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- DM couples to only leptons.

- There are many types:
DM Is scalar or fermion.



Interesting points of lepton portal DM models

- Setup Is very simple, and could be interrupted as effective
models of many extended SMs.

* Strong bound from DM direct detection can be evaded at the
tree level, but at the one-loop -

3. Kawamura, S. Okawa, Y0, JHEPog(2020)042 (arXiv:2002:125634)

- The mediator predicts characteristic signals at the LHC.

S. Iquro, S. Okawa, Y0, JHEPo3(2023)010 (arXiv:220%.054%7)



In this talk,

DM Is Dirac fermion

2303.14729, XENONNT

1 o sensitivity 2 o sensitivity

DM mass is light:
10MeV S ™M DM S 10GeV

where the bound from the
direct detection is not strong.

WIMP-nucleon cross-section o5![cm?]

WIMP Mass Mpy [GeV/c?]

- | Introduce our predictions for Higgs signals, collider signals,
as well as DM signals.



Setup
of
lepton portal DM model



Matter content stabilize
DM
Fields spin  SU(3) SU((2)p U(l)y U(l)g Zo
Q. 1/2 3 2 : 0 -+
up  1/2 3 1 2 0 1
dp  1/2 3 1 —1 0 n
e 1/2 1 2 —1 1 +
er  1/2 1 1 ] | n
DM ()8 1/2 1 1 0 1 _
Yr  1/2 1 1 0 1 -
® 1 1 2 ! 0 4
extra @, 1 1 2 : 0 _

Relevant couplings
— Ly =1y, 05 ©,Yp+ h.c.

After EWSB. — Ly = yf, —VZL(H — ’iA)“»DR — €iLH_¢R

+ h.c.




New particles and relevant couplings

DM couplings A/H/H+

N When assume DM ciomima\mﬂj
\\\ / ﬁoupms to T and vt
Y,
v, /T



New particles and relevant couplings
DM couplings A/H/H+

N When assume DM c&omimamﬁiv
\\\ / @(L)MFL@.S to T and vt
Y,
v, /T
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Extra scalar couplings Related to
scalar mass difference




DM annihilate to leptons through scalar exchange

2002.12534 with Kawamura, Okawa

Assuming DM domin&m&i.j f:c:»upi.es Fo T and vq

Yy v/

: Exkra
Divac DA ; doublet
(SMk stiaglet) scalar

Uy [T




Direct detection

DM scatters with nuclel at the ov\ewi.oc:p level,
and the cross section is enough large to be tested.

2303.14729, XENONNT

1 o sensitivity 2 o0 sensitivity

10—43

10—44

10—45

YVYY

N

WIMP-nucleon cross-section oS[cm?]

WIMP Mass Mpy [GeV/c?]

Please checle the paper with J. Kawamura, S. Okawa,
(JHEPox(2020)042 (arXiv:2002:125834)).



Let’s see vey light DM region !

2303.14729, XENONNnT

1 o sensitivity 2 o0 sensitivity

Focus on light DM region,

10MeV S ™M DM § 10GeV

that can evade the strong bound
from direct detection.

WIMP-nucleon cross-section oS[cm?]

WIMP Mass Mpy [GeV/c?]



Let’s see vey light DM region !

assuming DM ciomivmmﬂv &‘:Oupi.@.s to T and v .
If DM is lighter than T, DM annihilates to v

/ Exbtra eubral scalar

T

Y, Vr




Let’s see vey light DM region !

assuming DM ciommomﬂv toupi.es to T and v .
If DM is lighter than T, DM annihilates to v

T

Y, Vr

Exbra aeubral scalar

( ) yﬁ’”%p { m?
o o
rel Japip— v 1287_‘_(”11 | 7722 mIQ/)Q mi

Light DM requires a light neutral scalar



Parameters for
light DM and light mediator

DM mass: My < 10 GeV
myp — 125 GeV

My closeto 1My

I Large mass hierarchy

ma=mpmg, > 0(100) GeV

Y

From EWPOs and collider bounds



Parameters for
light DM and light mediator

DM mass: My < 10 GeV
mp = 125 GeV Mass differences

given by para. in scalar potential

Suppressed
My closeto 71y ——

2 2
mA — m'H+
Large mass hierarchy

m%{ = m%ﬁ i

ma=mpmg, > 0(100) GeV T

Y

From EWPOs and collider bounds
V =m?(®'®) + md(D)dy) + A (DTD)% + Ay (D] Dy )

+23(D7D) (P Dy )




Phenomenology



Parameters to lead correct relic density of DM

(DM domimam&tv couples to 1 and vt ) 2011.04788 with Okawa
Chu,et.al., minimal model, my+ =m4 =300GeV
PRD99(2019) T
no.1 015040 Direct
10 ing detection

CMB (77~

Fermi
TE AN *
60 GeV
I DM annihilation to 2 v
gives the correct

0.10 \ y; relic density
Boehm, et.al,
JCAP08(2013)041; etc. | \

oot | o mmmOMEY
0.001 0.010 0.100 1 10
my [GeV]

Vy




Prediction deviates from the SM in the 125 GeV Higgs signal.

2011.04/7/88 with Okawa

0.018+
h c&e@ajs to HH,
that is thvisible det&v of k. '
0.016 -
A345 — - Briny = 0.19 (CMS
_(Z/Uh + hQ)H? 3 0.014F Iinv 19¢( )
shouici b@. SMPE‘?T‘@;SSEC&« 0.012F
I Bri,v = 0.13 (ATLAS)
A345 = A3+ Aq + A5 -
0.010+ -
gives large mass differences 001 ot0 T o Tioo

bebween H+ and H my [GeV]

| —— S




Prediction deviates from the SM in the 125 GeV Higgs signal.

2011.04/7/88 with Okawa
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Prediction deviates from the SM in the 125 GeV Higgs signal.

2011.04/7/88 with Okawa
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h—YY deviates from the SM prediction!
2011.04788 with Okawa

Heavier than ~280 GeV because of LHC
A3 =2m3s VP

\ 0.900F T

HT ¥
/ - ~ \r\’\’\’\} 0898 -
\ L
h — - _ _()\3 /\
\ %s\\ 0896 - Deviation of h =y r
\\_//ﬁ% : ls about 10 %
Y ﬁ

0.894 -

large A3 enhance this 100!@ conkribukion !

0.892 -
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Signals at the LHC



The extra scalars can be produced at the LHC.

stau(H.) search mono-Z

Mono-Z search is complementary to stau search.



Allowed parameter region S. Iguro, S. Okawa, YO JHEP03(2023)010
(DM dominantly couples to T and vr Y (arXiv: 2208.05487 )

0.50

N
)
0.10 DM annihilation to
2 leptons
0.05 gives the correct
relic density
0.01

0.01  0.10 : 10




Allowed parameter region in the light lepton case

. S. Iguro, S. Okawa, YO JHEPO3(2023)010
(‘DM dOMLV\O\M&Lv ﬁOMF’.ﬁS fo e and ve ) (arXiv: 2208.05487 )

O
o))
0.10 DM annihilation to
2 leptons
0.05 gives the correct
relic density
0.01

001 0.10 1 10




Summary

. DM lighter than 10 GeV can evade the strong bound from the direct
DM search. Mediator should be also light.

. 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, deviation of h = y is about 10 % and invisible
decay Is also large, because of the large couplings.

. We can search for the scalars at LHC: Mono-Z search is

complementary to stau search.

. Please check our recent paper on scalar, H. DM scenario.
(arXiv: 2310.1368b5, Higuchi, Ilguro, Okawa, YO)

END



Backup



Heavy region 2002.12534 with Kawamura, Okawa

Dirac DM, doublet mediator
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1
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In this sEu.dj, we assume DM c&ommamﬁv couples to u.



Allowed parameter region S. Iguro, S. Okawa, YO JHEP03(2023)010
(DM dkomma&\&i.v couples to U and vy )@rXiv:220805487)
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It is possible to test in the indirect detection. .51 04783 with Okaws

Our DM annihilates to v -
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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 +
ds,  1/2 3 1 —2 0 +
o 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 +
d, 1 2 % 0 —
extra S 1 1 0 0 —

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



