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arXiv:1304.4279

Potential WIMP hint in 
new CDMS II Si data

Their analysis resulted in 3 
events and the estimated 
background is 0.7 events.  
The finding has 3-sigma CL 
and hence does not offer 
conclusive evidence for 
WIMPs.
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DM direct search experimentsDM direct search experiments

Weakly interacting massive particles (WIMPs) may be directly detected 
via their interactions with nuclei.

Recent data on WIMP-nucleon spin-independent elastic cross-section.

Light-WIMP data                                                                              
(mass ~5-20 GeV)                                                                          
remain controversial.

DAMA, CoGeNT, and                                                                                 
CRESST-II observed                                                                                  
potential light-WIMP                                                                                  
evidence (their data                                                                                             
do not fully agree).

But LUX, XENON,                                                                                             
SIMPLE, and others                                                                                               
have not seen any                                                                                                   
WIMP evidence, and                                                                                                
hence provided only                                                                                                 
upper limits.
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Puzzle in light-WIMP data                                                                                            Puzzle in light-WIMP data                                                                                            

There are inconsistencies among                                                                     
light-WIMP data from different                                                                        
direct detection experiments. 

One of the ideas proposed to                                                                  
resolve the puzzle: allow sizable                                                              
isospin violation in WIMP-nucleon                                                               
interactions.
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Chang et al.
Feng et al.
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In IVDM case, some part of CDMS II (blue/cyan)
area still escapes all current exclusion limits, 
in contrast to DAMA, CoGeNT, and CRESST-II
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Interplay between Higgs & DM sectorsInterplay between Higgs & DM sectors

The two sectors may be intimately connected

This is the case especially in darkon models

If so, detecting the signs of one of them could shine light on still 
hidden elements of the other.

It is of interest to explore some of the implications of recent 
developments in the hunts for the Higgs and for DM in the 
contexts of simple frameworks.
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Simplest model: SM plus darkonSimplest model: SM plus darkon
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Simplest darkon modelSimplest darkon model
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Relic density of SM+DRelic density of SM+D
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Darkon annihilation rateDarkon annihilation rate
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Testing SM+D: direct detection of darkonTesting SM+D: direct detection of darkon

as  t << m
h

2  for slow D and N
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SM+DSM+D

SM+D with Higgs mass                                                                    
mh = 125 GeV

The prediction accommodates                                                          
well the light-WIMP hypothesis.                             
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Invisible Higgs in SM+D with light darkonInvisible Higgs in SM+D with light darkon

For a 125-GeV Higgs, the invisible decay mode is highly dominant for  
darkon masses  mD < mh /2 

except near  mh /2
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Invisible Higgs in SM+D with light darkonInvisible Higgs in SM+D with light darkon

For a 125-GeV Higgs, the invisible decay mode is highly dominant for  
darkon masses  mD < mh /2 

except near  mh /2

Thus the discovery of a 125-GeV Higgs implies that SM+D with a light  
darkon (under ~40 GeV) is ruled out.

To keep a light darkon, SM+D needs to be expanded.
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Two-Higgs-doublet model plus darkonTwo-Higgs-doublet model plus darkon

The Higgs sector is the THDM of type III

Both Higgs doublets couple to the fermions.

Neutral physical scalar Higgs fields h & H     

     

Darkon Lagrangian
    

       

Darkon mass & darkon-Higgs couplings

   

   

   

Yukawa Lagrangian
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Yukawa termsYukawa terms
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Higgs couplingsHiggs couplings
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Prediction of THDM+D                                                                                     Prediction of THDM+D                                                                                     

The prediction can accommodate                                                     
well the light-WIMP hypothesis.

The model has a SM-like                                                               
Higgs, h

The heavier Higgs, H, is largely                                                  
invisible.

This is consistent with LHC data.

H mass = 150, 200, 300 GeV
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THDM+D with isospin-violating DN couplingsTHDM+D with isospin-violating DN couplings

The observed relic density and  fn = –0.7fp  requirements lead to limitations on 
the predicted darkon-proton scattering cross-section.
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Prediction of THDM+D with isospin-violating DN couplingsPrediction of THDM+D with isospin-violating DN couplings

The maximum prediction (orange)                                                                   
curve is lower than the DAMA and                                                             
CoGeNT favored regions, but by                                                                        
only a factor of a few.

The prediction range (light orange)                                                                   
can easily accommodate the                                                                             
CRESST-II and CDMS II favored                                                                 
regions.

Much of the prediction (light                                                                  
orange) also escapes the LUX limit.
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ConclusionsConclusions

The discovery of the SM-like Higgs boson at the LHC implies that 
the simplest WIMP DM model, SM+D, with a light darkon (under 
~40 GeV) is ruled out.

To keep a light darkon in the presence of a SM-like Higgs, one 
needs to enlarge SM+D. 

This is achievable in THDM+D. 

THDM+D can also offer isospin violation in the WIMP-nucleon 
interactions at the desired level.

THDM+D can accommodate well the new possible hint of low-mass 
WIMPs from CDMS II, whether the WIMP-nucleon interactions 
conserve isospin or not, although there is partial conflict with the 
LUX result.
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