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Flavor anomalies observables:


 , , branching fractions and angular observables of B-meson 
decays

Parameterising the new physics (NP) in terms of four-fermion contact 
interaction
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Well-known solutions:


• Scalar leptoquark


• Vector leptoquark


• U(1)X



 Generic  coupling for the flavor anomalies




   


Z′ 

ℒ ⊃ Z′ ρ (gsb
L s̄γρPL b + gsb

R s̄γρPR b + gμμ
L μ̄γρPL μ + gμμ

R μ̄γρPR μ) + H.c.

Cμ
9,NP = − 2

gsb
L gμμ

V

VtbV*ts ( Λv

mZ′ 
)

2
Cμ

10,NP = − 2
gsb

L gμμ
A

VtbV*ts ( Λv

mZ′ 
)

2

gμμ
V = (gμμ

L + gμμ
R )/2 , gμμ

A = (gμμ
R − gμμ

L )/2 , Λv = ( π
2GFαem )

1/2

Abhishek Chikkaballi 3

Minimal  modelsZ′ 

Only marginal improvement in the 
fit with  and C′ 9 C′ 10

Kowalska, Kumar, Sessolo, arXiv: 1903.10932 
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 is an effective coupling:


 ,
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Minimal  modelsZ′ 

Model 1: VL Lepton mixing
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Model 1A:   
Model 1B:   

L : (1, 2, − 1/2,QL) L′ : (1, 2̄,1/2, − QL)
QL = QS
QL = − QS

∼ gμμ
L



Model 2: Direct lepton coupling with                
 Symmetry





Lμ − Lτ

gμμ
V = gX gμμ

A = 0
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l1 : (1, 2, − 1/2,0) eR : (1, 1,1,0)
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Minimal  modelsZ′ 

Model 1:  


Model 2:  
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Problem: The constraints are only on the ratios of mass/couplings?

 No prediction for the NP scale

Solution: Asymptotic safety?
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Asymptotic Safety
Coupling constants are scale dependent



Landau pole:  


         Needs UV 

         completion

g(q) → ∞ as q → q0
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Asymptotic Safety
Coupling constants are scale dependent Asymptotic freedom: g(q) → 0 as q → ∞

Asymptotic safety: as {gi} → {g*i } q → ∞
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Asymptotic safety with gravity
Quantum-Gravitational contribution

In principle via FRG


Universal: Does not distinguish internal symmetry

Gauge coupling: 


Yukawa coupling: 

βg = βSM+NP
g − fgg

βy = βSM+NP
y − fyy

Daum, Harst, Reuter '09, Folkerst, Litim, Pawlowski '11, 
Harst, Reuter '11, Christiansen, Eichhorn '17, Eichhorn, 
Versteegen '17, Zanusso et al. '09, Oda, Yamada '15, 
Eichhorn, Held, Pawlowski '16, ... 
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Fixed point properties:


         


Stability Matrix           Critical Exponents

βi({gi}) = 0 Mij = ∂βi

∂gj {g*i }

⟶ {θi}



Couplings pertinent to flavor 
anomalies:


SM: 

NP: 


With 2 family approximation

g3, g2, gY, yb, yt, V33
gD, gϵ, λQ,2, λQ,3, λL,2
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Fixed Point Analysis

Relevant couplings

g*3 = g*2 = y*b = V*33 = 0

Irrelevant couplings






g*Y ≠ 0, y*t ≠ 0
g*D ≠ 0, g*ϵ ≠ 0
λ*Q,i ≠ 0, λ*L,2 ≠ 0
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Fixed Point Analysis

Predictions vary based on the 
models and the fixed points

CC values at k0 = 2 TeV

Relevant couplings

g*3 = g*2 = y*b = V*33 = 0

Irrelevant couplings






g*Y ≠ 0, y*t ≠ 0
g*D ≠ 0, g*ϵ ≠ 0
λ*Q,i ≠ 0, λ*L,2 ≠ 0



    Model 2

    Model 1B

⟹ mZ′ 
> 3.9 TeV

mZ′ 
> 4.7 TeV
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Phenomenology
Model 1B

Model 2
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Model 1A:

No direct constraint from kinetic mixing
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Phenomenology

λQ2 = 0.016 λQ2 = 0.803

Model 1A,b:

Collider searches:  mZ′ 

> 5 TeV



Model 1A,a:

Constraints by recasting SUSY particle searches
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Phenomenology



• U(1)' solutions to NC flavor anomalies embedded in a UV completion 
with asymptotic safety


• The RGE flow of "irrelevant" couplings from a UV fixed point gives 
IR predictions -> U(1) gauge couplings, kinetic mixing, Yukawa couplings


• Comparison with operators of the EFT restricts allowed mass ranges for Z' + 
VL fermions


• Enhanced predictive power w.r.t. pure pheno models -- direct LHC constraints 
bite deeply in parameter space


• Enticing detection prospects at Hi-Luminosity LHC
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Conclusion
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