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Anomalies in rare semileptonic b-meson decaysAnomalies in rare semileptonic b-meson decays

                                   Capdevila et al., 2017
                            Altmannshofer et al., 2017

D'Amico et al., 2017
.  .  .  .  .  .  .
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bb      ssℓℓℓℓ operators operators

Relevant effective operators respecting SM gauge symmetry

   

   

Operators with (pseudo)scalar or tensor structures are not favored by the 
data.

One could explore O1 and O2 within the framework of so-called minimal 
flavor violation (MFV) 

with MFV implemented in both their quark and lepton parts

without considering the underlying new physics.

                                     Hiller & Schmaltz, 2014
                                           Alonso et al., 2014
                                 Altmannshofer et al., 2017

                                   Lee & JT, 2015
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Minimal flavor violationMinimal flavor violation

The standard model has been successful in describing the current data on 
flavor-changing neutral currents & CP violation in the quark sector.

This motivates the hypothesis of MFV for quarks: Yukawa couplings are 
the only sources for the breaking of flavor & CP symmetries.

Effective field theory approach with MFV.
   

The notion of MFV can be extended to the lepton sector

which may help pin down the origin of neutrino mass

but there are ambiguities in implementing leptonic MFV.

We consider a Z' boson scenario with MFV in the Z' fermionic couplings

MFV is imposed in both the quark and lepton sectors

The lepton sector involves the type-I seesaw mechanism with 3 degenerate heavy 
right-handed neutrinos.

Chivukula & Georgi, 1987
Hall & Randal, 1990

     
Buras et al., 2001

D'Ambrosio et al., 2002

Cirigliano et al., 2005

Davidson & Palorini, 2006
Gavela et al., 2009

He, Lee, JT, Zheng, 2015
. . . . . . .
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Flavor symmetryFlavor symmetry
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Flavor spurion combinationsFlavor spurion combinations

Casas & Ibarra, 2001

Colangelo et al., 2009
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Z' with MFV couplingsZ' with MFV couplings

The desired NP operators need to be invariant under the flavor rotations 
and SM gauge symmetry.
   

   T

  q  q'ℓℓ'  

The Z' couplings to SM fermions also generate 4-quark and 4-lepton 
effective interactions which are subject to various constraints.
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Constraints on diquark-dilepton couplingsConstraints on diquark-dilepton couplings

     effective Lagrangian responsible for b  sℓℓ' 

        

Analogous formulas for  b  dℓℓ'  and  s  dℓℓ' 
      

We adopt the global fit result (at 2)

       cee = 0 ,    ‒1.00 ≤ cμμ ≤ ‒0.32

implying  (ℓ)11 = 0

Altmannshofer et al., 2017
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Nuclear μ  e conversion may restrict the uuμe and ddμe couplings, but 
the current experimental bounds are not yet stringent enough.

Constraints from LEP data on e+
 e− qq are evaded because  (ℓ)11 = 0.

LHC measurements on pp   ℓ+ℓ− are not yet restrictive.

Constraints on diquark-dilepton couplingsConstraints on diquark-dilepton couplings
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Constraints on 4-quark couplingsConstraints on 4-quark couplings

At tree level, the Z' contributes to                                                                     
|ΔF|=2 meson mixing

The sum of SM and Z' contributions to Bd(s) mixing yields    

Experimental & SM values

Assuming 2 ranges leads to

Kaon-mixing data yield a somewhat weaker bound.
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Constraints on 4-lepton couplingsConstraints on 4-lepton couplings

The Z' induces charged-lepton-flavor violation at the tree and loop levels.

The experimental bounds on    e  and    3  can be important

The loop-level Z' contribution cannot explain the muon g-2 anomaly, but 
does not lead to a strong constraint.
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Choices for leptonic MFVChoices for leptonic MFV
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Leptonic Dirac phase & Leptonic Dirac phase & bb      ssμμμμ coupling coupling

From scans over 2 ranges

Data from  Esteban et al., 2017

The IO scenario is preferred over NO

Required value
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Sample distributions of charged LFV decaysSample distributions of charged LFV decays

Ratio of calculated branching fraction to its experimental upper limit versus c.

Some of these examples are also predictions of the model potentially testable in 
the near future.
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Predictions for Predictions for 
lepton-flavor-violating lepton-flavor-violating 

B and K decaysB and K decays

Interestingly, the predictions for
a few of the modes are within 2 
orders of magnitude from their 
experimental bound and thus 
may be probed in near-future 
searches.
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Predictions for lepton-flavor-violating Z decaysPredictions for lepton-flavor-violating Z decays

The eτ and μτ predictions can be less than 20 times below their respective experimental 
bounds and hence may be within the reach of upcoming searches

X ≡ Z'
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ConclusionsConclusions

If the recently observed b  sℓℓ  anomalies are new physics signals, it is 
possible that they arise from a Z' boson which interacts nonuniversally 
with SM fermions according to the hypothesis of minimal flavor violation. 

The application of MFV allows us to establish links among various lepton-
flavor-violating decays, as well as the neutrino sector, and make 
predictions for some of these decay modes which may be testable soon. 
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