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1. Introduction



Dark matter (DM)

® Electrically neutral

® Non-baryonic

® Stable or sufficiently long-lived
® Non-relativistic

® (pn ~ 0.26

® 107°! GeV < mgm S Mpr or 107 < mgm /Mo <1071

Y



Approaches from astro-particle physics and cosmology
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Spin-independent cross section @QCD NLO
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2. Cosmic rays (CRs) from decaying heavy DM
3. Primordial curvature perturbations

4. Conclusion



2. CRs from decaying heavy DM
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Let's use all data to constrain DM

Multimessenger astrophysical data
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Heavy DM decay
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Heavy DM decay

QCD/EW cascades
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Heavy DM decay
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Heavy DM decay
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We need to simulate

e Cascades at the prompt decay
e Cascades during the propagation



Outline of the simulation
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Outline of the simulation
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Outline of the simulation

Galaxy

Extragalaxy
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(i). Cascades at prompt decay

Heavy DM decay
Birkel, Sarkar '98

@ Sarkar, Toldra '02
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QCD/EW cascades
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(i). Cascades at prompt decay

In the present work, we focus on bb final state
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(i). Cascades at prompt decay

In the present work, we focus on bb final state
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(i). Cascades at prompt decay

In the present work, we focus on bb final state
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Outline of the simulation
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(if). Propagation of CRs

Propagation of CRs in the Galaxy
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(if). Propagation of CRs

Propagation of CRs in the Galaxy
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(if). Propagation of CRs

Propagation of CRs in the extragalactic region
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(if). Propagation of CRs

Propagation of CRs in the extragalactic region
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Multimessenger astrophysical data
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Multimessenger astrophysical data
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Multimessenger astrophysical data
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Constraints on DM lifetime (extragalactic)
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Constraints on DM lifetime (extragalactic)

Fermi-LAT gives constrains PAO gives comparable bound in
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Constraints on DM lifetime (extragalactic)

lceCube gives a more stringent bound
in 10°GeV < my,, < 101 GeV
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Constraints on DM lifetime (Galactic)
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Constraints on DM lifetime (Galactic)

PAO: 101°GeV < my,,
Fermi-LAT: m, < 10°GeV
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Constraints on DM lifetime (Galactic)

AMS-02 p gives
much weaker
constraints
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Constraints on DM lifetime
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Outline

3. Primordial curvature perturbations

4. Conclusion



Constraints on primordial curvature power spectrum

Byrnes, Cole, Patil '19
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Constraints on primordial curvature power spectrum

Byrnes, Cole, Patil '19
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Evolution of halo/subhalos

Curvature perturbation
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Evolution of halo/subhalos

Curvature perturbation
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Evolution of halo/subhalos

Curvature perturbation
i Subhalos

Host halos and subhalos °
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Evolution of halo/subhalos

Curvature perturbation
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Evolution of halo/subhalos
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Evolution of halo/subhalos

Curvature perturbation

10'2

 A=2503 ]

10'3é' —— A=1.6e-04 3
af —— A=1.0e-05 ]
107 —— A=6.3e-07 ]
10_5;_ — A= 40e08_;
& 6§ —— No bump ;
107°F
1077}

107° ————
107! 0! 10° 10° 107

k [Mpc~1h]




Evolution of halo/subhalos

Curvature perturbation
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Evolution of halo/subhalos

Curvature perturbation
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Host halos and subhalos
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The observable: satellite counts TS
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The observable: satellite counts

10—2,

:  A=2.5e03
Neh(Vimax >4 km/s), 1 1073

10-2 —— A=1.6e-04
F —— A=1.0e-05
. 104 — A=6.3e07
10 . | —— A=14.0e-08
o —— No bump
+ <L 1074 : ;
WORREE S . . =71 é
' S : |
=210 :
8} ;
} < 10 E | . .
bt : 103 10° 107

I—‘
o
4

— = M-distortion eenmnnnnnnnngfen e gag e nnannnnannnnnn :
\
This work: Satellite counts (Vimax > /S) 1 1

-
9
08

-------------------------------------------------

* Vinax - Maximum circular velocity :
: of subhalos

-------------------------------------------------



The observable: satellite counts
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o, 102 mammnialVmax > 4 km/s), model:(a)

0..
L
 J

1073

(S,

|
I

=
CDI

|
w

Amplitude A
|_I
<

N

—-= u-distortion _
This work: Satellite counts (Vyax > 4km/s) 1

‘100 102 10° 10* 10° 106
kp [Mpc~th]

N (Vinax > 4 km/s) = 94

Graus, Bullock, Kelley, Boylan-Kolchin, Garrison-Kimmel, Qi '19 :
Dekker, Ando, Correa, Ng 21 !

Conservative limit



The observable: satellite counts
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The observable: stellar stream
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The observable: stellar stream
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Amplitude

Tidal stripping model
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4. Conclusion



We have discussed indirect searches on heavy DM decay and
primordial curvature perturbation

® Multimessenger astrophysical data, especially y and v
data, is powerful tool to constrain heavy DM decay

® Tracking the evolution of DM substructure is a new
technique to probe the primordial curvature perturbation
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Energy distributions:
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Propagation of CR nuclei

Photo-pion production

Main process of Greisen-Zatsepin-Kuzmin Pair production
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Propagation of CR EM particles
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Absorption in ISRF+CMB

Esmaili, Serpico '15
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t Galactic Interstellar Radiation Field (9= (0.0 kpe  =mmmmmmmmm
10L (r,z) = (8.3,0) kpc
: (r,2) =(8.3,5) kpc  =memememum- -
1t ;
-
| Pl
L f ! o -
0.1 g n “L“\ﬁ/;“ w ,
b W 1V
b
001,
0.001 — . L iH “‘JHH\\'\ . L i . . ‘?.H:‘m . L
0.1 1 10 100 1000 10*

A [pum]

0.1 — 100 PeV y is under the

absorption effect

Esmaili, Serpico '15

1.0
0.8~ 1
T " :
>~ - H /
CF 06 ----- L =4kpe \ 7
A \ !
= I [ J
o 0,4j L = 8.3 kpc (GC) \ ,/ 7
i \ /’
L \ /' ]
02 wmam- - L=20kpc \ 4 ]
L . ,’ ,
[ \‘~-~ —"’
00. ‘ ‘ ‘ ‘ 7
1 10 100 1000 104 10°
E, [TeV]
— 08 \ ]
LT N //
i AN /'
-L 07 \\\ - ]
L .-
5 _
i
06 L =83kpc L =20 kpc ]
__________ (b,1)=1(0,0)
0sf ——— -~ (b, 1) = (2/6,0) ]
L — e b, 1) = (0, 7/2)
04l ]
1 10 100 1000 10%
E, [TeV]



p flux in the Galaxy
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e flux in the Galaxy
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Integrated y

Galactic flux is
dominant in high
energy region for

large m,,,
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Combined results
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Variance

Halo grows to a specific scale at once
Merely grows for while
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Curvature perturbation, variance, and host halo mass
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Subhalo mass function
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Cumulative maximum circular velocity function
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Cumulative humber of subhalos, maximum circular velocity

function, and boost factor
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