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1. SUSY DM: WIMP and Super-WIMP



Origin of Mass ?

Nature of Dark Matter ?

Mater-antimatter asymmetry ?



Naturalness (TeV Physics) Dark Matter

• Possible non-WIMP candidates:   gravitino, axino



1. Coannihilation

2. Blind Spot

Possibilities:

Roszkowski et. al, 1707.06277

3. ……



Light Heavy

SuperWIMP

Multi-messenger Era:

DD, IDD, LHC

telescope, radar, pulsar timing, GW 

cavity, atomic clock, quantum sensor 



2. keV Gravitino, Hubble tension and LHC



Gravitino

• Local SUSY transformation 

• Spin 3/2 Majorana field 

• Coupling ~ , no signals in Direct Detection 

• Mass (SUSY breaking mechanism):
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Gravitino DM



Gravitino problem

Weinberg 1982 

Pagels and Primack 1982 

 KeVmG̃ < 𝒪(1)LSP

τ(G̃ → γB̃)  GeVmG̃ > 𝒪(104)NLSP

Low SUSY breaking scale: mG̃ ∼ F2/MPL



Moroi, Murayama, Humaguchi 1993

 keV ?mG̃ > 1 Yes
Low Reheating Temperature TR

scattering

decay

Thermal leptogenesis



Can we do better?

decay

extra entropy production, then dilute gravitino abundance

(non-) renormalizable couplings 
(superpotential,Kahler function)

E. Baltz and H. Murayama 2001

M. Fuji and T. Yanagida 2002

Gauge Mediation



Cosmological scenario of light Gravitino DM
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Constraints-1: relic density

0.075 < Ω3/2h2 < 0.126



Constraints-2: BBN



Constraints-3: free streaming length 

λFS ≃ 0.6Mpc × ( mB̃

10m3/2 ) ( τ
104sec )

1/2

× 1 + 0.1 log
10m3/2

mB̃ ( 104sec
τ )

1/2

 MpcλFS < 1



Constraints-4: LSS and CMB

exp(−4.9f ) > 0.95 f < 0.01



Constraints-5: velocity

Thermal:

Non-thermal:



Dilution factor: 29-266

Fraction of non-thermal DM: < 10−3

 ~ 1 GeV,  ~ 10 keVmB̃ mG̃



Question of Expansion Rate of Universe

Verde, Treu and Riess, 2019



Increasing effective neutrino species, ΔNeff

If DM particle is sufficiently light, it may 
mimic an additional neutrino species. 

reduce

sound horizon 

angular diameter distance  
to the last scattering surface 

angular position of  
the acoustic peak 

Bernal, Verde, Riess 2016Hooper et al, 2011



χ̃0
1 → G̃γ

Non-thermal production of gravitino as Dark Radiation

γG̃(t) = 1 +
(m2

B̃ − m2
G̃)2

4m2
B̃m2

G̃

⋅
τ
t

ΔNeff = f × (γG̃ − 1)/0.16



LHC can test it !!!

G̃

γ

γ

G̃

Slepton pair



LHC

Dark  
Matter

1. Hubble tension may be a big challenge for standard LCDM. 

2. Cold+Warm DM, such as gravitino, may solve this problem. 

3. LHC can play a complementary role of testing such a solution.

3. Conclusions



Thanks! 
Welcome to Nanjing!



TG̃
f ≃ 1TeV (

g*

230
)1/2 (

m3/2

10KeV
)2 (

1TeV
mg̃

)

TB̃
dec ∼

mB̃

20

TM̃
dec ∼

10
π2g*

1/4
ΓM̃mPL



TR < TG̃
f





At the matter-radiation equality,  the  energy  density  
per  neutrino  species  is  approximately equal to 16% 
of the energy density of CDM. 

This implies that the non-thermal gravitino dark matter 
that has a  kinetic  energy  equivalent  to  1.16  can  
be  regarded as an additional neutrino species.)

an extra radiation density


