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MSSM neutralino DM
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Dark Matter--- WIMP miracle
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In the R-parity conserving MSSM, the lightest neutralino can play the role of DM, 

This mass matrix can be diagonalized by a unitary 4 × 4 matrices N, 

Bino-like Wino-like Higgsino-like Mixed
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1. Co-annihilating with stop/stau/wino…

2. Resonant annihilation via Z, h, A, H

3. Mixed with Higgsinos(+Wino)
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“Hidden” Neutralino DM
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1.  Coannihilation, 

2.  Cancelation (blind spot),

3. Light DM Limit (dark Higgs), 
[1711.03893, Duan, Wang, Wu, Yang, Zhao ]

or

[1705.09164, Abdughani, Wu, Yang ]

[1804.05238, Duan, Ren, Hikasa, Wu, Yang]

Can we escape direct detection bound?
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Bino-like DM+B-W coannihilation

(1). Bino-Wino coannihilation
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B-W coannihilation can appear in e.g. Split SUSY, SUSY 
GUT models with NUGM, pMSSM11 w g-2.

We scan over the relevant parameter space for the B-W 
coannihilation:

and impose the constraints:
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Contributions to co-annihilation
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For small-splitting region, visible
particles are soft and LSPs are
back-to-back causing small MET.

ISR jet can boost the
electrowinos X, making MET
become larger as LSPs align.

Mono-jet
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1. There is no upper limit on the number of jets in our analysis.  
Instead jet veto, a cut on can also remove      
background events efficiently but do not hurt the signal too much. 

2. A soft lepton pair  in the final states can help to suppress Dell-Yan 
and V+jets backgrounds.

Monojet-like
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• Naturalness: minimization condition from Higgs scalar potential,
which determines the Z-boson mass. (Alternatively, one may
examine Higgs boson mass and arrive at similar conclusions.)
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(2). Bino-Higgsino blind spot
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Tree level
1 loop level

2 loop level

The most robust test of naturalness is to search for 
light Higgsinos!

Note: a heavy stop and gluino, can 
still produce an acceptable finetuning
in minimal framework, such as Focus 
Point, RNS and NUGM…
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100-300 GeV

< 2.5 TeV

< 3-4 TeV
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Mixed with Bino
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Scan ranges of Bino-Higgsino:

Constraints:
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Blind Spot
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Current surviving parameter space will be fully covered by projected 
XENON1T experiment or the future trilepton searches at the HL-LHC.
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• Can Heavy CP-even Higgs (H) be SM-like?

• Can DM be light?         
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Relic density

LHC and direct detection data (>30 GeV, h~125 GeV)
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(3). Dark Higgs in alignment limit
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SM-like Higgs should align with 
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Higgs basis
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Alignment limit
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Condition: accidental cancellation
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2.  95% C. L. exclusion limits from LEP, Tevatron and LHC in Higgs searches 
and Higgs data fit;

3.  Approximate vacuum meta-stability.
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Scan ranges and Constraints:

1. 122<mH<129 GeV, including 2-loop corrections and NNLL resummation
contributions;
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~125 GeV
H,A,H+/-

h < 125 GeV

Dark Higgs boson: h
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6 GeV
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Conclusions

1. MSSM Neutralino DM is under siege from 
direct detection, but still alive.

2. It can satisfy the DM relic density and escape 
direct detection bounds, such as (1-3).

3. Digging out neutralino DM under neutrino 
floor needs the help of colliders.
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Thanks！
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Backup
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Wino, Higgsino DM and Bino DM mixed with Higgsino (well-tempered) has been tightly
constrained by direct detections and will be largely, even completed covered.

arXiv:1805.06206
Abdughani, Ren, Zhao

arXiv:1705.09164
Abdughani, Wu, Yang 
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