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discuss models with light thermal DM,

Motivation
avoid the very strong constraints from the DM direct
detection experiments. 250314729, XENONAT
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WIMP-nucleon cross-section ¢5[cm?]

WIMP Mass Mpy [GeV/c?]



Comparison with previous research
Light thermal DM scenarios have been proposed

ir] many pa pers_ YO, Gondolo, PKo, '12; Alvarado,et al.,’21; Herms,et al., '22;
Asaiet al.,’21; Matsumoto,et al.,'19;Longas,et al.,'24; etc.
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Light new particles, in addition to DM, are (usually)
predicted, to realize the annihilation.

@ : light quarks, light leptons, light new particles

X : light Z’, light new scalar, light new fermion
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Light new particles, in addition to DM, are (usually)
predicted, to realize the annihilation.

¢ . light quarks, light leptons, light new particles

X : light Z’, light new scalar, light new fermion
in this talk
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Setup
of

light thermal DM models



construct models where DM DM —v v,

DM V;

DM V;

IS enough large to thermally produce DM.



construct models where DM DM —v v,

DM V;

DM V;

IS enough large to thermally produce DM.
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Required Yukawa couplings,

yi UV; X XDM




Matter content

Lepton stabilize

num. DM

Fields spin  SU(3) SU(2)p U(l)y U(l)r Z9

Q,  1/2 3 2 . 0 +

ut,  1/2 3 1 2 0 +

dp  1/2 3 1 —3 0 +

- 1/2 1 2 —1 1 |-

e, 1/2 1 1 —1 1 +-

v 1/2 1 1 0 1 =
Iy 172 1 1 0 1 _
0 1 1 2 : 0 +

extra CD,‘,\ 1 1 2 - 0 _

\

1 and neutral component of @,
are good DM candidates.

to avoid too large
neutrino masses
radiatively induced.




The charge assignment allows this Yukawa couplings
— Ly = yf/@aﬂbg + h.c.

(®,) is vanishing, and decomposed as
HT

by = <¢A§ (H+iA)>
o

After EWSB. — L=y ﬁug(H — iA)r — et H Y| + h.c.




The charge assignment allows this Yukawa couplings
— Ly = y;‘,giwg + h.c.

(®,) is vanishing, and decomposed as
HT
by = <¢% (H + iA)>

After EWSB. — Ly =19 |—=vi(H —iA)r — et H Y| + h.c.

V2
Then, we obtain the annihilation
(0 V; H V;
H (0

Y Vi H z



Phenomenology



DM candidate and the annihilation

| consider the case that H is DM. This is similar to Inert doublet DM.

The annihilation precess, in addition to the EW int., is

H Vi
P
H Vi
OV /V2)my
(OVrel ) HH—v,v; ™ 6075(171[2{ +m%;/)4 Vrel

_ _ _ masses <10GeV
To obtain the relic density,

- large Yukawa couplings are required (compared with % DM case. )

- My = My Is also favored, making use of coannihilation processes.



Constraints on H couplings

- Large mass hierarchy is required to avoid the constraint of H 4+

my < my ~ mg+ = O(100) GeV

. some couplings In Higgs potential should be large.

) » (Aa+2s)v? V = m3(®T®) + md(Did,) + 4y (D)2 + Ay (D] D, )
mH — mHi |

2 +23(DT D) (D)D) + Ay (D D) (D)D) + %[(cb*cbv)z +h.c]




Constraints on H couplings

- Large mass hierarchy is required to avoid the constraint of H 4+

my << my ~ my+ = O(100) GeV

. some couplings In Higgs potential should be large.

) ) (Ag + 2,5) V =m? (D' D) + md(DLd,) + 4 (D)2 + 1, (D] D, )2
Mpg = Mpy+ |

2 + 23(DTD) (D)D) + Ay (DT D) (D)D) + % (®T®y)* +h.c.]

- Tuning parameters is needed because of constraints from invisible

decay of 125 GeV Higgs and the EWPO.
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Direct detection of / (DM)

The interaction of H with nuclei is given by 125 GeV Higgs exchange

H Ao H
hi2s
mpg+ = my = 220 GeV
N[ e
—— (0, 0) (0.01, 1)
107"+ \ ce== (0,1) —— (=0.01,0) [ .
...... (0.01, 0) ====(0.0035, 0.5)7 Our predICtlonS Abe,Sato,’1 5

iIncluding loop corrections.

/ They are suppressed to be

consistent with the bound
from invisible Higgs decay.

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




Indirect detection of H (DM)

DMs ( H ) annihilate to two fermions:

H
P

H
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. R. Higuchi, S. Iguro, S. Okawa, YO
_Slgnals at the LHC_ PRD109(2024)7,075007 (arXiv: 2310.13685)

H and w are produced via EW interaction.

slepton(H+) search mono-Z~

Mono-Z search is complementary to slepton search.



mp = my = 1GeV
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Perturbativity (A<10TeV
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R. Higuchi, S. Iguro, S. Okawa, YO
PRD109(2024)7,075007 (arXiv: 2310.13685)



_BQSLI!IS assuming DM dominantly couples to T and v < .
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R. Higuchi, S. Iguro, S. Okawa, YO
My [GGV] PRD109(2024)7,075007 (arXiv: 2310.13685 )



Another way to test this model

S. Okawa YO JHEPO2(2021)231 (arXiv:2011.04788)

125 GeV Higgs signal is deviated from the SM prediction.

Heavier than V280 GeV because of LHC

\ 0.900F
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/ \ |
/
R |
\ N 0896 - Deviation of h Y r
\_//% = : s about 10 %
N _
Very large | |
' 0.894
to wmake mass difference bebween
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S. Okawa YO JHEPO2(2021)231 (arXiv:2011.04788)

Fermionic DM case

S. Iguro, S. Okawa, YO JHEP0O3(2023)010
(arXiv: 2208.05487 )

If extra fermion,q) , is light than H, % is DM.

DM annihilation

b al Vi
H
Vs
w Uy J
(05e) Yoy 1
OUrel ) ipop—vi —
Vph— 1287T(mi + m3%, — m2)? mfb

Yukawa couplings can be relatively small.



FermiOn DM case S. lguro, S. Okawa, YO JHEP0O3(2023)010
(arXiv: 2208.05487 )

(DM dominantly couples to T and vr D)
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Summary

| 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.0Okawa and YO).

In Higgs physics, h = ¥ ¥ is largely deviated (about 10 %) and invisible decay is

also large, because of the large couplings.
END
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Scalar DM case R. Higuchi, S. Iguro, S. Okawa, YO
PRD109(2024)7,075007 (arXiv: 2310.13685 )

(DM dominantly couples to e and ve D)
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S I DM R. Higuchi, S. Iguro, S. Okawa, YO
caldl CdSC PRD109(2024)7,075007 (arXiv: 2310.13685 )

(DM ciomihahﬂv couples to U and vy )
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Extended model with a scalar
2011.04788 with Okawa

Fields spin SU(B) SU(Q)L U(l)y U(l)L Z2
QY  1/2 3 2 - 0
u's 1/2 3 1 % 0 +
dy,  1/2 3 1 —2 0 +
e 1/2 1 2 — ' +
e’y 1/2 1 1 —1 +
v 1/2 1 1 0 —
Yvr  1/2 1 1 0 —
@ ‘ 1 2 = 0 +
®, 1 2 % 0 —
extra S 1 1 0 0 —

Additional coupling involving S
—AL=Asd'®,S + h.c



