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Contents
discuss models with light thermal DM,

avoid the very strong constraints from the DM direct 
detection experiments.  
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Comparison with previous research
Light thermal DM scenarios have been proposed  
in many papers.  
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Matter content
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Lepton  
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and neutral component of 
are good DM candidates.
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Phenomenology



DM candidate and the annihilation
I consider the case that       is DM. This is similar to Inert doublet DM.
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・Large mass hierarchy is required to avoid the constraint of 

some couplings in Higgs potential should be large.

・Tuning parameters is needed because of constraints from invisible 
decay of 125 GeV Higgs and the EWPO.
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DMs (     ) annihilate to two fermions:
Indirect detection of       (DM)
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and        are produced via EW interaction.

slepton(    ) search mono-Z 

Mono-Z search is complementary to slepton search. 
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LHC13TeV with 139 fb
�1



Results assuming DM dominantly couples to τ and ντ .

DM annihilation to  
2 leptons 

gives the correct 
relic density

R. Higuchi, S. Iguro, S. Okawa, YO 
PRD109(2024)7,075007 (arXiv: 2310.13685 )



Deviation of h →γγ 
Is about 10 %

h

H+ γ

γ
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�3

Very large 
to make mass difference between 
 H and H+ large and suppress invisible 
decay of h.

125 GeV Higgs signal is deviated from the SM prediction. 

Heavier than ~250 GeV because of LHC

Another way to test this model
S. Okawa YO JHEP02(2021)231 (arXiv:2011.04788)



If extra fermion,    , is light than     ,    
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DM annihilation
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Yukawa couplings can be relatively small.
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Fermionic DM case
S. Iguro, S. Okawa, YO JHEP03(2023)010 
(arXiv: 2208.05487 )

S. Okawa YO JHEP02(2021)231 (arXiv:2011.04788)
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Fermion DM case

DM annihilation to  
2 leptons 

gives the correct 
relic density

(DM dominantly couples to τ and ντ )

S. Iguro, S. Okawa, YO JHEP03(2023)010 
(arXiv: 2208.05487 )



Summary
• I introduce a DM model where DM is scalar and the mass is lighter than 10 GeV. 
The setup is similar to Inert two Higgs doublet model, where the DM mass is 
around 60 GeV or heavy.  

• Fermion,    , is also a good DM candidate.  The Yukawa couplings are relatively 
small in the Fermion DM case. (arXiv: 2011.04788, 2208.05487, S. Iguro, S.Okawa and YO). 

• Bounds from DM physics are not strong.  

• We can search for the extra scalars and extra fermion at LHC. Mono-Z search is 
complementary to stau search. 

• Making mass difference among scalars is one issue: large couplings required in 
the scalar potential. → A solution is to add one more scalar (See arXiv: 2011.04788, 
S.Okawa and YO). 

• In Higgs physics, h →γγ is largely deviated (about 10 %) and invisible decay is 
also large, because of the large couplings.

END
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Scalar DM case

(DM dominantly couples to e and νe )

DM annihilation to  
2 leptons 

gives the correct 
relic density



Scalar DM case

DM annihilation to  
2 leptons 

gives the correct 
relic density

(DM dominantly couples to μ and νμ )

R. Higuchi, S. Iguro, S. Okawa, YO 
PRD109(2024)7,075007 (arXiv: 2310.13685 )



Extended model with a scalar

Additional coupling involving S

2011.04788  with Okawa

<latexit sha1_base64="iT3HNTxyfI5lEhlH9AwfFmmeC1c="></latexit>

Fields spin SU(3) SU(2)L U(1)Y U(1)L Z2

Qi
L 1/2 3 2 1

6 0 +
ui
R 1/2 3 1 2

3 0 +
diR 1/2 3 1 � 2

3 0 +
`iL 1/2 1 2 � 1

2 1 +
eiR 1/2 1 1 �1 1 +
 L 1/2 1 1 0 1 �
 R 1/2 1 1 0 1 �
� 1 1 2 1

2 0 +
�⌫ 1 1 2 1

2 0 �
S 1 1 1 0 0 �extra


