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The Standard Model 
A story of success 
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The Standard Model 
A story of success 



• …fermion masses? 

The Standard Model 
Are we done? 

No idea of how!  

• …dark matter? 
 

• …CP violation? (big enough to deal with Bariogenesis) 

Are neutrinos also getting mass the same way? 

What about… 
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• …quantum corrections (to the Higgs mass)? 

The Standard Model 
Are we done? 

What about… 

= 125 GeV 

Set by quantum gravity Set by EW scale physics 

How can these two numbers be SO similar? 
A more NATURAL situation would be having both to be set at the EW 
scale: 

But that means NEW PHYSICS at the TeV scale 
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Physics Beyond the SM (BSM) 
In most cases there is a DECOUPLING LIMIT where, by making the 
scale Λ associated with the new physics very big, one gets: 
• A theory increasingly SIMILAR to the SM. New physics effects 
DECREASE with INCREASING Λ. 
 
 

 
• A re-introduction of the hierarchy problem 

e.g.: 

= _ 

The cancelling is only good if                  mt mt ~ _ ~ 

Precision measurements 

Agreement with SM 
Pushes Λ away! 
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The search for BSM signals 
SUSY (simplified model) 
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The search for BSM signals 
Exotics (a.k.a. non-SUSY) 

Many of these 
limits can be 
directly used to 
restrict 
composite 
model 
resonances in 
specific models  
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The search for BSM signals 
SUSY (simplified model) 

The devil in the details 
Mass range exclusions 
don’t apply uniformly on 
the model’s parameter 
space and are not effective 
to all models 

Crafty theorists can hide 
light particles away! 



Effective Field Theories 

E  
Λ  mt mh mZ mW 

the unknown   
What we do know 

SU(3)c x SU(2)L x U(1)y 
e.g.: 

Higher dimensional  
operator 
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Effective Field Theories 

E  

Λ  mt mh mZ mW 

We can then approach the problem in the following way: 

Unknown UV can generate all Higher Dimensional Operators that…  
 

59 dimension 6 operators (baring flavor and Hermitian conj.) 
1 dimension 5 operator (Majorana Mass for neutrinos) 
 

 
• Are built only of known fields (no new particles below Λ) 
• Are invariant under  SU(3)c x SU(2)L x U(1)y 
• Conserve barion and lepton numbers 
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Lepton Flavor Violation 

The mass and interaction matrices are not diagonal at the same 
time! 
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Dim 4 

Dim 6 



Lepton Flavor Violation 
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In the mass basis we have: 

Contributes to a lot of flavor violating processes, e.g.: 



Lepton Flavor Violation 
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Bounds from flavor 
violating processes 

arXiv:1209.1397 



Lepton Flavor Violation 
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One can than use the 
allowed size of yµτ to look for 
flavor violating Higgs decays: 

R. Harnik et al., arXiv:1209.1397 



Lepton Flavor Violation 
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One can than use the 
allowed size of yµτ to look for 
flavor violating Higgs decays: 

CMS-PAS-HIG-14-005 

2.5σ excess 

Limit on previous plot 
(arXiv:1209.1397) 

Atlas recently released similar results 
(arXiv:1508.03372) 

or 



Lepton Flavor Violation 
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On the LFV case, we found out that most UV theories also generate 
one or both of the dipole operators:  



Lepton Flavor Violation 
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On the LFV case, we found out that most UV theories also generate 
one or both of the dipole operators:  



Lepton Flavor Violation 
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Leonardo de Lima, Camila S. Machado, R. D. M., Leônidas A. F. do Prado, arXiv:1501.06923 



Simple UV models 
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Composite Sector (vector like heavy leptons): 

-0.6 

NOT responsible for  



Simple UV models 
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SUSY (MSSM): at large tan(β) = v2/v1, LFV is dominated by: 

(a) → 

Interplay between c4H and c6γ (very similar to c6H vs c8γ): 

Add photon here! 



Simple UV models 
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SUSY (MSSM): at large tan(β) = v2/v1, LFV is dominated by: 

NOT responsible for  



Simple UV models 
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Higgs portal: 

C8γ is loop suppressed in relation to c6H (c6γ even more!) 



Simple UV models 
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Higgs portal: 

MAYBE responsible for 

This is not DM! 



Conclusions 
• Model independent searches! EFTs are a good meeting point for 
theorists and experimentalists 

Λ  

9/17/2015 HFV as a Signal to Discriminate Models - R.D.Matheus 

• LFV: possible sign in CMS and ATLAS.  UV models generally generate 
dipole operators (c6γ and c8γ) correlated to the dimension 6 FV 
operator (c6H), and these heavily restrict Higgs FV decays. 

• Composite Fermions and MSSM (at large tan(β)) are disfavored by 
this signal. Higgs Portal model is favored (also 2HDM* and 2HDM-like 
SUSY) 
* 2HDMs may have FV at tree level through dimension 4 operators, important even in the decoupling 
limit. 



Thank You! 





τ → µ γ 
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Composite (extra) 

9/17/2015 HFV as a Signal to Discriminate Models - R.D.Matheus 



MSSM (extra) 
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SUSY (MSSM): at large tan(β) = v2/v1, LFV is dominated by: 

Add a  
photon 



Simple UV models 
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SUSY (MSSM): at large tan(β) = v2/v1, LFV is dominated by: 

NOT responsible for  
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