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Singlino-dominated Dark Matter

The nature of the DM stands out as a prominent challenge in theoretical particle physics and 
cosmology.

We focus to the electroweakino sector of NMSSM. 

Outline

Focus to relatively unexplored parameter space of NMSSM 

Dark Matter spin-independent direct detection blind spot

singlino-higgsino and singlino-bino co-annihilation scenarios

Radiative decay of the higgsino-like states

Electroweakino searches involving photons at the LHC



  

     -symmetric NMSSM

    -symmetric NMSSM superpotential:  

Compared with MSSM,
NMSSM has extra two singlet-like scalars and one additional neutralino, known as singlino

In order to comply with the observed relic 
abundance, we focus to the co-annihilation 
mechanism of singlino-dominated DM.

For co-annihilation to function, the mass gap 
between the DM and other weakly interacting 
particles must be minimal relatively small 
==> compressed scenario at the LHC

Possibly    -like LSP admixtures with     and
 
==> ‘well-tempered’ singlino-like LSP

sensitive to DM Direct detection experiments



  

Singlino-dominated DM direct detection blind spot (spin-independent)

Coupling blind spot:

Blind spot favorable criteria:

, when       and          carry same (different) sign

[ Singlino-dominated neutralino is tempered by the bino-like and higgsino-like states ]

This new region                  may have significant implication for explaining the  
 discrepancy of the anomalous muon magnetic moment (     )

A positive contribution from the Bino-smuon loop to       if         and            
have the  same relative sign

Influence the decay patterns of neutralinos



  

 Neutralino radiative decay

When a two-body decay mode is kinematically closed, the possibility arises for the radiative one-loop 
branching ratio to be higher compared to the three-body tree-level decay branching ratio.

Mass splitting parameter,

 

hep-ph/9609212
Tree-level decays are suppressed as   

while the radiative decays are suppressed as 
 

Therefore, radiative decays play an important role in the compressed region.

https://arxiv.org/abs/hep-ph/9609212


  

Singlino-higgsino coannihilation scenario:

Singlino-bino coannihilation scenario:

Decay chains of Higgsino-like states

Level diagrams of neutralino hierarchies
with higgsino-like NLSP

Level diagrams of neutralino hierarchies
with Bino-like NLSP



  

Singlino-bino co-annihilation excluded scenario

Excluded by the ATLAS analysis (arXiv:2004.10894)  
for the search of  chargino-neutralinos by studying 
the di-photon decay channel of the on-shell        
coming from the decay of heavier neutralino.

Although not dedicated to co-annihilation, this ATLAS analysis gains sensitivity to singlino-bino coannihilation 
through signal region overlap, featuring final states with leptons, jets, photons, and missing energy.

Due to large mass gap between                    , bino-like NLSP emerges with a boost.

 The tail of the        of two photons from the process                      broadens relatively and

 lies around the mass window of       , which is considered in the selection cuts of

 this ATLAS analysis.
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Singlino-bino co-annihilation allowed scenario



  

Differential event distributions



  

Singlino-Higgsino coannihilation scenario
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Singlino-Higgsino coannihilation scenario with a hard ISR

Due to the small mass difference between the LSP and the higgsino-like states,

            would primarily be produced
at the LHC with equal and opposite    

In the presence of the ISR jet,                   system recoils against the ISR jet in the 
transverse plane.

a significant portion of the      of the higgsino-like                  is transferred to the LSP, 

contributing to event        that approximately balances with     of the ISR jet.



  

Differential event distributions

Peak of        distribution occurs at a relatively higher value for the process involving the ISR jet.

Additionally, a broad high       tail is observed for events containing one ISR jet. 

This characteristic allows for more aggressive selection cuts on        in the analysis, effectively rejecting a 
significant amount of the SM backgrounds at a moderate cost in losing signal events.

Similar broader high      tail of the leading jet is also observed in events containing one ISR jet.

Correlation between        and        in events with one ISR jet,

 imposing a stringent cut on                      ensures that most signal events have substantially
  larger 



  

Differential event distributions

The presence of a single ISR jet in the events under those specified cuts       ,                          leads to a 

A substantial drop in the cross-section of the process in the absence of any ISR jet under such cuts.

 notable increase in the number of events at the peak of the distribution and a broadening of the high        tail.

Distribution exhibits a peak at a slightly higher        when the ISR jet is considered

suggesting an overall transverse boost for the photon

This can be understood from the fact that if the decaying photon from         originated in the same direction in 
which         are produced and boosted due to large       of the ISR jet in the event.



  

ATLAS and CMS reported mild excesses in electroweakino searches

arXiv:1911.12606 arXiv:2106.01676 

 Wino  Higgsinos

Observed mild excess (         ) in the (soft lepton analysis)              and              scenario for    
                      200 GeV and           20 GeV.

Light singlino-Higgsino region of NMSSM                  Agin et al. arXiv:2404.12423,   Ellwanger et al. arXiv:2404.19338
                                                                                                                                           

Recently, a paper by Agin et al. (arXiv:2311.17149) claims that the current monojet searches (arXiv: 2102.10874, 
2107.13021) show excesses in a region that partially overlaps with that favored by the soft-lepton analyses.

It may be feasible to explain these excesses in the soft lepton channels within the context of the singlino-higgsino 
co-annihilation scenarios discussed in our work.

Such a co-annihilation scenario can also indicate another possible detection channel involving photons.

A dedicated analysis can be done using the exiting Run 2 data of LHC



  

Conclusion

A new blind spot condition               for singlino-dominated dark matter resulting from bino and higgsino 
tempering.

Higgsino-like states prefer radiative decay

The compressed scenario is emerging as a promising WIMP-DM candidate, being explored through 
combined LHC and direct detection efforts. 

Here, we suggest a new radiative decay search for higgsino-like neutralinos in the singlino-higgsino 
coannihilation scenario, complementing current multilepton searches.

For the singlino-higgsino scenario, consider a hard ISR jet with                           process

Select signal region with a hard mono-jet with significant missing energy and at least one photon.

For the case of singlino-bino scenario, photons can become  relatively hard due large mass difference 
between higgsino-like states and bino-like NLSP.

This scenario could leads to                                                                                     final states at the LHC.

This blind spot condition demads same relative sign between       and           , which generates a positive 
contribution from the Bino-smuon loop to       .



  

Thank you 
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