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● In the MSSM gauginos (superpartners of the gauge bosons) are majorana particles 
described by Weyl fermions.

● To have Dirac gaugino masses, new chiral supermultiplets are added. Suggesting an 
enriched phenomenology.

   Introduction.          

   Some nice features of Dirac gaugino models:           

● Dirac gauginos were originally proposed by Fayet (1978) to allow massive gluinos.

● Increased naturalness: supersoft masses do not lead to large correction of the stop 
mass.

● Enhanced tree level Higgs mass.

We’ll set limits on  the gluinos and squarks of a MDGSSM, by re-
interpreting LHC results.

● Most of SUSY searches at the LHC are optimised for the MSSM (Minimal 
SuperSymmetric Model)

● A difference in limits from LHC results is expected as compared to the MSSM when 
observing gluino and squark production.

   Motivation:           
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Particle content of the MDGSSM.
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Electroweakino sector.

Wino-like

Higgsino-like

Bino-like

Wino-like

Higgsino-like

New Higgs superpotential couplings 
between the singlet  and triplet DG-adjoint 
fermions and the Higgs higgsino fields:

In the MDGGSM, gauginos are 
purely Dirac, i.e. M1=M’1 =M2=M’2=0.
m1D and m2D are the bino and wino 
Dirac masses. 
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 Gluino and squark production (comparison with MSSM).  
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Lifetime and mass splitting of binos: motivation of benchmark choices.
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 Benchmark scenarios.

Small bino mass splitting.
Large bino mass splitting.
Light winos.
Heavy winos.

We scanned over the gluino 
and squark mass spectrum.



  8

 Constraining with two approaches: SMS and Recasting.

● SModelS: Based on the general 
procedure to decompose BSM collider 
signatures presenting a Z2 symmetry 
into Simplified Model Spectrum (SMS) 
topologies. (arXiv:1811.10624)

Simplified Model Spectrum results

Full recasting.

● Based on MC event simulation, 
performed with a Madgraph-Pythia8-
Delphes  pipeline.

● Recasting and analysis performed with 
MadAnalysis
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 SMS approach with SModelS.

● Decomposition of BSM into SMS 
topologies.

● Matches experimental results for 
different SMS topologies  with the 
decomposed topologies

● Interface between decomposition and 
experimental results.

● Output: Cross section comparison with 
upper limits and more...

https://smodels.github.io/



  10

 Results from SModelS.
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● Involves full chain event simulation: parton level events, showering, detector 
simulation and signal selection.

● A constantly growing database of implemented (and) validated analyses. For this, 
experimentalists provide benchmark points with event counts after each cut in the 
cut-flow (used for background cleaning).

● Comparison between simulated events of a certain model/scenario/region with 
adequate implemented analyses.

● Setting 95% CL  limits on the spectrum of the tested model/scenario/region.

 Recasting approach with MadAnalysis.
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 ATLAS SUSY 2016-07: The recasted analysis.      

http://madanalysis.irmp.ucl.ac.be/wiki/PublicAnalysisDatabase
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Results from Recasting : DG1-3 vs MSSM1 (light winos). 

MSSM1 and DG1 are equivalent.

Due to 
difference in 
 bino mass 
spliting.

    From change in best signal region
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Results from Recasting : DG4 vs MSSM4 (heavy winos). 



  15

● Bounds on squarks and gluinos were found for 4 benchmark 
scenaros of the MDGSSM and compared with equivalent MSSM 
scenarios.

● Results were as expected from the differences between MDGSSM 
and MSSM regarding gluino and squark production.

● We observed relaxed contstraints in the scenarios with large bino 
mass-splitting due to extra steps in the decay chain.

Conclusions.

Outlook.

● Study limits on the electroweak sector.
●  Look for scenarios where the LSP (dark matter candidate) has a relic 

density equal or below  the one measured by Planck.
● Study scenarios with small bino mass splitting in the light of Long 

Lived Particle searches.
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Thank you!
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CLs for DG4 with k-factors
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Electroweakino mass matrices in the MDGSSM.
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Best signal region evolution.

DG1 DG2

DG3
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