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 Introduction
I study phonomenolgy in simplified models, namely lepton portal DM models,
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where there are one DM and mediators that interact with leptons.

See  JHEP08(2020)042 (arXiv:2002.12534) 
        with  J. Kawamura, S. Okawa
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 Introduction

with R. Higuchi, S. Iguro, J. Kawamura, S. Okawa.

Motivation

・avoid the very strong constraints from the DM direct detection experiments.  
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・Other observables, e.g., muon g-2 and LHC signals.  

Especially, we are interested in light DM region

・Discuss how to find such DM in the other experiments.

where there are one DM and mediators that interact with leptons.

See  JHEP08(2020)042 (arXiv:2002.12534) 
        with  J. Kawamura, S. Okawa

I study phonomenolgy in simplified models, namely lepton portal DM models,
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In this talk,

1. I briefly summarize the results in the light DM scenario,
based on recent works with Higuchi, Iguro, Okawa

This is bottom-up approach, so I am interested in the underlying theory

PRD109(2024)7,075007 (arXiv: 2310.13685)  
JHEP03(2023)010 (arXiv: 2208.05487) 



In this talk,

1. I briefly summarize the results in the light DM scenario,
based on recent works with Higuchi, Iguro, Okawa

This is bottom-up approach, so I am interested in the underlying theory

2. I introduce a left-right symmetric model,

that can effectively realize the lepton portal DM model.

The light (DM) particles are required by the realistic lepton mass matrices.

PRD109(2024)7,075007 (arXiv: 2310.13685)  
JHEP03(2023)010 (arXiv: 2208.05487) 



1. Short review of the results  
    in lepton portal DM models
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One simple setup

extra doublet

stabilize 
DM

extra 

fermion

Lepton  
num.

and neutral component of       , 

are good DM candidates.
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The charge assignment allows this Yukawa couplings
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After EWSB

The charge assignment allows this Yukawa couplings
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For relic density
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One example of fermionic DM case S.Okawa, YO, JHEP09(2020)
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On those lines, 

correct DM relic density

is realized thermally  

mediator mass

DM mass

Yukawa
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and        are produced via EW interaction.

slepton(    ) search mono-Z 

Mono-Z search is complementary to slepton search. 

missing
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DM annihilation to  
2 leptons 

gives the correct 
relic density

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

Results assuming DM dominantly couples to ��  and �� ��  .
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DM annihilation to  
2 leptons 

gives the correct 
relic density
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2. One candidate for  
    the underlying theory



I consider a left-right symmetric model. 
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・One simple way is to introduce bi-doublet (      ) charged under both SU(2)L and SU(2)R:  

This setup causes tree-level FCNCs strongly constrained by flavor physics
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Matter content Based on Balakrishna, Mohapatra `89; Babu, He `89; etc.
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2) dark matter candidates
I want lepton lepton portal DM model, effectively, where there are Yukawa couplings like

Lepton doublet SU(2)L doublet scalar

Extra singlet fermion
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I want lepton lepton portal DM model, effectively, where there are Yukawa couplings like
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Neutral particles are DM candidates

2) dark matter candidates
1) how to realize realistic fermion mass matrices (lepton mass matrices),



I want lepton lepton portal DM model, effectively, where there are Yukawa couplings like

Lepton doublet SU(2)L doublet scalar
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This structure reminds us of radiative seesaw mechanism.

Neutral particles are DM candidates

Lepton mass matrices are radiatively induced.

2) dark matter candidates
1) how to realize realistic fermion mass matrices (lepton mass matrices),



Fields for DM and lepton mass matrices

Relevant couplings for mass matrices
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Charged lepton mass matrix is given by one-loop diagrams involving DM candidates.

charged lepton mass matrix
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Charged lepton matrix vs. Neutrino mass matrix

Charged lepton matrix Neutrino mass matrix (NO)
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Neutrino mass matrix is given by three-loop diagrams involving DM candidates.

Neutrino mass matrix
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Neutrino mass matrix is given by three-loop diagrams involving DM candidates.
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Numerical Study for Neutrino mass matrix

<latexit sha1_base64="bUgdyDi0nhY6udigBwzCvCJpFzk="></latexit>

vR = 25 TeV
<latexit sha1_base64="84AzkkZpkiRTsPIwwEqao1POOZ0="></latexit>

M 1 = 3 .48GeV

preliminary

!"! �� #!! !

!"!# !"#! # #! #!!
#! ! "

#! ! #

#! ! $

!"!!#

!"!#!

!"#!!

! %&! !$%&"

!"
!

��
# !!

!
$!"

%

!"! �� #!" !

!"!# !"#! # #! #!!
#! ! #

#! ! $

#! ! %

!"!!#

!"!#!

!"#!!

! &'! !$%&"

!"
!

��
# !"

!
$!"

%

!"! �� #!" !

!"!# !"#! # #! #!!
#! ! #

#! ! $

#! ! %

!"!!#

!"!#!

!"#!!

! &'! !$%&"

!"
!

��
# !"

!
$!"

%

Scalar DM

Scalar DM Scalar DM

1��  region

(almost) consistent
with other elements of

<latexit sha1_base64="HDzx2RRhfIuMf77zf1K/n4LAVQM="></latexit>

|(M ! )ij |

<latexit sha1_base64="QmamEg7m7mM4vxn6eN6AUCjg54c="></latexit>

M ! = VP MNS diag(m1, m2, m3) V  
P MNS

(Normal ordering)

Neutral scalar mass in the loop

This is for electron mass

Dirac DM Dirac DM

Dirac DM
(DM mass in Dirac DM region)

(DM mass in Scalar DM region)

       with  S. Iguro, S. Okawa, Keyun Wu
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• I am working on phenomenology in lepton portal DM models, where DM interacts  
with leptons via Yukawa couplings. 
• If both DM and mediator are light, relic density can be explained thermally and 
the parameter region is very interesting from the phenomenological point view.  
• I introduce one left-right symmetry with SU(3)×SU(2)L×SU(2)R×U(1)B-L, where 

Summary

quark mass matrices are given by the tree, 

charged lepton mass matrix is given by the one-loop,

neutrino mass matrix is given by the three-loop diagrams.

• The DM candidates are the neutral fields in the loops. 
• Both light DM and light mediators are required by realization of lepton mass matrices, 
so the LR model is one good candidate for underlying theories of our lepton portal  
DM models with light DM.
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Numerical Study for Neutrino mass matrix
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Mixing para. among neutral scalars


