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Brief theory overview/challenges
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CKM-ology

Fix the CKM matrix entries through tree-level decays and over-constrain 
loop-induced ones (progress through th. and exp. precision):
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See talk by Vincent Tisserand
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CKM-ology

Open questions: 
● Exclusive vs. inclusive Vcb 

and Vub.

● Is Vud under control?

● What about Vus (Kμ2 vs. Kl3)?

Many questions to be clarified...
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Inclusive vs. exclusive: Vub  and Vcb

See talk by Ludovico Vittorio

Still an open issue...

● Long-standing discrepancy...

● Vcb plays an important role 
in the predictions of FCNC:

[2206.07501]

NB. Introduces an ambiguity 
(≈10%) in the SM prediction 
of FCNC processes such as 
B(B→K(*)νν).
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First-row CKM unitarity 

More information (exp. and th.) needed to solve this issue

● Significant discrepancies 
between nuclear 𝛽-decays 
and (semi)leptonic kaon 
decays:

→ Are nuclear effects under 
control?

● Mild deviation from unitarity 
also in Kμ2/𝝅μ2  vs. Kl3.

→ Need to control radiative 
corrections! LQCD simulations can 
already account for QED effects in 
leptonic 𝝅 and  K decays! 
                            [1711.06537]

[2111.05338]
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Seeking New Physics with rare B-decays
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Theoretical Framework: b→sℓℓ

See talks by Meril Reboud and Aleks Smolkovic
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Lepton Flavor Universality Violation?

Theoretically clean observables! See talk by Saad Nabeebaccus 

Needs clarification (Belle-II and LHCb run-II)
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Global b→sℓℓ fits
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Global b→sℓℓ fits
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[NEW] Bs→𝝻𝝻 and b→sℓℓ fits

2210.07221
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LFU violation in b→c𝛕𝝼

see e.g. [2103.12504]
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Angular observables - b→c𝛕𝝼 

Many more opportunities in other modes:

Example:

Forward-backward asymmetry Lepton-polarization asymmetry

[2012.09872]

[1907.12554, 2209.13409][1602.03030, 1907.02257, 2104.02094...]
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From B-physics to kaons

Projection A: Assuming SM as the central 
values

Projection B: Assuming the best-fit values 
from the current fits as the central values

It is natural to expect that the NP effects in B-meson decays would also impact 
operators contributing to kaon decays.

Global picture:

→  Effective probe of NP in the muon sector!

Need to achieve a better accuracy in the theoretical computation of KL→𝜇𝜇

[2206.14748]

[1705.10729, 1802.00786, 2005.03734, 2206.14748]...

Relevant operators:



16

Flavor physics at high-pT

See talk by Felix Wilsch!

LHC is also a flavor experiment!
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Experimental challenges and new results
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LHCb vs Belle II

● High vertex resolution (VELO)

● Good PID capabilities (RICH, Calo, Muon)

● Hadronic environment, low trigger efficiency

● Forward detector, no hermiticity

● σ (pp → bb) ~ 144 µb (13 TeV) in 2 < η < 5

● 3 fb-1 at 7 TeV + 6 fb-1 at 13 TeV

● e+e- collisions at 10.58 GeV (ϒ(4S) resonance)

● ~ 430 fb-1 collected

● Clean environment, high trigger efficiency

● Hermetic detector, missing energy recovered

● World-record luminosity (4.7 ᐧ 1034 cm-2 s-1)

● Lower production cross-section σ(e+e- → ϒ(4S)) ~ 1 nb
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Recent results and prospects for Vub  and Vcb 

● LHCb measured the ratio |Vub|/|Vcb| [arXiv:2012.05143]

○ Exclusive B0
s → K- μ+ 𝜈 and Λ0

b → p μ- 𝜈
○ Expected precision of ≲ 1% with full LHCb dataset 

(300 fb-1) [arXiv:1808.08865]

● … and |Vcb| with exclusive B0
s → D(*)-

s  μ
+ 𝜈 [arXiv:2001.03225]

○ |Vcb|CLN = (41.4 ± 0.6 ± 0.9 ± 1.2) ᐧ 10-3

○ |Vcb|BGL = (42.3 ± 0.8 ± 0.9 ± 1.2) ᐧ 10-3

● Recent measurements also by Belle II:

○ |Vub| from B → π e 𝜈: |Vub| = (3.88 ± 0.45) × 10−3

○ |Vcb| from B → D* l 𝜈: |Vcb| = (37.9 ± 2.7) × 10−3

○ |Vcb| from B → Xc l 𝜈: |Vcb| = (41.69 ± 0.63) × 10−3

● Expected precision of O(1%) with full Belle II dataset 

(50 ab-1)

B → π l 𝜈

[arXiv:1808.10567]

https://arxiv.org/abs/2012.05143
https://arxiv.org/abs/1808.08865
https://arxiv.org/pdf/2001.03225.pdf
https://indico.fis.agh.edu.pl/event/120/contributions/319/attachments/252/480/Beach22_Belle2_Semilept_Rare.pdf
https://arxiv.org/abs/1808.10567
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R(D) and R(D*) measurement at LHCb

● Run 2 measurement ongoing in this and other channels

● See talk by Gaya Benane!

● First R(D) and R(D*) combined measurement at a hadronic machine (3 fb-1)

● Main challenges: 

○ Missing energy from neutrinos, no narrow peak → three-dimensional fit in Eμ, m
2

missing, q
2

○ Background from partially reconstructed and misidentified B decays

○ Generation and validation of simulated samples

● 1.9 (3.2) σ agreement between this measurement (new average) and SM prediction

https://indico.cern.ch/event/1187939/attachments/2530158/4355180/DTaunu_CERNSeminar.pdf
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B0
(s) → l+ l- (γ)

● Recent updates from LHCb and CMS on 

B0
(s) → μ+μ- (γ)

● See talk by Camille Normand!

● Upper limits on B0
(s) → e+e- and B0

(s) → τ+τ- provided by LHCb

● See talk by Gilberto Tetlalmatzi-Xolocotzi!

[arXiv:2003.03999]

[arXiv:1703.02508]

https://arxiv.org/abs/2003.03999
https://arxiv.org/abs/1703.02508
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LFU tests in rare decays
● Several LFU tests in b-hadron decays performed at LHCb
● R(K) shows 3.1 σ discrepancy w.r.t. SM predictions
● Overall trend observed in LFU ratios, updated measurements ongoing

● First measurement of B → K* l+l- branching ratios at Belle II
● Results in agreement with world average, updates ongoing

https://docs.belle2.org/record/2876/files/BELLE2-CONF-PROC-2022-007.pdf
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Lepton Flavor Violation

● New limits on LFV modes @ 90 % (95 %) CL:

● No sign of LFV yet, we keep searching!

B0 → K*0 𝜏 μ

B0
s → 𝜙 μ e

B0 → K*0 μ e

[2103.12504]

● From LFUV to LFV: 

[1411.0565, 1602.00881...]

[arXiv:2207.04005]

[arXiv:2209.09846]

https://arxiv.org/abs/2207.04005
https://arxiv.org/abs/2209.09846
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Search for the B → K 𝜈 𝜈 decay
● Crucial complementarity to b → s l+ l- searches
● Golden channel for Belle II:

○ Missing energy from neutrinos → full reconstruction of the event needed
○ Expected O(10%) uncertainty with 50 ab-1 → Approaching precision regime!

● Updated measurements ongoing in several channels!

● See talk by Lucas Martel and Jacopo Cerasoli!

ℬ(B+ → K+ 𝜈 𝜈) < 4.1 x 10-5 @ 90 % CL

[arXiv:2104.12624] 

https://arxiv.org/abs/2104.12624
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Rare charm decays

?????
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Rare charm decays
● Complementarity with b → s l+ l- searches

● LHCb has produced world leading measurements in 
muon modes:

● First observation (h=π,K) with 2012 data (2 fb-1)  
[Phys. Rev. Lett. 119, 181805]

● Measurement of selected angular and CP asymmetries 
with Run 1 + 2016 data (5 fb-1) [Phys. Rev. Lett. 121, 
091801]

● And first full angular analysis of a rare charm decay -> 
search for CP violation! [Phys.Rev.Lett. 128 (2022) 22, 
221801]

● What about electron channels? → See talk by Alessandro Scarabotto!

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.181805
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.181805
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.091801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.091801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.221801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.221801
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Summary

● Rare, radiative and semi-leptonic B decays are rich channels

● Charm and Kaon physics offer important complementarity 

● Rich phenomenology, from MeV to TeV range

● Exciting experimental results coming out!

Thank you!


