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New Physics in Flavor Physics
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Effective field theory framework
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(Assuming no light new field …)



Scale of New Physics
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Scale of new physics in flavor physics is usually quite high 
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Scale of New Physics
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My personal view with bias

SM Yukawa remains the only 
source of flavor breaking



B Anomalies
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Until B anomalies (if it is new physics) ….



New Physics around TeV Scale?!
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New source of flavor breaking? Yes, but in lepton sector!
Lepton flavor universality is violated. (LUV)

lepton number violation is not relevant

Estimate scale of B-anomalies processes

Lepton flavor violation (LFV) is not necessary

(µ ! e� is strongly constrained)

⇤ = 4⇡v
e

1p
2|VtbV ⇤

ts|
⇠ 35 TeVLb!s``

e↵ = �VtbV ⇤
ts

↵em
4⇡v2

P
Cbs``

i Obs``
i + h.c.

NP d.o.f accessible at LHC if their couplings to bs and/or µµ is suppressed

Or loop-level induced coupling ! ⇤ = 35 TeV
4⇡ = 2.8 TeV

New Physics is at TeV scale, LHC accessible!



RK: Low Energy EFT

!8Global fit favors C9 and/or C10

Straub



RK: Match to SM EFT
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Simplified Model Classification: 

Match to SM EFT (necessary step if linking to UV)

Many papers ….



RD: EFT and Simplified Model
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Simplified Model Classification: 
1805.03209



Explain Both RK and RD
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b ! s⌫⌫

b ! s⌫⌫

b ! s⌫⌫

Simplified Model Classification: 



Simplified Model
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Three options to explain both Anomalies 

G221 model

Leptoquark (UV: Pati-Salam)

Z’ + H’ Kaori Fuyuto, Hao-Lin Li, J.-H. Yu, PRD 97 (2018) 115003

Hsieh, Schmitz, J.-H.Yu, Yuan, PRD 82 (2010) 035011

Boucenna, Celis, Fuentes-Martin, Vicente, Virto, PLB 760 (2016) 214

Hao-Lin Li, J.-H. Yu, Work in progress

Bauer, Neubert, PRL 116 (2016) 141802

Barbieri, Isidori, Pattori, Senia, EPJC 76 (2016) 67

Partial lists of references …. 
(There are also other options)



Hidden Gauged U(1) Model
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Motivated from neutrino mass and dark matter

Explain RK and RD anomaly
Kaori Fuyuto, Hao-Lin Li, J.-H. Yu, PRD 97 (2018) 115003



Flavor Sector
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Lepton sector: new lepton only couples to 2nd generation

No lepton flavor violation

Violate lepton flavor universality

Quark sector: new quark couples to SM quark via MFV

Yukawa mixing similar to 
SM Yukawa



Inert Doublet Yukawa
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Inert doublet

Only couples to 3rd generation:



Global Fit on RK
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Global Fit on RK

!17

D. Straub, Flavio 1810.08132

Markov Chain Monte Carlo

+



Global Fit on RK
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Energy Distribution
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Energy Distribution



Constraints
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Parameter Space and B-B Mixing
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Constraints
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Light hidden Z’

Muon g-2?



Constraints
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Heavy hidden Z’



Charged Higgs to Explain RD
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Explain RD
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Combined Parameter Space
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Signatures
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WIMP Dark Matter Signature: indirect, direct, LHC searches

Z-prime and charged Higgs searches at the LHC

For light Z-prime, muon g-2 signature?



Conclusion
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• B anomalies could be at TeV scale

• Classify all possible new particles

• Only few options to explain RK&RD

• Propose hidden gauged U(1) Model



Thanks very much!
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