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DM annihilates to 2 leptons through Yukawa couplings

DM V; DM &,

DM U DM >

yi X" b Ye& X+ ! pm




Introduction

| study phonomenolgy in simplified models, namely lepton portal DM models,

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

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

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

Motivation

- avold the very strong constraints from the DM direct detection experiments.

Especially, we are interested In light DM region

Mpy | 10GeV

+ Discuss how to find such DM In the other experiments.

- Other observables, e.g., muon g-2 and LHC signals.
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In this talk,

1. | briefly summarize the results in the light DM scenario,

based on recent works with Higuchi, lguro, Okawa
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In this talk,

1. | briefly summarize the results in the light DM scenario,

based on recent works with Higuchi, lguro, Okawa
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This is bottom-up approach, so I am interested in the underlying theory

2. | 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.



1. Short review of the results
IN lepton portal DM models
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Note that there are 2 choices: DM is fermion or scalar:
Xor! isDM.



One simple setup

Lepton stabilize

num. DM
Fields spin  SU(3) SU(2)r, U(l)y U(l) Z9
Q.  1/2 3 2 - 0 —
ut,  1/2 3 1 - 0 -
dn,  1/2 3 1 —3 0 +
e 1/2 1 2 —2 1 +
e, 1/2 1 1 —1 1 +
extra VL 1/2 1 1 0 1 -
fermion g\  1/2 1 1 0 1 —
P 1 1 2 - 0 -
extra doublet (I)u\\ 1 1 2 % y —
\
I and neutral component of | | | to avoid too large
that corresponds to X, neutrino masses

are good DM candidates. radiatively induced.




The charge assignment allows this Yukawa couplings

— Ly =1y s D, Yr+ h.c

11" is vanishing, and decomposed as

H+
!!: 1 '
J'_Z(HJ”A)



The charge assignment allows this Yukawa couplings

—ﬁg:yy ,/wR—FhC

11" is vanishing, and decomposed as

H+
| = 1
s (H + 1A)
SR o
After EWSB. Lo=1y, |—=Vi(H —1A)Yr — et H Yr| + h.c
V2
Then, we obtain the annihilation
! V; H Vi

H |




For relic density
: S.Okawa, YO, JHEPO9(2020); S. Iguro, S. Okawa,
FSNJPOJD % . DBTF VO JLERO3 (20231010 (e 220805457

yflm!2 m?2

' N ' 1 _
(- Vrel)! a1 "y - 128" (m|2 + ma ' m2)2 1 m|2

If both DM and mediator (H) are light,
the annihilation becomes enough large to explain the relic density.



For relic density
ADBMBSH®. D Bididtike Inert doublet model

, R. Higuchi, S. Iguro, S. Okawa, YO
@*... . PRD109(2024)7,075007 (arXiv: 2310.13685 )
/ ~~~~~~~~ y/

()’{// \/5)4’"?1 .

607 (m3; +m3,)* ™

(O-Vrel )HH—)V,'\-/,' =~

If both DM and mediator (! ) are light,

the annihilation becomes enough large to explain the relic density.



One example of fermionic DM case

Yukawa

Other Yukawa
vanishing
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One of the strong constraints is from the LHC experiments.

R. Higuchi, S. Iguro, S. Okawa, YO PRD109(2024)7,075007 (arXiv: 2310.13685)
S. Iguro, S. Okawa, YO JHEPO3(2023)010 (arXiv: 2208.05487 )

H and | are produced via EW interaction.

sleptonf: ) search mono-£

Mono-Z search is complementary to slepton search.



m assuming DM dominantly couples to __ and
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DM annihilation to
2 leptons
gives the correct
relic density




RCS_U"S_ assuming DM dominantly couples to _ and
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2. One candidate for
the underlying theory



| consider a left-right symmetric model.

~Non-trivial U(1)y charges naturally embedded into SU(2)rR! U(1)8-L
SU3)! SU2), ! UQ)y SU3)! SUR). ! SU@)r! UWl)s L
~ Left-Right symmetry

| 4P ! R

solves the strong CP problem by the LR symmetry forbidding the  term.
Babu and Mohapatra, 90
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But several issues when construct LR symmetric models:

1) how to realize realistic fermion mass matrices,

2) dark matter candidates



1) how to realize realistic fermion mass matrices (guark mass matrices),

- One simple way is to introduce bi-doublet (! ) charged under both SU(2)L and SU(2)R:

1 A ] 2~ T ' A vl 20 uiul + Tyl 2v. d d
ViQL! Qr + Y QLI 'IQF ™D yjVityjVe UU + YyVat yivy df d
Pati, Salam, 75; Mohapatra,Pati 75, Mohapatra, Senjanovic 75

This setup causes tree-level FCNCs strongly constrained by flavor physics

YiHul u; + Y,PHd] dk

Heavy neutral scalar from @

See, for instance, 2103.12712:1804.07478



1) how to realize realistic fermion mass matrices (quark mass matrices),

- One simple way is to introduce bi-doublet (! ) charged under both SU(2)L and SU(2)R:
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- The other way Is to introduce 2 doublet scalars and vectorlike quarks

| U | Yl | 1l D | J | J Ui D ni N
! \ |
. S((sj/\(f/%/fe d,_,%gglet SU(2)R doublet / Balakrishna, Mohapatra "89; Babu, He "89; efc. n

\\ 3 light modes correspond to SM fields.




Matter content

Based on Balakrishna, Mohapatra 89; Babu, He 89; elc.

other ref., Borah, Dasgupta 17, Biswas, Vishnu P.K., Thapa 24, etc.

Fields spin SU(3). SU(2). SU(2r U 2z ZE  UQ),
(i=1,23) @i 1/2 3 2 1 1/3 1 1 0
Q. 1/2 3 1 2 1/3 1 1 0
ectorlike UL 1/2 3 1 1 4/3 1 W 0
quarks U, 1/2 3 1 1 4/3 W 1 0
for Di1/2 3 1 1 —2/3 1 0
quark masses |
Di  1/2 3 1 1 —2/3 w? 1 0
Ly 1/2 1 2 1 —1 W 1 1
Ly  1/2 1 1 2 ~1 1 W 1
SM-like Higgs [ 0 1 2 1 1 W 1 0
Hr 0 1 1 2 1 1 W 0

break SU(2)r! U(1)s-L

(Hp) = (0) (Hy) = (

0
UL



1) how to realize realistic fermion mass matrices (lepton mass matrices),
2) dark matter candidates
| want lepton lepton portal DM model, effectively, where there are Yukawa couplings like

y' II I! o
Extra singlet fermion

Lepton doublet SU(2)L doublet scalar



1) how to realize realistic fermion mass matrices (lepton mass matrices),
2) dark matter candidates
| want lepton lepton portal DM model, effectively, where there are Yukawa couplings like

y;T!!!"R

Extra singlet fermion

Lepton doublet SU(2)L doublet scalar

Neutral particles are DM candidates



1) how to realize realistic fermion mass matrices (lepton mass matrices),
2) dark matter candidates
| want lepton lepton portal DM model, effectively, where there are Yukawa couplings like

y' II I! o
Extra singlet fermion

Lepton doublet SU(2)L doublet scalar

a i [ 1 ~a 1 a

Neutral particles are DM candidates

This structure reminds us of radiative seesaw mechanism.

B Lepton mass matrices are radiatively induced.



Fields for DM and lepton mass matrices

Ficlds spin  SU(3). SU(2), SU2)r U(l)p_r ZF 7 U(1)r

! ny 1/2 1 1 1 0 1 1 1
a=1.23 Nx 1/2 1 1 1 0 1 1 1
1y L0 1 2 1 —1 W 1 0
(i=1,23) Z% 0 1 1 2 —1 1 W 0

Relevant couplings for mass matrices

a 7iil'i ~a i a — _a o
12 LiLpnf + LiLgng + Man2n® +1;

hy + 1AL hg + AR
< e

" H_.  HgLLk +hc

assumed flavor conserving



charged lepton mass matrix

IH " IH,
N\ /
AN /
AN ¥
AN /
- - -¥- — ~~
~ 1 - ~
- * ~ assume
7 N -
I / N él -
L/ \~R  flavor conserving
/ \
/ \
/ \
/ \
i | | i
e | < |
L Er

should be sizable
(for DM physics)

DM candidate

Charged lepton mass matrix i1s given by one-loop diagrams involving DM candidates.

' | 2
electron mass: Me = 1 H“ M7 ! (loop factor)
[11 IT1ASS should be tiny



Charged lepton matrix vs. Neutrino mass matrix

Charged lepton matrix \ Neutrino mass matrix (NO) )
| | - B |
| M [eV]= (V )., Mk V i |
l . o | PMNS Jik """' kK VPMNS "
| 0.000511 O o | | |
M, [Gev]=" 0 01057 0% | | |
| 0 o 1777 | | 0.0037 " 0.0017 + 0.00291 " 0.0068 + 0.0026i |
‘ ; I " " 0.0017" 0.0029i 0.031 Q021" 0.00033 ¥ |
| || " 0.0068" 0.0026i  0.021 +0.00033 0.025 ¢
| | \ . . |
J ~ mild hierarchy n
\ when mq! 0.01[eV] )
\\ o B ///

W\ V7
\ y
a ’.‘
N 2 "
_X*X P
N\ P
) =5
R
 \ WY 4
N 2 o
e N - ’,1
N e
NN o iamd



Neutrino mass matrix

\ (heavy) quarks

d“, dt

j!

|| N — DM candidates ) | |
. «lla | & 'R L | | o
(A) (B)

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




Neutrino mass matrix

1 L1 11

Effectively, H e

K mﬁL// R

/ | DM candidates

This structure is very similar to that of the charged lepton mass matrix.

e

(m); = 'E Y (V) Ve M1t (loop factor)

Neutral scalars mass structure is very crucial to make the difference!




Numerical Study for Neutrino mass matrix preliminary

with S. Iguro, S. Okawa, Keyun Wu

e 10 region L
Ml F / "]
X IR S
& 1"y & 1"y
T =8 7
= 'S = g N
\
g # TR o\
Scalar DM Scalar DM N\
[ \\
#!!" ‘ S R R A ‘ S S ‘ S S ‘ B B | ‘ #|'# \ L \ L \ BN \\
"1 1" 41 # #! #1] iy I"441 | |
/ ‘ ‘ [ N B ! ! L ! ! L I I T I I ] -

gl L

E Neutral scalar mass in the loo
VR — 25 TeV M L T T T T T T T = P

(M 1 =3 -4869\/J ;:»\: R EEER |
This is for electron mass f 1 % (almest) consistent
s "~ with other elements of |(Mi); |

Scalar DM

ERNE 1"#1

o My = Veuns diag(my, mp, M3) Ve s

i |
(Normal ordering)
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Relic density vs. lepton masses |

| with S. Iguro, S. Okawa, Keyun Wu
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Summary

. | am working on phenomenology in lepton portal DM models, where DM interacts
with leptons via Yukawa couplings.

. It both DM and mediator are light, relic density can be explained thermally and
the parameter region iIs very interesting from the phenomenological point view.
. | Introduce one left-right symmetry with SU(3)xSU(2)LxSU(2)rxU(1)B-L, where

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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M 7+ [GGV] R. Higuchi, S. Iguro, S. Okawa, YO PRD109(2024)7,075007 (arXiv: 2310.13685 )
- S. Iguro, S. Okawa, YO JHEP03(2023)010 (arXiv: 2208.05487 )




%

NEEE: T

Numerical Study for Neutrino mass matrix
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