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1.1 Early history
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3 Observational evidence
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3.6 Structure formation
3.7 Bullet Cluster
3.8 Type Ia supernova distance measurements
3.9 Sky surveys and baryon acoustic oscillations
3.10 Redshift-space distortions
— 3.11 Lyman-alpha forest
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« RETRINF—NETERETESIEMETS

BT & DEEL [Essig, Mardon, Volansky (2011)]
Breaking of chemical-bond [Essig, Mardon, Slone, Volansky (2016)]

« EETRILF—DXRZTVIEBEMEZEED (v > 300 km/s)

Ebﬁﬁ?@lﬁﬁiﬁ/;@/ﬁdﬁ [Agashe, Cui, Necib, Thaler (2014)]
KEEOANEBTHDHR=ND [An, Pospelov, Pradler, Ritz (2017)]

FHEIREDRELIC KD IR [Cappiello, Ng, Beacom (2018)]

[Bringman, Pospelov (2018)]
[Ema, Sala, Sato (2018)]
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[Ema, Sala, Sato (2018)]

[27/42]



J-factor

« Jfactor in general characterizes astrophysical part:

e.g. Jx I

Jl.o.s

deA,2 for DM annihilation, and J J dLp, for DM decay.

lLos

* In our case, J-tactor is given by

J(I,b) = J dLp, , but the integral is only within the cylinder.
l.o.s

More angular dependence than DM decay.
* In reality, CR profile should also matter.

logro U, b) for (R =10kpc, h=1kpc) legsoJil, b) for DM decay
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1.4
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Normalized by g x 1kpe.
[slide by Y. Ema in GGl workshop 2019]

[28/42]



{R 25 C Drecoil energy

EE T Drecoil energy spectrum

0. =10"30cm?, N.= [dVn,=7.5x103 (i.e. N, at SK)

10101 — Mpn = 0.1 MeV
o e e —— Mpm= 0.1 keV
IL ﬂ—‘-\»'\"-»,
© 108 R
v b 3
< 108 \

N
e

= wng

Z 104t
=
S .

v 102 i
= 2 2 |

10! 102 103 10% 10°
Ke [MeV]
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Earth attenuation
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[Ema, Sala, Sato (2018)]
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Result
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[Ema, Sala, Sato (2018)]
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Result
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[Ema, Sala, Sato (2018)]
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Result SuperK(ZEEH'0(km). MiniBooNE(£0(m)

o, NIKRETETDE. SuperkZIIMMNSIRLTRD,

Inelastic DM
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[Ema, Sala, Sato (2018)]
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Benchmark model

x(3light quark(u, d, s) & coupled B,

E‘b = 9x¢ XX@ i 9qo qqu

DI PR

* Direct detection (scalar(dtree. pseudoscalar(one-loop)

[See, e.g., Abe, Fujiwara, Hisano (2018)]
* LHCOmono-jet search
«  MesonDinvisible decay (pseudoscalar mediatordd+)

* BBN
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[Ema, Sala, Sato (2020)]
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Scalar mediator ¢
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[Ema, Sala, Sato (2020)]

DD = NEWS-G + DarkSide-50 + CDMSlite + CRESST-IIl + XENON1T(S2only & S1+S2)

Monojet : one-jet + MET can be obtained from, e.g, q@ = go (= xx)

BBN bound : m, > 1 — 10 MeV (depending on the detail of DM coupling)
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[Ema, Sala, Sato (2020)]

DD = NEWS-G + DarkSide-50 + CDMSlite + CRESST-IIl + XENON1T(S2only & S1+S2)

Monojet : one-jet + MET can be obtained from, e.g, q@ = go (= xx)
BBN bound : m, > 1 — 10 MeV (depending on the detail of DM coupling)

Mediator can mix with neutral mesons 1 or n’ depending on the choice of agq coupling.
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BBN constraints
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BBN constraints
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Scalar mediator
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Earth attenuation

» Depth of detector: G(m) ~ G(km), the Earth radius: ©(10*km).

noz~1= o~ @(10“26— 10'33cm2),

where z : depth from surface, and n, ~ n, ~ 10%* cm’ : density in the Earth.

* We make three simplifying assumptions:

1. energy loss approximated by averaged one (constraint weaker).
2. deflection ignored (constraint stronger).

3. particle number density in the Earth being constant.

The kinetic energy at depth 7 is described by
dK

do /
X 7)== — A. : Se— 7
()= n,JdKK = (K,@.K).

with K (z = 0) = K,, : kinetic energy at the Earth’s surface.

* (1) tends to win against (2) = conservative bound.  [Emken, kouvaris 1802.04764]

[slide by Y. Ema in GGl workshop 2019]
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Particle ID at Super-K

proton muon
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FIG. 1: Event displays of a Monte-Carlo NC elastic event, with proton momentum of 1490 MeV /c (left), and a Monte-Carlo
300 MeV /c muon. The proton stopped early, causing a thin ring pattern on the wall. The muon ring is thicker than most
proton rings with similar opening angles.

[Super-K, 0901.1645]

electron

Electron : blurred edge
Muon :sharp edge
Proton :sharp edge, thin

[Super-K, hep-ex/0501064] [ 49 ]



Bringmann & Pospelov, 1810.10543
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Cappiello & Beacom, 1906.11283
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Dent et. al., 1907.03782
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Bondarenko et. al., 1909.08632
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Cappiello, Ng, Beacom, 1810.07705
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Earth attenuation
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FIG. 5: The effects of the Earth attenuation on the dark
matter flux for Mpym = 0.1 MeV. The depth z measures the

distance from the Earth’s surface. The other parameters are
taken as 0. = 107°° cm®, R = 10kpc and h = 1kpc.
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DM flux at earth
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Recoil energy w/o earth attenuation

m, = 10 MeV

scalar

pseudoscalar

constant

K, [GeV]

1

my = 1GeV

—6
10 10—]

K, [GeV]

10 1072

scalar
—— pseudoescalar

constant

1 OI.) 1 0 1

[57]

10°



Earth attenuation effect
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