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The standard model (SM) has been successful in describing data on 
flavor-changing neutral currents and CP violaton in the quark sector.

This motivates the formulation of the principle of minimal flavor violation 
for quarks: Yukawa couplings are the only sources for the breaking of 
flavor and CP symmetries. 
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The standard model (SM) has been successful in describing data on 
flavor-changing neutral currents and CP violaton in the quark sector.

This motivates the formulation of the principle of minimal flavor violation 
for quarks: Yukawa couplings are the only sources for the breaking of 
flavor and CP symmetries. 
    

It is interesting to extend the MFV principle to the lepton sector

which may help pin down the origin of neutrino mass

although the are ambiguities in implementing leptonic MFV.
   

Another major mystery is the identity of the constituents of dark matter.
    

It is then also of interest to explore scenarios that address the neutrino 
and DM puzzles simultaneously.

We do this with lepton-flavored scalar DM

in analogy to quark-flavored DM with MFV.  
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Kinetic terms of SM fermions plus three RH neutrinosKinetic terms of SM fermions plus three RH neutrinos

Chivukula & Georgi
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Mass terms of SM fermions plus three RH neutrinosMass terms of SM fermions plus three RH neutrinos

D’Ambrosio et al.
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Lepton MFV in SM plus 3 RH neutrinosLepton MFV in SM plus 3 RH neutrinos

D’Ambrosio et al., 2002
Cirigliano et al., 2005
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Lepton MFV with Majorana neutrinosLepton MFV with Majorana neutrinos

Casas & Ibarra
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Lagrangians beyond SM with MFV built-inLagrangians beyond SM with MFV built-in



Lepton-flavored scalar triplet                                                                    Lepton-flavored scalar triplet                                                                    
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DM relic density & annihilationDM relic density & annihilation
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Higgs experiment & DM direct search constraintsHiggs experiment & DM direct search constraints

If  2mSk 
< mh,  the hSk couplings must satisfy the limit on the branching ratio 

B(h  → invisible/exotic) < 19%  from collider data.

DM direct search constraints apply only to the hS3 coupling, λ3.

Falkowski, Riva, Urbano
Giardino et al.
Belanger et al.

Cheung, Lee, Tseng
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Results for  Results for  λλ33

We assume the neutrino mass inverted hierarchy with m3 
= 0,  require the largest 

eigenvalue of A to have a size of 1, and pick                                                      

for    

Values of |λ3| satisfying the relic constraint (green solid curve) compared with 
upper limits on |λ3| from Higgs invisible/exotic decay data (dotted black curve) 
and from LUX (red dashed curve).

    

Hence the λ3 contribution to the                                                                  
relic density is small for                                                                               
mSk 

< O(100 GeV)  except near                                                                  

mh/2. 

PDG 2014
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Effective dimension-six lepton-S couplingsEffective dimension-six lepton-S couplings
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Effective dimension-six lepton-S couplingsEffective dimension-six lepton-S couplings
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Effective couplings satisfying relic dataEffective couplings satisfying relic data

The effective dimension-six operators (OL, OR, and OLR) contribute to S3 
annihilations into  ll11ll22 and (for OL,R) ν11ν22  pairs.

They need to be consistent with the observed relic abundance.

PDG 2014



J Tandean 31 October 2014 18

Effective lepton-S couplings satisfying relic dataEffective lepton-S couplings satisfying relic data

The effective dimension-six operators (OL, OR, and OLR) contribute to S3 
annihilations into  ll11ll22 and (for OL,R) ν11ν22  pairs.

They need to be consistent with the observed relic abundance.

In the orange region, corresponding to  2πΛ/|κ|1/2 < mS2, the effective theory 
description breaks down.    

PDG 2014

Goodman et al.
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Constraints from flavor-changing lepton decays                  Constraints from flavor-changing lepton decays                  

The effective dimension-six l'l S'S ouplings can also induce,                                
at one loop, flavor-changing lepton decays  ll11

 →→  ll2 2 ll3 3 ll44
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The κLR contributions consistent with the relic density data are well                      

above the lower limit inferred from experimental bounds on these decays.    
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Constraints from flavor-changing lepton decays                  Constraints from flavor-changing lepton decays                  

The effective dimension-six l'l S'S ouplings can also induce,                                
at one loop, flavor-changing lepton decays  ll11

 →→  ll2 2 ll3 3 ll44

The κLR contributions consistent with the relic density data are well                      

above the lower limit inferred from experimental bounds on these decays.    

But the corresponding κL contributions are in conflict with the flavor-violating 

decay data if mSk 
> 500 GeV.

The red solid curve indicates the                                                                  
lower limit from B(μ → 3e) data.    
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Potential implications for  Potential implications for  hh    μ τμ τ

CMS recently observed a slight excess of h  μ τ  at 2.5σ

If a signal,  B(h  μ τ) = 

If a statistical fluctuation,  B(h  μ τ) < 1.57% at 95% CL.

Other data from ATLAS & CMS, respectively:

h  τ τ  
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Potential implications for  Potential implications for  hh    μ τμ τ

CMS recently observed a slight excess of h  μ τ  at 2.5σ

If a signal,  B(h  μ τ) = 

If a statistical fluctuation,  B(h  μ τ) < 1.57% at 95% CL.

Other data from ATLAS & CMS, respectively:

h  τ τ  

    

At one loop, Sk can contribute to  h  μ τ  mainly via

The Sk contribution yields  

0.52% < B(h  μ τ) < 0.79%  with  ‒λ1,2 ~ 2.4 - 7.2  and  λ3 ~ 0  if  κLR =1  and  

(mSk 
,Λ) ~ (70-200,78) GeV.

 

B(τ  μ γ) over 30 times below its experimental limit.   
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ConclusionsConclusions

We have explored scalar DM that is a member of a lepton flavor triplet 
within the framework of leptonic minimal flavor violation.

The theory includes the type-I seesaw mechanism and has a Z2 
symmetry added to stabilize the DM candidate. 

The new scalars couple to SM particles via renormalizable interactions 
and to leptons through effective dimension-6 operators.

We considered constraints on the scalars from the Higgs data, observed 
relic density, DM direct detection experiments, and searches for flavor-
violating charged-lepton decays. The allowed parameter space can be 
probed further with future data.

The new scalar interactions can roughly account for the CMS tentative 
hint of h  μ τ. 
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