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Introduction
• A candidate for dark matter (DM) can be the LSP(χ̃0

1) in R-parity conserving sypersymmetry models like MSSM/NMSSM.

• The prompt decays of heavier neutralinos have been studied extensively at colliders [arxiv:2107.12553,arxiv:2108.07586, arxiv:2106.01676].

• The case of long-lived neutralinos has been explored in the MSSM such as binolike, winolike [arxiv:1506.08779] and higgsinolike [arxiv:1211.5584].

• In NMSSM neutralinos can be an admixture of bino, higgsino, wino & an additional singlino.

• If the LSP (DM) is singlino-like then it couples very weakly to the SM particles and heavier neutralino decays to such χ̃0
1 may lead to long-lived-particle

(LLP) signatures in NMSSM.

• Note the existence of the LLP in this scenario with singlino LSP is due to reduced couplings and is in contrast with the case in the MSSM where small
mass splittings lead to LLP.

Feature of parameter space

In the kinematically allowed region, bino-like
NLSP exhibits decay width ≲ 10−13 GeV, which
translates into decay length of O(1) mm with
mass splitting of NLSP & LSP < 90 GeV.

NMSSM, parameter space
• NMSSM superpotential: WMSSM (µ = 0) + λŜĤuĤd +
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– Seven physical Higgs states: 3 neutral scalars (H1,H2,H3), 2 neutral psuedo-scalars (A1,A2),
2 charged Higgs (H±)

– Five neutralino states from linear combination of bino, neutral wino, neutral higgsinos &
singlino as χ̃0
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• λ, κ ≪ 1 ensures small singlet-doublet mixing in Higgs sector. In this limit Mχ̃0
1
≃ 2µ|κλ | predicts

O(102)GeV for |κλ | ≲ 0.1.

• The parameter space is constrained by limits from LEP searches, flavor physics, Higgs signal
strength, direct and indirect DM detection experiments, and direct electroweakino searches at
LHC. However, no limit on DM relic density is in place assuming non-standard cosmological
history.

(3rd gen sleptons and squarks are
fixed at ∼ 2 TeV)

[scanned using NMSSMTools.5.5.3]

How to search at HL-LHC
• A long cascade decay can be established from χ̃0

3,4 → χ̃0
2 + Z/H (60 −

80% BR) → χ̃0
2, featuring 3-body decays (χ̃0

1 + bb̄/τ+τ−).

• LLP signature like displaced vertex can be explored through chargino-
neutralino pair production for mass ∼ 750 GeV with cross section O(1)
fb.

• A tracker restricted analysis can be performed using DELPHES with
typical lepton triggers p

ℓ1,2
T > 30, 20 GeV, E/T > 50 GeV.

Displaced Vertex
• Displaced vertex (DV) search is carried out using three benchmark

points BP1, BP2, BP3 (Γχ̃0
2
∼ 10−14, 10−15, 10−16 GeV) respectively:

– Collect high purity tracks with pT > 1 GeV & |η| < 4.5.
– Separate tracks originating from primary vertex requiring trans-

verse impact parameter |d0| > 2 mm → neglect majority of SM
background like tt̄.

– At least 3 such tracks within |∆X|, |∆Y |, |∆Z| < 1 mm to recon-
struct displaced secondary vertex.

Other Discriminators
Standard track reconstruction have low efficiency for large d0 values. Hence we have constructed a
few variables except d0 to eliminate the background such as track multiplicity of DV (NV1

Tracks), radial
distance of DV from primary vertex (rV1) & pT sum of tracks from DV (ptracksT ).

Result
Signal and background yields at HL-LHC show
it is possible to eventually arrive at a back-
ground free scenario even with relatively lower
values of d0.

amandipde@iisc.ac.in The Tenth Annual Conference on Large Hadron Collider Physics, 16-20 May 2022


