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The protagonists …. 

including results from

LHCb, BELLE II, ATLAS, 

CMS, …



3

+

Flavour Changing Neutral Currents Flavour Changing Charged Currents

q q q q

b c

l+

νW+

Semileptonic decay (decay rate ~ 10%)Rare decay (decay rate < 10-6)

► forbidden at tree level

► heavy NP could be same order as SM
► Tree-level transition

► huge statistics available

Experimental features Experimental features

► Fully reconstructable (no neutrinos)

► Several complementary modes (exchange

of spectator quark) and observables

► due to small BR, good understanding of

backgrounds are more important

► neutrino(s) in the final state

Depending on observable, theoretically clean Theoretically uncertainties harder to control

(see Keri‘s talk)(see Admir‘s talk)

The main challenges …. 
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Complementary experimental strengths

► huge production rates

► large boost

► access to all B hadrons

► known initial state allows to

reconstruct missing energy

(e.g. Bremsstrahlung, neutral particles)

+ CMS

+ ATLAS

+ Belle

+ Babar
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q q

b → sll transitions

q q

Vector (C9) and  Axial Vector (C10) leptonic currents

dipole b → s γ * (C7)

integrating out > mW
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Observables 

box diagram always

present as well

included if experimentalist

speak about EW penguins …
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Observables 

box diagram always

present as well

included if experimentalist

speak about EW penguins …

+ BR (B0
s → µµ)
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Branching ratio: B0→K*µµ

J/ψ mode very important

high statistics control sample 

low q2 central q2 high q2
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Some branching fractions of b→s µµ decays

~ 3.6σ ~ 1.8σ
q2[GeV2/c4]

(LHCb data)

arXiv:1602.01399v2 (2021) updated predictions)
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New lattice calculations … 

here shown B+ → K+ ll

… improved precison resulted in increased tensions in low q2 region

https://arxiv.org/pdf/2207.13371 (HPQCD collaboration)

https://arxiv.org/pdf/2207.13371
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Golden mode: B0
s →µ µ

► very rare decay (additonal helicity suppression)

► theory uncertainties rather small± 4%

► sensitive to C10
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► very rare decay (additonal helicity suppression)

► theory uncertainties rather small± 4%

► sensitive to C10

CMS result moves

average closer

to SM prediction
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Angular analysis of B0→K*0 µµ decays

0
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Control channel and signal channel 

acceptance (due to detector effects, selection cuts) needs care and large yields
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Angular analysis of b→s µµ decays

Individual measurements largely in agreement with the SM predictions, 

fit to all distribution show about 3σ tension

5 fb-1 of data

about 4600 

signal candidates



16

Angular analysis of B+→K*+ µµ decays

This analysis K*+→ KS π+ ; about 740 events at 9 fb-1

… just enough to perform a full angular analysis

(K*+→ K+ π0 very hard with given statistics)

Results confirm the global tension

with respect to the SM prediction (~ 3σ).
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Angular analysis of B0
s→ ϕµµ decays

About 1900 events

Results are compatible with SM predictions (< 2σ)
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Angular analysis of b→s µµ decays

Phys. Rev. Lett. 126 (2021) 161802

JHEP. 11 (2021) 043

Theory uncertainties under scrutiny;

Non-local contributions pollute local

b→sµµ ineractions

Word of caution:

PRL 125 (2020) 011802

angular distributions are a key

tool in searches for new physics
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Competitive input from other experiments 

The combination of all experiments confirm the deviation seen by LHCb
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Competitive input from other experiments 

access to less observables

due to K+ in the final state

Too little statistcs to

Perform the full angular

Analysis (about 100 events)
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Lepton universality in b → sll transitions
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Lepton universality in rare decays

Similar efficiency and 

resolution for electrons

and muons

(exploit known inital state to compensate

lower energy resolution for electrons)
Worse resolution and trigger and

reconstruction efficiencies

Experimental very challenging, electrons

are very different from muons!
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RK and RK* at Belle

full Belle data set (0.71/ab)
muons electrons
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RK and RK* at Belle

full Belle data set (0.71/ab)
muons electrons
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expectations from Belle II physics book:

15% -- Belle

6%   -- Belle II (5/ab)

2%   -- Belle II (50/ab)

consistent with SM, but statistically limited

Mbc: beam constraint mass
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Electron vs muons at LHC

Bremsstrahlungs recovery

required to obtain (in average)

correct electron momentum

true J/ψ, fake B+

true ψ, fake B+

signal
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RK at LHCb

Nature Phys. 18 (2022) 277-282

signal channel

control channel
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RK at LHCb

Nature Phys. 18 (2022) 277-282

ratio of efficiencies electron/muon

efficiencies in signal and controll channel

very robust quantity

→ minimize systematic uncertainties
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Crutial test in control channel

K+

K+
r
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RKS at LHCb

muon electron
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Summary of LFU ratios
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Measurements are all statistical limited!
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Combined interpretation

Combination fit of all results (status Flavour Anomaly Workshop 21)
B. Capdevila, M. Fedele, S. Neshatpour, P. Stangle

with clean variables fits from

all groups agree.
difference related to different

experimental and lattice QCD inputs.
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Combined interpretation

Combination fit of all results (status Flavour Anomaly Workshop 21)
B. Capdevila, M. Fedele, S. Neshatpour, P. Stangle

with clean variables fits from

all groups agree.
difference related to different

experimental and lattice QCD inputs.

combined 4.3 σ with only clean observables

C10 will move towards

SM value with new

Bs→µµ from CMS
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Search for B+→K+νν at Belle II

Limit setting from inclusive tagged method

already competitive with 63/fb

SM prediction: (4.6 ± 0.5) x 10-6
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+

d d

b u

l+

νW+

Exclusive measurement of |Vub| 

► Most frequenty used decay mode to measure |Vub|

|Vub|
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+

d d

b u

l+

νW+

Exclusive measurement of |Vub| 

► Most frequenty used decay mode to measure |Vub|

|Vub|

► ratio of

► ratio of

Exploiting complementary modes
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Exclusive measurement of |Vub| 

Phys. Rev. Lett. 126 081804 (2021)

q2 < 7 GeV2
q2 > 7 GeV2

broad corrected mass distribution due to missing neutrino

good understanding of (huge) background needed
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Exclusive measurement of |Vub| 

► LCSR at low q2, LQCD at high q2

► LQCD in entire q2 range

Theorie input:

Phys. Rev. Lett. 126 081804 (2021)

q2 < 7 GeV2
q2 > 7 GeV2
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Exclusive measurement of |Vub| 

Phys. Rev. Lett. 126 081804 (2021)

|Vub|/|Vcb|(low)   = 0.0607 ±0.0015 (stat) ±0.0013 (syst) ±0.0008 (Ds) ± 0.0030 (FF)

|Vub|/|Vcb|(high) = 0.0946 ±0.0030 (stat) ±0.0025 (syst) ±0.0013 (Ds) ± 0.0068 (FF)

systematics dominated

by fit templates to mass

distribution and tracking

efficiencies.
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Exclusive measurement of |Vcb| 

First measurement of |Vcb| using

► measure rate relative to

► 2D fit to decay rate as a function of

and corrected mass.

Phys. Rev. D101 (2020) 072004
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Exclusive measurement of |Vcb| 

Two different methods to determine FFs yield consistent results.

|Vcb| = (41.4 ± 0.6 (stat) ± 0.9 (syst) ±1.2 (ext)) x 10-3    (CLN)

|Vcb| = (42.3 ± 0.8 (stat) ± 0.9 (syst) ±1.2 (ext)) x 10-3    (BGL)



42

Exclusive measurement of |Vcb| 

Two different methods to determine FFs yield consistent results.

|Vcb| = (41.4 ± 0.6 (stat) ± 0.9 (syst) ±1.2 (ext)) x 10-3    (CLN)

|Vcb| = (42.3 ± 0.8 (stat) ± 0.9 (syst) ±1.2 (ext)) x 10-3    (BGL)

Belle II expected to take the lead in |Vub| and |Vcb| 

measurement even with 1/ab and 5/ab
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R(Hc): LU in semileptonic decays 

Phys. Rev. Lett. 124, 1611803 (2020)

Most recent limit from Belle:
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R(Hc): LU in semileptonic decays 

Some results (muonic tau decays)

RD* = 0.336 ± 0.027 ± 0.030                                PRL 115 (2015) 111803

RJ/ψ = 0.71 ± 0.17 ± 0.18                                    PRL 120 (2018) 121801

Some results (hadronic tau decays)

RD* = 0.280 ± 0.018 ± 0.026 + 0.013 (ext. BR)     PRL 1120 (2018) 171802

RΛc = 0.242 ± 0.026 ± 0.040 + 0.059 (ext. BR)     PRL 128 (2022) 191803

(2σ from SM)

(2σ from SM)

(1σ from SM)

(1σ from SM)

Measurements at LHCb are systematically limited!
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Summary

Semileptonics and rare decays are excellent new physis probes

Tensions in b→ sll t seen by LHCb and in R(D and R(D*) at BELLE still out for verification. 

Waiting for confirmation by other measurements (more data, new methods, other experiments).

.

Run 3 just started, commissioning of the

experiment ongoing right now.

Expect 5 times more data in Run 3+4 with

and even better detector!
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Thank you for your attention!
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Exclusive measurement of |Vcb| 

First measurement of |Vcb| using

► measure rate relative to

► template fit to decay rate as a function of

which is related to ω and corrected B mass

(ω: hadronic recoil – Lorentz boost of D in the B rest system)

Phys. Rev. D101 (2020) 072004

physics backgrounds


