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Introduction

Thermal dark matter
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m [hermalized with SM particles in early universe.

m To get Q7> = 0.12, roughly o ~ 1pb ~ 107°cm?/s ~ 1073%cm?
(only log dependent on DM mass)

m Mass range: 10 MeV — 100 TeV
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Introduction

Status of direct detection experiments
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WIMP Mass [GeV/c?]
m LZ gives the strongest bound 2.2x107™* cm? at 43 GeV.

m Low sensitivity at low DM mass due to experimental threshold

Takashi Toma (Kanazawa U.) A radiative ¥ mass model with semi-ann. BDM 3rd September 2026 3/14




Boosted DM

m Semi-annihilations

Xx = X¢ (v, = 0(0.1 -1))
Zs symmetric DM = cubic coupling £ O y*

m SIMP, Co-SIMP
XXX — XX» XXP — XP

X X X X
=8 =8
X X P p
X2 X1
m Multi-component DM >.<
X2X2 =7 X1X1 X2 X1
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Our previous work

(25 (021v) = 10" cm3s~! m Model independent study
= m [ he excluded region is sharply
—27["
10 cut at a small DM mass due
10-2912 to experimental threshold.
- m XENONNT excluded
g o, ~ 107 [cm?] around
S 1077 m, ~ 30 MeV
DARWIN: o, ~ 107° [cm?]
10-35| g
m Coherent enhancement is lost
10777} for larger DM mass.
107323 52 5o 00 T What model can realize this

my [GeV] scenario’?
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Model building

Model building
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Model building

Model building
Ly | ep | Yr | vp | H | 2 n | X
SU(2);, 2 1 1 1 2 1 2 |1
U(1)y -1/2 1 0 0 1/2 0 1/2, 0
Global U(1);,| 1 -1 |-1/3-5/3 0 2 12/312/3
Remnant Zs | 0O 0 1 | -1 0 0 1 1
Spin /2 1/2 |1/21/2 0 0 0 | 0
Lagrangian

L= i@ + 0,51 + Dyl + [0.x)* — V(H, 2,1, x)

o (yaHTéaLa + (yu)ian@iPLLoz + (y;)ijxw_fPij -+ (yg)ZZ@ZPszZ -+ hC)

= V(H,Z,T},X) 2 )\HZ‘H‘QIZ‘Z ‘I‘,&X (HTn) X* —+ —Z*XS -

m Global U(1); = Zs
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Mass spectra
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m Rewritten by mass eigenstates
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Neutrino masses
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m Diagonalization: K X ’_i_\ X
Ul'm, U = diag(m,m2,ms3) ; \/," : ‘\\\/ ;
with PMNS matrix U "l y YX \‘77
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m Correlation with DM coupling (assuming diagonal ")
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Dark matter

DM: the lightest fermion ¥ = 1/,
m Semi-annihilation: Y1) — v, (s-wave)

Sy
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Constraints

m Neutrino masses and mixings = m, o y.yry, (mixing)

m Lepton flavor violation ¢, — {3y = Roughly diagonal v,
Br(f %657)

Grem 2

m Electroweak precision test (Ap and Z invisible decay Z — ©*p)
= my, K< Mg~ m, ~ TeV and sina S 039

1072

m Higgs mixing angle sinf: K™ — 7T vw

= 10> <sinf < 107

m BBN: 7, < 1Is = my, = 1 MeV
m Potential stability O B S T S A

107°- KOTO (2020)

sin @
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Relic abundance
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m L4my S mg < 2my, sind = 107
my/my = 1.9, 1.99, 1.999 (close to resonance)

m Yy — @V& > @b@ — V43 (red region)
VY — Yr, K Y — vvs (blue region)
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BDM and v searches from semi-ann. (¢ — ¢v)
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m Scattering with nucleons YN — ¢y N ~—~_»—

m BDM and v can be detected >:<50
simultamenously by DARWIN and UhaM

Hyper-K with O(0.1)% tuning. T
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Summary

Conventional thermal DM scenarios are strongly constrained.

Semi-annihilations accelerate DM coming from Galactic Center, that
can be an exotic DM signal (boosted DM).

A concrete model was built with loop induced neutrino masses.

We found the produced BDM and neutrino can be detected through
DARWIN and HK at the same time, respectively.
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