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Flavor physics is leaving a golden experimental era
e Multi-scale probes of flavor interactions in (B)SM
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Anomalies involving lepton flavors!

e B-decay anomalies e Muon’s (g —2),
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Breaking News: Evidence is mounting that a tiny subatomic
particle is being influenced by forms of matter and energy that

are not yet known to science but which may nevertheless
affect the nature and evolution of the universe,
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Reminder about LUF in the SM

e The interactions in the SM are almost LU
o The gauge interactions are LU
o The yukawa interactions are LUV

LU test: The flavor transition rates must be equal up to the contributions of:
e Yukawa couplings: Negligible
e Masses of leptons: Not always negligible but calculable!




First LUV anomaly: Rates inCC b — ctv
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' There is an enhancement at 3.60 in the CC bctr couplings!
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The SM prediction of the R+ LU ratios
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Hadromc effects cannot describe the data! ]ff
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The BSM interpretation of the data in the EFT

e Recall the general Lagrangian for CC interactions
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o Recall: € is LU because SMEFT matching! = RH in quark bilinear cannot explain anomaly
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Testing the anomaly: 5. — 71

e What about pure scalar contributions? (e.g. produced by charged higgs)

e Connected by crossing to anomalies e Needed NP leads to wrong B lifetime
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Flavor physics in the LHC

e Crossing symmetry again
o The scale of NP is at TeV! Can be probed at the LHC

° There are virtual b and ¢ quarks in the proton!

© Same EFT can be used for collider pheno
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e No-loose theorem for discovery of NP at LHC

o Almost all NP scenarios can be accessed at HL-LHC

o If confirmed, we could discover NP within next 10 yrs!



Second LUV anomaly: Rates in FCNC b — suu
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The EFT for b — s¢
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The B — K*( — Krn)u™u~ decay: Observables

¢ 4-body decay = Very rich phenomenology

e 12 qz-dependent angular observables
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The B — K*( — Kr)u™u~ decay: Hadronic uncertainties

e Complicated interplay of short- and long-distance physics

q° [GeV?]

> { form factors » “Charm” contribution

Cgff
P
AP m% - MpMg ~_ F
Hy(A) = —’N{ Co Vi e hx 7z C7 TLA}

Ha(A\) = —iNCig V.

» Only Ct'" is observable!
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The LU ratios

e Leptons do not feel strong force

o Kinematics wide enough to suppress masses (mi/ q2 < 1)
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Fit to theoretically clean observables

Main results

p-value (SM) =7.6 x 102
(40 tension of SM with data)

p-value (BSM) = 0.27
BSM better than SM by ~ 4.94!
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Impossible to understand within the SM

Really New Physics?! ...
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.y Or statistical fluke?! (4¢)

Or an experimental problem?!




Simplified models for the b — sy anomaly

Current-current interpretation!
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@ UV completions: Z”’s and leptoquarks
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@ Extra bounds from low energy e.g. Z’

» Bs-Bs mixing » Neutrino trident production
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» Requires small Z’bs coupling! (e.g MFV) » Controls Z’p . coupling!



Combined NP explanations of both LU anomalies

e Important observation: Both anomalies ...

1. Involve the CC and FCNC semileptonic transitions of the b quark

2. Involve violation of LU hierarchically (A, < A, < A,): MFV-like flavor violation?
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e Almost only one posibility: The vector leptoquark
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Conclusions about anomalies

“Extraordinary claims require Extraordinary evidence”
— C. Sagan

Approaching that level at LHCb in “Rx”
Wait to Belle |1 ... (~ 2027)



