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Type I Seesaw is probably most popular mechanism for neutrino masses

Neutrino Masses

How can we test this?
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Having very massive neutrinos coupling to the Higgs can introduce 

extreme fine tuning in the mass of the latter.

The Hierarchy Problem

Casas, Espinosa, Hidalgo (hep-ph/0410298)



  
Joel Jones-Pérez
09 / 01 / 2018

Constraining sleptons at the LHC in a supersymmetric 
low-scale seesaw scenario

Solution: Supersymmetry

The Hierarchy Problem

Adding the seesaw 

implies adding new 

R-sneutrinos:

Could this give new perspectives 

on testing the seesaw?

How are SUSY bounds 

affected?



  

● Establish our MSSM + Seesaw scenario.

● Describe strategy for producing R-sneutrinos at the LHC, and 

apply constraints.

What is our objective?
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MSSM + Type I Seesaw
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Neutrino Sector

3 active 
L

3 sterile 
R

3 light 
l

3 heavy 
h



  
Joel Jones-Pérez
09 / 01 / 2018

Constraining sleptons at the LHC in a supersymmetric 
low-scale seesaw scenario

After diagonalizing the mass matrix:

Neutrino Sector

3 active 
L

3 sterile 
R

3 light 
l

3 heavy 
h

Using a Casas-Ibarra parametrization, we can reconstruct the 
Yukawa matrices:

Casas, Ibarra (hep-ph/0103065)

Donini, Hernandez, Lopez-Pavon, Maltoni, Schwetz (1205.5230 [hep-ph])
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After diagonalizing the mass matrix:

Neutrino Sector

3 active 
L

3 sterile 
R

3 light 
l

3 heavy 
h

Using a Casas-Ibarra parametrization, we can reconstruct the 
Yukawa matrices:

Casas, Ibarra (hep-ph/0103065)

Donini, Hernandez, Lopez-Pavon, Maltoni, Schwetz (1205.5230 [hep-ph])

Complex orthogonal matrix
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For simplicity:

Neutrino Sector

This will imply that one heavy neutrino has a vanishing coupling.

For large 56:
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Neutrino Sector

Yukawa couplings can be exponentially enhanced by taking a large 56.

With this, the mass matrix gets a structure similar to the inverse seesaw.
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For definiteness, we set:

Neutrino Sector

(So we do not exceed LFV)

(So we do not exceed 0)

(So they do not contribute 
much to R-sneutrino masses)

Neutrino sector is fixed.
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We need to add new soft SUSY breaking terms:

Sneutrino Sector

Assumed proportional to Y, so negligible

Additional simplifications:

New source of LNV, taken equal to zero for this work
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Sneutrino mass matrix:

Sneutrino Sector

Negligible LR mixing. For simplicity, soft masses are taken diagonal 
and degenerate.

On sneutrino sector, the only variables are the universal     ,
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We take Higgsinos to be lighter than gauginos

Neutralino / Chargino Sector

This makes neutrino Yukawa couplings much more relevant.



  

Strategy and Constraints
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Strategy

Two options:

- R-Sneutrino LSP

- Neutralino LSP

The neutralino LSP scenario gives phenomenology very similar to MSSM.
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Strategy

Two options:

- R-Sneutrino LSP

- Neutralino LSP

The neutralino LSP scenario gives phenomenology very similar to MSSM.

Then:
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Strategy 1

We give a first look at:

Ruled out

Allowed

Ambiguous

ATLAS Collaboration (ATLAS-CONF-2016-096)

CheckMATE (1611.09856 [hep-ph])
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Strategy 1

We give a first look at:

Ruled out

Allowed

Ambiguous

ATLAS Collaboration (ATLAS-CONF-2016-096)

CheckMATE (1611.09856 [hep-ph])

Scenario 1: 

Scenario 2: 
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Strategy 2

A second possibility is to produce sleptons, decaying into R-sneutrinos:

Final state depends on the difference between 
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Strategy 2

What are the slepton main decay channels?

Let us assume:
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Strategy 2

What are the slepton main decay channels?

Let us assume:
Our final states have an 
excess of leptons!
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Strategy 2

Ruled out

Allowed

Ambiguous

These branching ratios are typical of Scenario 1:

Very strong 
constraints on 
slepton mass!

ATLAS Collaboration (ATLAS-CONF-2016-096)

CheckMATE (1611.09856 [hep-ph])
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Strategy 2

We could also have:
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Strategy 2

We could also have:

Our final states have two 
Higgs bosons!

We end up with two L-sneutrinos 
and very soft jets
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Strategy 2

Ruled out

Allowed

Ambiguous

We find both situations in Scenario 2:

If electroweakinos 
are heavy, we have 
weak constraint!

ATLAS Collaboration (ATLAS-CONF-2016-096)

CheckMATE (1611.09856 [hep-ph])



  

Conclusions

Neutrino visible decay in the light of appearance long 
baseline experiments
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● R-sneutrinos are particles that should be taken into account 
if the MSSM wants to accommodate neutrino masses.

● If an R-sneutrino is the LSP, and electroweakinos are not 
too heavy, the LHC would expect a larger number of leptons 
on the final state. This can enhance bounds on slepton 
masses.

● If the electroweakinos are heavy, then the final states can 
be complicated. Placing bounds becomes much more 
difficult!

Neutrino visible decay in the light of appearance long 
baseline experiments

Joel Jones-Pérez
10 / 10 / 2017



  

Thanks!



  

Backup

Neutrino visible decay in the light of appearance long 
baseline experiments

Joel Jones-Pérez
10 / 10 / 2017
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It’s well known that neutrino oscillation is the dominant 

mechanism behind neutrino appearance and disappearance 

phenomena.

Neutrino oscillations are due to neutrino 

mass, which implies the first sure sign of 

physics beyond the Standard Model.

Neutrino Masses



  
Joel Jones-Pérez
09 / 01 / 2018

Constraining sleptons at the LHC in a supersymmetric 
low-scale seesaw scenario

Question of new physics is correlated to question of how this mass is 

generated, which then leads to a cascade of questions.

Neutrino Masses

● Is it a Dirac or Majorana fermion?

● If Majorana, how is lepton number broken?

● If Dirac, is there an underlying symmetry 
preventing Majorana masses?

● Is the mass generation mechanism 
accessible to experiment?
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Question of new physics is correlated to question of how this mass is 

generated, which then leads to a cascade of questions.

Neutrino Masses

● Is it a Dirac or Majorana fermion?

● If Majorana, how is lepton number broken?

● If Dirac, is there an underlying symmetry 
preventing Majorana masses?

● Is the mass generation mechanism 
accessible to experiment?

This work is done in the context of Type I Seesaw
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Testing the Seesaw is complicated!

Neutrino Masses

If MR is small, then mD must be 

small. Thus, it is difficult to 

produce R in colliders due to 

small couplings.
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Testing the Seesaw is complicated!

Neutrino Masses

If MR is small, then mD must be 

small. Thus, it is difficult to 

produce R in colliders due to 

small couplings.

If mD is large, then MR must be 

big. Thus, it is difficult to 

produce R in colliders due to 

large masses.
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Sneutrino Masses

In principle, we should separate scalar and pseudoscalar sneutrino 
components

The sneutrino mass matrix is then:
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Sneutrino Masses

The mass matrix blocks are:
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Strategy 2

Most relevant production channel is

We generate all 
channels, but 
concentrate our 
analysis on the 
first one.

We include all 
flavours.
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Gaugino masses have some impact on constraints
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Strategy 2

Ruled out

Allowed

Ambiguous

These branching ratios are typical of Scenario 1:

Very strong 
constraints on 
slepton mass!

ATLAS Collaboration (ATLAS-CONF-2016-096)

CheckMATE (1611.09856 [hep-ph])
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Strategy 2

Ruled out

Allowed

Ambiguous

ATLAS Collaboration (ATLAS-CONF-2016-096)

CheckMATE (1611.09856 [hep-ph])

In Scenario 2, we find both situations.

If electroweakinos 
are heavy, we have 
weak constraint!
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