Conclusion

• Broad program to search for NP through MANY flavour observables in 
the coming decade

• French groups are involved in all decays presented here
• Belle II and LHCb provide complementary informations
• Expect confirmation of the anomalies in neutral currents by Belle II

• Most of measurements in rare decays will still be statistically limited
with Belle II and LHCb upgrade I 

Need LHCb U2 and Belle III even if the anomalies disappear (unlikely!)

• Only FCC-ee can allow to gain 1 to 2 order of magnitude for b → τ  and τ 
LFV decays decays
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arXiv:2002.02837

I think these aspects have to be discussed within the IN2P3 prospective, 
especially in the context of LPPR
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Backup
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observable Belle II 50 ab-1 Belle II 250 
ab-1

LHCb 50 fb-1 LHCb 300 fb-1 FCCee

R(D), R(D*) ***
polarisations

***
polarisations

***
D*polarisation

***
polarisations

***

RK, RK* ** *** ** *** ***

Other RX *** *** ***

b → sℓℓ ** *** *** *** ***

b → sνν *** *** ****

b → sττ ** *** ** *** ****

B LFV *** *** ** *** ***

τ LFV *** *** * ** ****

Limitation:
statistics
Systematics 
(often scale 
with stat)

Very uncertain 
column

Very uncertain 
column

Very rough comparison
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Activités de la communauté

• b → cℓν : CPPM, IJCLab, LPNHE  

• b → sℓℓ: IJCLab, LPNHE

• b → sνν : IPHC

• b → sττ : CPPM, IJClab

• B LFV:  CPPM, CPPM, LPNHE 

• τ LFV: CPPM, IJCLab

LHCb
Belle II
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Photon polarization
• In SM, photon from b →sγ transitions are predominantly left handed
• NP can induce right handed photons
• Several complementary approaches, bringing additional constraints with respect to BR

JHEP 1704, 027
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Photon polarization
• Angular observables of B →K*ee at low q2: AT2

• LHCb extrapolating Run1 analysis expect a 
precision of 7% (2%) with Run3 (300 fb-1) 
Belle II can reach ~6% with 50ab-1 (statistics
limited)

• Time dependent analysis of B → fCPγ
• LHCb expect 10k of tagged B0 →Ksππγ with

U2
• Belle II can also study Ksπ

0 final state, 
reaching 2% on S

• Amplitude analysis of B → Kres(→Kππ)γ
• LHCb U2 can reach 1% precision on photon 

polarisation with K+π+π- final state
• Belle II can also study K+π+π0 final state

https://arxiv.org/pdf/1709.10308.pdf
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Prospects for HL-LHC

Opportunities in flavour physics at the HL-LHC and HE-LHC, arxiv:1812.07638
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τ → µµµ @ tauFV

• « A fixed target experiment to search for flavour violation in tau decays »
• Proposal discussed in the ‘physics beyond collider’ workshops organized at CERN (here) and ESPP
• Beam dump experiment located at the SPS, upstream of SHIP

• Earliest start date : 2026-
2027 (2030 more realistic)

• B(τ → µµµ) UL down to 
~10-10

• Other τ →3l, kaon and 
charm decays can be 
studied

In SHIP:

https://indico.cern.ch/event/755856/contributions/3263687/attachments/1780043/2895575/TauFV_paula_collins_2.pdf
https://indico.cern.ch/event/765096/contributions/3295745/
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τ → µµµ @Z peak

• FCC-ee at CERN, running at Z 
peak: 15x1010 tau pairs

• Dedicated study gives a limit at 
2 10-9 on τ → e/µγ and <10-10

on τ → 3ℓ

• CEPC in China, running at Z 
peak: 3x1010 tau pairs

Talk by M. Dam at TAU 2018 
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Prospects for Belle II : tagging

• Improved tagging thanks to Full Event Interpretation tagging algorithm (arXiv:1807.08680)

Other possible improvements:
• Use of semileptonic tagging, as e.g. in Belle B→ hνν analysis (PRD 96(2017)091101)
• Use inclusive analysis (no tagging):  for B→ τµ, CLEO reached limit at 3.8 10-5 with 10fb-1 ! 

PRL93(2004)241802 (1.7x Babar)
• Additionnal tau modes

• Hierarchical approach
• MVA-based
• Highly tunable
• Already used in Belle analyses



41



42

From Belle II physics book, arXiv:1808.10567

Prospects for Belle II: B→τ
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Interpretation of the 
anomalies in terms of 
vector leptoquarks

C. Cornella, J. Fuentes-Martin, et 
G. Isidori, arXiv:1903.11517 ,
JHEP 1907 (2019) 168
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