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暗物质问题 



Candidates of the cold dark matter－  stable、
neutral、weak interacting 

• There are dozens of theoretical models in the literature 

• Weakly Interacting Massive Particles (WIMPs) as thermal 
relics of Big Bang is a natural candidate of CDM－
independently proposed by particle physics. 

• such as neutralinos, KK states, Mirror particles … 

The WIMP miracle: for 
typical gauge couplings 
and masses of order  
the electroweak scale, 
Ωwimph2 ≈ 0.1 (within 
factor of 10 or so)  
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WIMP is the most favored.



Thermal history of the 
WIMP (thermal 

production) 
χχ +↔+ ff

ff +→+ χχ

At T >> m,  

At T < m,  

At T ~ m/22,                    ，decoupled, 
relic density is inversely proportional to 
the interaction strength     

For the weak scale interaction and 
mass scale (non-relativistic dark 
matter particles)                             ,     
if                                     and                                       
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WIMP is a natural dark matter 
candidate giving correct relic density 
(proposed trying to solve hierarchy 
problem). 

Thermal equilibrium 
abundance 

Hvn ~σ=Γ



 



WIMP – electroweak multiplets 

• SUSY neutralino 1-2-3 
 
 
 
 
 
 
 
 
 



Constraints from DM searches (SDFDM) 

Parameter space is stringently constrained by direct detection, except for some 
regions where the DM couplings to Z and Higgs are suppressed 



Constraints from DM searches (DTFDM) 

Details are given by ZhaoHuan’s talk. 



Higgs vacuum stability 

• The SM Higgs mass implies that the vacuum is 
metastable. 
 
 
 
 
 

• How does dark sector affect the vacuum stability? 

Degrassi et al, 
JHEP1208, 098 (2012) 



Matching and running 



Initial values in Msbar scheme 



Inputs and tree level relation 



One loop level corrections 



Msbar parameters 

• Adopting the relation                              we have 
 



Singlet-doublet DM model 

modify the 
vacuum stability 



Beta function 



Running couplings 



Effect of 1-loop matching 



Matching scale 
• Since mDM is varying, we have to fix a scale to 

match the parameters, we choose set it at Mt 
• We have checked that the effect is not very 

important  



Vacuum stability 



Vacuum stability in SD MD 

Constrain vacuum not 
to be unstable set 
constraint on Y. 



Doublet-triplet DM model  



Vacuum stability in the DT model 

Difference of beta function leads to 
very different results 



Triplet-quadruplet DM model 



Vacuum stability 

High dimensional Multiplets are dangerous to make the theory nonperturbative! 



Summary  

• Study the EW multiplet DM models on the 
vacuum stability, which give strong constraints on 
the model parameters. 

• We use 1-loop matching and 2-loop beta function; 
high order loop corrections are important. 

• It is interesting that in some parameter space 
vacuum can become stable; such case deserves 
more study. 

• High dimensional multiplets lead bad behavior at 
high energy and should be avoided.  
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