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Motivation
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• Higgs discovery                Higgs precision measurements

• Patterns of deviations in Higgs signals may shed light on underlying 
NP where Higgs plays a central role:  

SUSY, Composite Higgs, SMEFT, Higgs-portal…

• However, non-observation of SUSY particles pushes typical SUSY scale 
to the multi-TeV range…



Motivation
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• Heavy SUSY + Decoupling Limit provides natural setting for RPV SUSY:

 125 GeV Higgs mass obtained from heavy squarks

 RPV bounds relaxed by heavy sleptons/squarks

 RPC effect on Higgs signals is negligible at decoupling limit

• Can generically generate neutrino masses in RPV SUSY 

• Experimentally, bounds from traditional SUSY searches do not necessarily 
apply  



The RPV SUSY framework
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TRPV BRPV

• Construct additional RPV interactions by replacing                in  

• Assume 3rd gen RPV & define RPV “measures”:                     ,                             

Consider 
only LNV 
terms



The RPV SUSY framework
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• The induced CP-even scalar mass matrix in the                          basis:

• We interpret the observed 125 GeV Higgs as the lightest Higgs-
sneutrino mixed state

• Assume the decoupling limit

• Assume heavy (multi-TeV) sfermion soft-masses  



The RPV SUSY framework
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• The induced CP-even scalar mass matrix in the                          basis:

• “2X2 RPC block”



The RPV SUSY framework
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• The induced CP-even scalar mass matrix in the                          basis:

• Top-stop loop corrections necessary to lift Higgs mass (       )



The RPV SUSY framework

9

• The induced CP-even scalar mass matrix in the                          basis:

• Top-stop loop corrections necessary to lift Higgs mass (       )

• New BRPV terms generating Higgs-sneutrino mixing (     )



Higgs decays to gauginos
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• Similarly                   will generate neutrino-neutralino & lepton-
chargino mixing in the gaugino sectors:

Lightest neutralino

Lightest chargino



Leptonic Higgs decays
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• BRPV effect in Higgs coupling to leptons:

• For 2nd gen BRPV:                         BRPV effect in 



The 125 GeV Higgs signals
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Recently measured signal strength in

@ 13 TeV

• Notation:



The 125 GeV Higgs signals

13

• Notation:

• In the BRPV scenario:
Decay:Production:

@ 13 TeV

no-”vev” basis



BRPV – numerical setup
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• To quantify the impact of BRPV on the Higgs signals we

perform numerical simulations

• We randomly vary the input parameters within fixed 

ranges (ranges further refined for optimization purposes) 

• Consider light gaugino states of                                                             

in cases where                         /

Input parameters



BRPV – “filters”

15

• Higgs mass: 

Allow for                theoretical uncertainty in

• Neutrino mass:                                 (2nd gen BRPV)  or                               (3rd gen BRPV)                                             

Strongest constraints on BRPV parameters arise @ tree-level                    & 1-loop

• Higgs signals: Require them to agree with measurements @       level



BRPV Higgs decays              / 
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• S1A: gaugino-like scenario                  & nearly                     

degenerate neutralino-chargino, 

• S1B: higgsino-like scenario                  & nearly

degenerate neutralino-chargino,                  

• S2:                             such that only

is kinematically allowed (broken degeneracy)

• S3: Hierarchy                          with

(broken degeneracy) 



BRPV Higgs decays              / 
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Benchmarks chosen so as to maximize the BRPV effect

Will affect Higgs signals via 



BRPV Higgs decays              / 
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• deviation in di-photon channels due to light charginos in

• deviation in di-tau channels in 

• No significant deviation from SM in

• &                    sensitive to  



BRPV Higgs decays              / 
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• deviation in di-photon channels due to light charginos in

• deviation in di-tau channels in 

• No significant deviation from SM in

• &                    sensitive to  

• For the subsequent gaugino decays we find:

• Extra handle: (                     )

several times larger 
than the expected 
SM signal



Leptonic BRPV Higgs decays               &    
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• Better sensitivity when                                 (no gaugino channels) 

• Leptonic Higgs decays are suppressed by 25% primarily due 

to lepton-chargino BRPV mixing  whereas RPC SUSY effect is 

negligible at decoupling

• Particularly interesting signals of BRPV since all other channels

are SM-like  

2nd gen 
BRPV

3rd gen 
BRPV



Trilinear RPV
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Assume one-parameter scheme and



TRPV
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• effects: 

TRPV effect expected in Additional Higgs production via         fusion



TRPV:                effects (           )        
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• Enhanced di-photon rate due to light charginos

• Only mild enhancement in bottom channel (      dominated)

• Overall increase in (previously) gluon-fusion initiated

channels from new                    production mechanism

• Overall decrease in             (suppressed by total width)  

3rd gen

Corresponding bounds for 1 TeV
RR squark soft mass terms



TRPV
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• effects: 

TRPV effect expected in 

3rd gen BRPV 2nd gen BRPV

TRPV effect expected in 

( where                         ,                           )



TRPV:                effects (           )        
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• Enhanced TRPV di-tau rate

• Rest of Higgs signals mildly suppressed due to enlarged 

• Di-muon channel nearly doubled while the rest are SM-like

2nd gen BRPV 
&

3rd gen BRPV

Corresponding bounds for 1 TeV
RR slepton soft mass terms

In RPC (Decoupling)                                      ,                                         
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• We’ve studied the impact of RPV on the Higgs signals, under:
• Multi-TeV sfermion soft masses

• Decoupling limit in the Higgs sector (RPC ~ SM in Higgs signals)

• Single-flavor (mostly 3rd gen) BRPV generating Higgs-sneutrino, neutrino-neutralino & lepton-chargino
mixings

 New Higgs decays to lepton-gaugino pairs                         ,              accompanied by enhanced

signal

 leading to                                                                , with rates much larger than SM

Notable deviations of                          in conventional Higgs channels:                           

(no such effect in the RPC decoupling SUSY)

Gluon-fusion Higgs production mode roughly doubled by 

Large deviations of up to                 are expected  in                            

Summary

BRPV

TRPV
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• Expected RPV effects on the Higgs signals:

+                                                                      ,          -

Summary
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• TRPV bounds arise e.g. from universality tests in rare lepton decays:

Backup Slides

,
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• Minima conditions:

Backup Slides



30

• CP-even scalar mass matrix – aspects and features

• Diagonlized by unitary matrix: 

• Lightest state identified as Higgs

• BRPV communicated via sneutrino component

• and        at leading order are the same as RPC-elements 

Backup Slides
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• CP-odd scalar mass matrix

where we used the RPC relation 

• Massless state corresponds to the GB

Backup Slides



The RPV SUSY framework
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• The neutralino sector in the                                basis

• BRPV loop contributions to neutrino mass:



The RPV SUSY framework
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• The neutralino sector in the                                basis

• New BRPV terms generating neutrino-neutralino mixing:



The RPV SUSY framework
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• The chargino sector in the                                                   basis

• New BRPV term generating tau-chargino mixing:

• For 2nd gen BRPV will generate muon-chargino mixing
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• Charged Higgs – Slepton sector in the basis 

• New BRPV Charged Higgs – Slepton mixing terms

• Relative effect of D-terms is larger than in squark sector

Backup Slides



BRPV – numerical setup (details)
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• Assume common left-handed soft squark mass

• In stop sector we have                        as used for 

• Adopt MFV in sfermion trilinears

• Consider light gaugino states of                                                             

in cases where                         /

Input parameters
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•

Neutrino mass - BRPV
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•

Neutrino mass - BRPV
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•

• Similarly for

• The largest effect arises from          since it is   

Neutrino mass - TRPV
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• Additional 1-loop TRPV contribution: 

• Can be discarded by virtue of 

Neutrino mass - TRPV
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BRPV - Input parameters
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BRPV - Input parameters
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TRPV - Input parameters
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TRPV - Input parameters



/         BRPV signatures    
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• Consider the subsequent gaugino decays:                                           and

• We find    

• These gaugino 2-body BRPV decays are prompt, within the detector

• Taking into account the W-boson decays:                                                                                         

,                                                    ,  

• Define the following decay signal:          



/         BRPV signatures 

46

• In particular

such that 

• Note that in these benchmark models:

• Thus 
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• Sbottom mixing altered by new F-term                                            
affecting sbottom exchange @ 1-loop in            &            couplings as 
well as the predicted Higgs mass:

• Additional 1-loop TRPV contribution to neutrino mass  

TRPV effects with 
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• TRPV effect is manifest by enhanced Higgs production via       -fusion  

where                        ,

• In              we find   

TRPV effects with 

N3LO QCD prediction for ggh @ 13 TeV

Estimated K-factor for sub-process                     with  
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• : enhanced coupling to d-quarks also contributes to        
production via a t-channel d-quark exchange diagram  

TRPV effects with 
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• Consider                       with fixed                         and

• Define “distance” from RPC:     

where                                             and                                   

• Set             and apply

• Recall                          at decoupling   

TRPV with
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TRPV with

• not unique

• Sizable RPV effect also with 
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• Coupling:

• Decay:

• Production:

Higgs coupling to Vector bosons
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• quarks:

• RPC leptons:

• Decay:

• ,

Higgs coupling to quarks/ RPC leptons

For RPC leptons:



54

• sbottom:

(In TRPV can have F-term                     indirectly affecting        and        )   

• Stop:

• Sleptons:

Higgs coupling to squarks and sleptons

effect in gluon-fusion & diphoton
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• Couplings:

• Decays:

Higgs coupling to gauginos
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• SM:

• BRPV:

1-loop diphoton decay
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• SM:

• BRPV:

1-loop Higgs decay to gluons
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BRPV SUSY Spectrum
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BRPV SUSY Spectrum
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TRPV SUSY Spectrum
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TRPV SUSY Spectrum


