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New LUX and PandaX-II Results 
Illuminating the Simplest Higgs-Portal 
Dark Matter Models
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The  simplest:  SM  +  a  real  scalar!
The  Darkon Model  
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The  discovery  of  Higgs  in  2012
mass  is  about  126  GeV
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D	  is	  stable	  due	  to	  a	  D-‐>	  -‐ D	  Z’2 symmetry.

After	  H	  develops	  VEV,	  there	  is	  a	  term:	   v	  DD	  h.
This	  term	  is important	  for	  annihilation	  of	  D	  D	  -‐>	  h	  -‐>	  SM	  particle	  
This	  term	  also	  induce	  h	  -‐>	  DD	  if	  DM	  mass	  is	  less	  than	  half	  of	  the	  Higgs	  mass
increasing	  the	  invisible	  decay	  width	  and	  make	  the	  LHC	  detection	  harder!
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Dark matter relic density and direct detection allow
solutions with dark matter mass less than half of Higgs
mass. H -‐> DD allowed.
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ΩDMh2  =0.1189+- 0.0031

If	  dark	  matter	  mass	  is	  heavy	  mD >	  450	  GeV no	  
problem	  for	  both	  relic	  density	  and	  direct	  detection.	  
But	  is	  small	  than	  mh/2,	  there	  are	  problems	  with	  direct	  
detection	  and	  also	  invisible	  Higgs	  decay!
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When  going  beyond  the  simplest  model,  
how  much  one  can  recover  regions  ruled  out  
in  SM  +  Darkon model?

Two  Higgs  Doublet  Models

When  going  beyond  the  simplest  model,  
how  much  one  can  recover  regions  ruled  out  
in  SM  +  Darkon model?

Two  Higgs  Doublet  Models



Take  THDM  II  for  illustration.

Z2 symmetry:  H2 ->  - H2,  UR ->  - UR
Other  fields  do  not  change  sign.
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Potential:  L  =    - VD  -VHPotential:  L  =    - VD  -VH

Z’2 ensure  D  stable:  D  ->  -D,  other  fields  do  not  
change.
M12 term  breaks  Z2,  required  by  phenomenology
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Important  constraints  from  LHC:
Invisible  width  less  than  16%  rule  out  DM  mass  less  than  about  
half  of  Higgs  Mass!  
Indicated  by  balck dashed  line.
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There  are  also  considerations  from  perturbativity,  vacuum  
stability  and  unitarity.
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ConclusionsConclusions
In  the  Simplest  darkon model,  DM  mass  below  450  GeV
is  ruled  out,  except  a  small  region  near  half  of  Higgs  
mass.  There  the  cross  section  is  close  to  the  neutrino  
back  ground  floor.

In  THDM  II  +  D  model,  a  portion  of  DM  range  can  be  
recovered,  but  LHC  data  and  also  theoretical  
considerations  from  perturbativity,  vacuum  stability  and  
unitarity rule  out  DM  mass  below  60  GeV if  the  125  GeV
Higgs  is  the  DM  portal  and  100  GeV if  a  heavy  Higgs  is  
the  DM  portal.
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