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Outline

1 The ‘µ from ν’ Supersymmetric Standard Model (µνSSM)

2 LLPs from LSPs in the µνSSM

3 Explaining the muon g-2 data
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The search for low-energy SUSY is one of the main goals of the LHC

... and so far this search has been focused mainly on prompt signals with MET inspired in
RPC models, such as the MSSM... → significant bounds on sparticle masses have been
obtained.

Because of these results, there is a growing interest in displaced signals from long lived
particles (LLPs).

In this talk I discuss the some scenarios of the LLPs from the lightest supersymetric
particles (LSP) in the context of the µνSSM:

� phenomenology at the LHC
� possible candidates for dark matter (DM)
� how such LSPs can can contribute to explain the muon g-2 data.
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The µνSSM

The superfield content of the µνSSM is the same as that of the MSSM + 3 families of
right-handed neutrino superfields, ν̂c

i .

The simplest superpotential of the µνSSM (López-Fogliani, Muñoz, hep-ph/0508297)
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The simultaneous presence of the last three terms explicitly breaks R-parity.
→ RPV is driven by Yν , and since Yν . 10−6, is small in the µνSSM
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Consequences of RPV:

� Fields with same quantum numbers are mixed.

� Any particle can be the LSP and such LSP is
not stable.

� Novel signals with multi-Higgses, displaced
vertices, multi-lepton, multi-jets final states are
expected.
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Neutrino - left sneutrino sector
With a generalized seesaw, all light neutrinos get masses at tree level
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Left sneutrinos are special... their masses are determined by the soft masses and
driven by neutrino physics.
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e.g. Yν3 ∼ 10−8 − 10−7 < Yν1,2 ∼ 10−6 → mν̃τ ∼ 100 GeV and mν̃e,µ
∼ 1000

GeV

Higgs - right sneutrino sector:

The model easily explains Higgs data → Kpatcha, López-Fogliani, Muñoz, Ruiz De
Austri, 1910.08062;
and also can simultaneously accommodate the two excesses measured at LEP and
LHC at ∼ 96 GeV → Biekötter, Heinemeyer, Muñoz, 1712.07475, 1906.06173.

Higgs sector of the model is very rich, contains many viable solutions with different
phenomenological possibilities.

e.g. several scalars can be (quasi)degenerated with masses ∼ 125 GeV, and thus
can have their signal rates superimposed to the scalar resonance observed at LHC.
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LSPs in the µνSSM

µνSSM has many possible candidates for LSPs

Several of them have been analyzed (also some works are in progress)
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ν̃τ LSP (Kpatcha, Lara, López-Fogliani, Muñoz, Nagata, Otono, Ruiz de Austri, 1907.02092)

Production and decay of ν̃τ LSP in the µνSSM
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We recast the result of the ATLAS search for displaced dilepton to constrain our scenario

Phys
. Rev.

D92
(20

15)
072

004

• Topology:

Also taken into account LEP analysis (hep-ex/0210014) to constrain this scenario
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Sampling the model for ν̃τ LSP with mν̃τ ∈ (45, 100) GeV. (Kpatcha, Lara,
López-Fogliani, Muñoz, Nagata, Otono, Ruiz de Austri, 1907.02092)
We imposed: neutrino, higgs physics, decay length > 0.1 mm, muon g-2, flavor
observables

Scan S1 Scan S2
tanβ ∈ (10, 16) (1, 4)
Yνi ∈ (10−8, 10−6)
vi ∈ (10−6, 10−3)
−Tν3 ∈ (10−6, 10−4)
M2 ∈ (150, 2000)

Light-blue, light-red: excluded by
LEP.
Blue: cannot be probed at
LHC Run 3
Red: can be probed at LHC Run 3

• cτν̃τ ∼ 0.1− 5 mm

Results:
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Take home message
1 It is easy to reproduce neutrino and higgs physics
2 The extrapolation of the usual bounds on sparticle masses to the µνSSM is not

applicable
3 A ν̃τ LLP can be probed at 13-TeV LHC with L = 300 fb−1.
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Bino-like LSP (Lara, López-Fogliani, Muñoz, 1810.12455)

Production and decay of Bino-like LSP in the µνSSM
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ATLAS searches can be used to test this Bino-like LSP, signal with 3 leptons + MET.

ATLA
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NF-20
19-02

0

• Wino-like (χ̃±1 , χ̃0
2)

production
• Bino-like (χ̃0

1) LSP
• cτBino . 0.2 mm  [GeV]ν∼m
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Green: Excluded (139 fb−1 data)
Yellow: Prospects for 300 fb−1

Results:
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Stops LSPs (Kpatcha, Lara, López-Fogliani, Muñoz, Nagata, Otono, Ruiz de Austri, In Preparation)

Input parameters
200 ≤ M

Ũ3
,M

Q̃3
(GeV) ≤ 1200

0 ≤ −Tu33 (GeV) ≤ 2000
0.5 ≤ Tλ (GeV) ≤ 2000

0.3 ≤ λ ≤ 0.7
1 ≤ tanβ ≤ 20

1500 ≤ M1 (GeV) ≤ 2500
10−5 ≤ v1, v2 (GeV) ≤ 10−3

10−8 ≤ Yν11 ≤ 10−6

• Two main decay modes for stop LSP
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• Cross section similar to MSSM
• Decay length ∼ cm - dm

• We imposed: neutrino, higgs physics, g − 2, flavor observables
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• LHC searches, can constraint this scenario ... Work in progress 10 / 17



LSPs as Dark matter in the µνSSM
Gravitino (Ki-Young Choi, López-Fogliani, Muñoz, Ruiz de Austri, JCAP 2010 JCAP 2010;
Gómez -Vargas, López-Fogliani, Muñoz, Pérez, Ruiz de Austri, JCAP 2017)
The Gravitino LSP can be the dark matter candidate and due to the mixing of photino
and the left-handed neutrinos, with lifetime greater than the age of universe.

Γ(Ψ3/2 →
∑

i

γν) ' 1
32π
|Uγ̃νi

|2
m3

3/2

M2
P

|Uγ̃ν |2 ∼ |g1vi/M1|2 ∼ 10−14- 10−15
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γ

γ̃

νi

τ3/2 ' 3.8× 1027 s

(
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|2
10−16

)−1 (
m3/2

10 GeV

)−3
� 1017s ∼ age of universe
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Axino (Gómez-Vargas, López-Fogliani, Muñoz, Perez, arXiv:1911.03191)
The axino LSP can be a decaying DM candidate in a similar way to the gravitino,
� Small RPV, and Peccei-Quinn scale suppress the decay rate, allowing to have lifetimes
greater than the age of the Universe, but producing a signal with a gamma-ray line.
� The Fermi-LAT constraints impose that axino masses must be smaller than about 3
GeV.
� Axino DM can be explored in future gamma-ray missions such as the proposed
e-ASTROGAM (masses ∼ 2 MeV - 3 GeV, and lifetimes ∼ 2.1026 − 8.1030s)

Multicomponent DM made of gravitino and axino (Gómez-Vargas, López-Fogliani,
Muñoz, Perez, arXiv:1911.03191 and arXiv:1911.08550)
If axino is the LSP, and gravitino Next-to-LSP, (or vice versa), both can contribute to the
relic density.
� There is a parameter region where a mixture of both sparticles can be obtained, with a
double-line signal arising as a smoking gun.

Right-handed neutrinos (Knees, López-Fogliani, Muñoz, et al., in preparation)
RH neutrinos can behave as sterile neutrinos and be candidates for DM. But for that to
work, some of they must have small couplings in such a way that they obtain keV masses,
and lifetimes long enough to be candidates for DM.

Take home message:
The µνSSM is an appealing scenario for solving the DM problem, with different
interesting potential candidates.
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Muon g-2 (Kpatcha, Lara, López-Fogliani, Muñoz, Nagata, 1912.04163)

The measurement of ∆aµ = aexp
µ − aSM

µ = (26.8± 6.3± 4.3)× 10−10 represents 3.5σ
discrepancy and this could be a sign of new physics beyond the SM.
In SUSY models, the main one loop contributions are

µ µ

γ

µ̃

χ̃0µµµ µν̃

χ̃±

γ

We exploit the fact that light muon sneutrino & smuon and electroweak gauginos are
possible in the µνSSM, to explain the discrepancy.

Scan
tanβ ∈ (10, 16)

Yνi ∈ (10−8, 10−6)
vi ∈ (10−6, 10−3)
−Tν2 ∈ (10−6, 4× 10−4)
M2 ∈ (150, 1000)

• We imposed: neutrino,
higgs physics, g − 2, flavor
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LHC searches for electroweakinos further constrain the allowed regions of this scenario.
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Important regions of the parameter space reproduces ∆aµ, neutrino and higgs physics,
and LHC searches, (Kpatcha Lara, López-Fogliani, Muñoz, Nagata, 1912.04163)
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Take home message:

1 Multi-lepton + MET searches can
probe the model.

2 Th prediction of the µνSSM can
be used to pinning down the
mass of ν̃µ, and to narrow down
the mass scale for a potential
discovery of electroweakinos
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Conclusions
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The µνSSM is a very attractive SUSY model that, in addition to simultaneously
reproducing correct neutrino and higgs physics, can also produce novel signals at colliders
with multi-Higgses, prompt/displaced vertices, multi-lepton/jet final states.

Also, the extrapolation of the usual bounds on sparticle masses to the µνSSM is not
applicable, offering a way to relax tensions with experimental data.

The model has many possible candidates for LLPs, and the studies of some of them LLPs
(e.g. ν̃τ,µ, Bino, Wino, Stop), shown that important regions can be probed at 13-TeV
LHC with L = 300 fb−1.

The µνSSM is an appealing scenario for solving the DM problem, with different
interesting potential candidates (e.g. Gravitino, axino, RH neutrinos).

The measurement of the muon g − 2 can be explained, thanks to the possibility of having
light muon sneutrinos and chargino-neutralino that are still compatible with current LHC
limits.
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THANK YOU
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