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1. R-parity violating MSSM with a light bino

1.1 R-parity violating (RPV-) MSSM …

● LHC has ruled out the MSSM up to

● Are we missing something? 
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1. R-parity violating MSSM with a light bino

1.2 … with a light bino

● LEP bound on LSP neutralino:                              , assuming 

●                                Neutralino mass unconstrained!
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Cosmologically excluded stable neutralino:

Cosmologically unstable neutralino, but

might be “long lived” at the detector level!



2. Heavy neutral leptons

2.1 Heavy neutral leptons

●  Simple theory with one kinematically relevant HNL:

where 
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3. Recasting procedure

3.1 The phenomenology connecting the light bino LSP and the HNL

● Bilinears (              ): Integrating out the heavy higgsinos in the neutral lepton 
sector yields
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3. Recasting procedure

Bilinears mimic HNL mixing

Translate bounds on HNLs to bounds on RPV-MSSM, using

● All up-to-date constraints
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3. Recasting procedure

3.1 The phenomenology connecting the light bino LSP and the HNL

● Phenomenological level:

Trilinear Yukawas (                     )

cause effects similar to the HNL

theory!

9



3. Recasting procedure

HNLs can be produced from meson decays

Translate bounds on HNLs to bounds on RPV-MSSM, using

● Direct decay searches
● Displaced vertex searches
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3. Recasting procedure

RPV-MSSM opens new, invisible particle decay channels

Translate invisible widths to bounds on RPV-MSSM
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4. Updating RPV-MSSMwLB bounds: Bilinears

Bilinears produce
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4. Updating RPV-MSSMwLB bounds: Trilinears

Example 1:

● Couplings:

● Peak search

○ NA62 [3, 4]

○ KEK [5, 6]

13[3] arXiv:2005.09575
[4] arXiv:2101.12304

[5] Asano:1981he
[6] Hayano:1982wu



4. Updating RPV-MSSMwLB bounds: Trilinears

14



4. Updating RPV-MSSMwLB bounds: Trilinears

Example 2:

● Coupling:

● Beam-dump: Displaced vertex search 

○ DUNE [7]

15[7] arXiv:1905.00284



4. Updating RPV-MSSMwLB bounds: Trilinears
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4. Updating RPV-MSSMwLB bounds: Trilinears

Example 3:

● Couplings

○ Production:

○ Decay: 

● Collider: Displaced vertex search

○ FASER [8]

17[8] arXiv:1801.08947



4. Updating RPV-MSSMwLB bounds: Trilinears
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4. Updating RPV-MSSMwLB bounds: Trilinears

Example 4:

● Couplings:

●                             derived from the current uncertainty on
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4. Updating RPV-MSSMwLB bounds: Trilinears
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5. Conclusions

● RPV-MSSM with a light bino mimics HNL phenomenology

○ directly (through bilinears)

○ indirectly (through trilinears)

● RPV bounds can be extended by several orders of magnitude by

○ Recasting current HNL bounds

○ Considering invisible particle decays

● Related work: Rebeca Beltrán et al. [arXiv:2302.03216]

Enrique Fernández-Martínez et. al [arXiv:2304.06772]
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Heavy neutral leptons

0.1 Heavy neutral leptons

●  

● EWSB: Neutral lepton mass matrix,
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● Diagonalize with     . One kinematically relevant HNL: 

●

where



Experiments

0.2 HNL searches: Direct decay
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Experiments

0.3 HNL searches: Displaced vertices
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Experiments
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0.4 Missing energy searches



Updating RPV-MSSMwLB bounds: Trilinears

Example 0:

● Couplings:

● Peak search + Branching ratio search

○ PIENU [1]

○ PIONEER [2]

26[1] arXiv:1712.03275
[2] arXiv:2203.05505



Updating RPV-MSSMwLB bounds: Trilinears
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