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Motivation

SUSY searches at the LHC: large focus on (simplified) MSSM
scenarios.

Naturalness and contracting MSSM parameter space → non-minimal
scenarios

Minimal Dirac gaugino supersymmetric standard
model (MDGSSM)

Increased naturalness (supersoft operators) (Fox, Nelson, Weiner: ArXiv:0206096)

Enhanced tree-level Higgs mass

Allow for R-symmetry → simpler SUSY breaking (Fayet, 1978)

N = 2 SUSY (Antoniadis, Benakli, Delgado, Quiros: ArXiv:0610265),

(Ellis, Quevillon, Sanz: arXiv:1607.05541), (Benakli, Goodsell, SW: arXiv:1801.08849)

etc.
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MSSM + Dirac gauginos

Add N = 1 chiral multiplets S (singlet), T (SU(2) triplet), O (SU(3)
octet) in the adjoint representation of the corresponding gauge
groups.

Majorana gauginos (one Weyl fermion) → Dirac gauginos (Weyl
fermion + new adjoint chiral fermion)

L ⊃ − 1
2Miλiλi + h.c . −→ L ⊃ −miDχiλi + h.c .

MDGSSM allows for both - we choose Mi = 0.

New Higgs superpotential couplings:

WHiggs = µHu ·Hd + λSSHu ·Hd + 2λT Hd · THu.

Higgs mass boost:

m2
h ' M2

Z cos2 2β +
v2

2
(λ2

S + λ2
T ) sin2 2β.
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Additional particle content

Superfield Scalars Fermions Vectors (SU(3), SU(2), U(1)Y )

Matter Sector

MSSM chiral superfields

(S)quarks Qi Q̃i = (ũi,L, d̃i,L) (uL, dL) - (3, 2, 1/6)

uci ũci,R uci,R - (3, 1, -2/3)

dci d̃ci,R dci,R - (3, 1, 1/3)

(S)leptons Li (ν̃i,L,ẽi,L) (νi,L, ei,L) - (1, 2, -1/2)

eci ẽci,R eci,R - (1, 1, 1)

Higgs/ Hu (H+
u ,H

0
u ) (H̃+

u , H̃
0
u ) - (1, 2, 1/2)

Higgsinos Hd (H0
d ,H
−
d

) (H̃0
d , H̃
−
d

) - (1, 2, -1/2)

Gauge Sector

MSSM gauge superfields

Gluons/gluinos W3,α - g̃α Gµ (8, 1, 0)

W/ Winos W2,α - W̃ 0, W̃± W±µ ,W
0
µ (1, 3, 0)

B/ Binos WY,α - B̃ Bµ (1, 1, 0 )

Dirac gaugino adjoint chiral superfields

Adjoint-octet Og Og g̃′ - (8, 1, 0)

Adjoint-triplet T {T 0,T±} {W̃ ′±, W̃ ′0} - (1, 3, 0)

Adjoint-singlet S S B̃′ - (1, 1, 0)

What is the impact of this new particle content on squark and gluino mass limits?
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Gluino and squark production

Why would we expect different limits than in the MSSM?

Gluino production

Cross-section of Dirac gauginos enhanced relative to Majorana gauginos
(more gluino d.o.f)

Squark production

Squark production strongly
suppressed in DG case
(final states with same
chirality squarks forbidden)

Gluino-squark production

Cross-sections as in MSSM.
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New electroweak scale particles (electroweakinos)

MDGSSM:

2 bino-, 2 wino- and 2 higgsino-like neutralinos

2 wino- and 1 higgsino-like charginos

In our benchmarks, we use: mwinos > mhiggsinos > mbinos
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Benchmark scenarios: choice motivation

Fix electroweakino spectrum + scan over squark and gluino masses

Among benchmarks: vary mt̃ , mb̃, λS , λT
λS drives bino mass splitting

Small χ̃0
1,2 mass-splitting ↔ long-lived χ̃0

2

3 scenarios with large χ̃0
1,2 mass-splitting (using λS = −0.74,

λS = −0.79)
1 scenario with small χ̃0

1,2 mass-splitting (λS = −0.27)
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Benchmark scenarios: values

m1D , m2D , µ, tanβ, λS , λT , m2
Q̃3

= m2
Ũ3

= m2
D̃3

fixed.

m3D and m2
Q̃1

= m2
Ũ1

= m2
Q̃1

varied.
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Numerical analysis
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SModelS exclusion
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Recast: ATLAS 2-6 jets + ��ET analysis arXiv:1712.02332

Search for squarks and gluinos in final states with jets and missing pT
using 36 fb−1 of

√
s = 13 TeV pp collision data with the ATLAS detector.

Meff-based search

Effective mass: Meff = pTj1 + pTj2 + Emiss
T

Meff ∈ [1000, 2600] GeV
Nj ∈ [2, 6]

Lepton veto

MET > 250 GeV

pT of all reconstructed jets > 50 GeV

http://madanalysis.irmp.ucl.ac.be/wiki/PublicAnalysisDatabase
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Recast: exclusion plane plots - light wino scenarios

Note: MSSM ↔ MDGSSM scenario mass equivalency: M1 ↔ m1D , M2 ↔ m2D
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Recast: exclusion plane plots - light wino scenarios

Note: leading order cross-sections
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Recast: exclusion plane plots - heavy wino scenarios
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Reproducibility
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Conclusions

LHC limits on Dirac gaugino models differ from the MSSM owing to

Supressed squark production
Enhanced gluino production
Larger electroweakino spectrum

SModelS provides fast but weak constraints

Stronger constraints generated by recasting

Weaker limits on heavy gluinos (Dirac gluinos can be naturally heavy)
Weaker limits on light squarks

Data provided on Zenodo for reproducibility :-)

Outlook: study of electroweakinos and of a light χ̃0
2 in LLP searches.
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Thank you for listening!

Figure 1: My mother advised me that people would find my slides less boring if I
included a picture of my dog. So just in case she’s right (and she always is) ......
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Backup: Neutralino and chargino mass matrices
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Backup: Gluino mass constraints
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Backup: 1− CLS exclusion limits for DG4 with k-factors
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