
The Case of Light 
Neutralino
Dark Matter 

Zhen Liu

with Tao Han and Shufang Su, to appear



Motivation
Particle DM is well-motivated!

We explore DM from ALL DIRECTIONS with 
unprecedented (and growing) precision!
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Recent results and plans of CDMS, talk by Bernard Sadoulet



Motivation



Motivation

T.Han, ZL, A. Natarajan 1303.3040

.

Collider Searches from 

Mono-jet, photon, Z, b… 

mono-everything!

Collider indirect probes 

with model assumed, Higgs 

precision/Higgcision. 



Motivation

T.Han, ZL, A. Natarajan 1303.3040

“the most beloved” SUSY models.

highly constrained highly predictable.

Collider Searches from 

Mono-jet, photon, Z, b… 

mono-everything!

Collider indirect probes 

with model assumed, Higgs 

precision/Higgcision. 



Motivation

T.Han, ZL, A. Natarajan 1303.3040

“the most beloved” SUSY models.

highly constrained highly predictable.

Collider Searches from 

Mono-jet, photon, Z, b… 

monoeverything!

Collider indirect probes 

with model assumed, Higgs 

precision/Higgcision. 



Motivation

T.Han, ZL, A. Natarajan 1303.3040

“the most beloved” SUSY models.

highly constrained highly predictable.

Collider Searches from 

Mono-jet, photon, Z, b… 

monoeverything!

Collider indirect probes 

with model assumed, Higgs 

precision/Higgcision. 



Motivation

T.Han, ZL, A. Natarajan 1303.3040

“the most beloved” SUSY models.

highly constrained highly predictable.

Collider Searches from 

Mono-jet, photon, Z, b… 

monoeverything!

Collider indirect probes 

with model assumed, Higgs 

precision/Higgcision. 



Neutralino LSP in the 
NMSSM
Neutralino LSP serves as good DM candidate in R-
parity conserving SUSY models

A mixture of Bino, Wino, Higgsino and Singlino



Higgs Sector in the NMSSM

For discussion about Low-mass Higgs states, see our work

N.Christensen, T. Han, ZL and S. Su, 1303.2113



Light Neutralino LSP
Light Wino/Higgsino unlikely due to

Underabundant/No light Chargino/Direct Detection 
Rate High

Bino and Singlino are pretty inert



Light Neutralino LSP
Ways out if assuming thermal relic

Famous “Funnel” regions to hit the s-channel 
resonance for the mediator.

Especially near the PQ-limit NMSSM, automatically 
light CP-odd singlet like Higgs. 

Famous “Co-annihilation” regions to have sfermions
in thermal equilibrium help LSP annihilate 
efficiently.

Dark Light Higgs, P.Drapper, T.Liu, 

C.Wagner, L-T. Wang and H.Zhang

A.Arbey, M.Battaglia and 

F.Mahmoudi, 1205.2557
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Finding the Solutions
Using modified 
NMSSMTools4

Multiple way of 
scanning:

General

Dedicated

Seeded

Log prior used 

for several 

dedicated scans
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Direct Detection

Tight/Loose relic Density required

For Solid/Shaded 

Red A1/H1-funnel

Blue Stau coannhilation

Green Sbottom coannihilation

coherent neutrino scattering 

LUX

LZ
superCDMS

CDMS

superCDMS



Indirect Detection

Solid/dashed lines:
Combined Exclusion from Fermi-LAT from inner galaxy and dwarf galaxies 

assuming DM annihilate to bottom pair/ tau pair assuming NFW profile

Shaded:

Best fit for GeV Gamma Ray Excess for 35 GeV DM into bb.



126 GeV
Higgs Boson!

Not much Enhanced Diphoton

Stau, sbottom loop does not 

contribute much in our case as one 

expected from limits of Br of Higgs.

Exotic decays

Up to 30%

May have 

triggering issue. 

See discussions 

by the Exotic 

Higgs Decay 

Working Group,

1312.4992



Example: 
Light h1 properties
Generally singlet-Higgs-like

<10% SM Higgs production 

rate for most modes for a given 

mass

Mainly bottom pairs

tau pairs.

Decay to LSP pairs 

kinematically

suppressed as well as 

required by efficient 

annihilation.

a1 pairs possible



Summary
We discuss

• <40 GeV neutralino DM in the NMSSM (sfermion

coannihilation also viable in the MSSM)

• (Speculated) Viable Solutions found for

• a1,h1-funnel

• Stau coannhilation

• Sbottom coannhilation

• Discuss the complementarity of different DM searches; 

(spin-independent, spin-dependent) direct searches, indirect 

searches (including Gamma-ray excess)

• Relevant collider signatures discussed/proposed; see more in 

the paper to come
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Tuning?
Showed up in many places

1) Resonance

2) Co-annihilation small mass splitting

3) Z decoupling



LEP Constrians from mono-
photon




