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First Part :




Energy content of the Universe after WMAP

74% Dark Energy . What is the dark matter?

Can it be detected?

4% Atoms

® Collider
® Direct detection DM-nucleon Scattering

® Indirect detection DM annihilation
= Cosmic Ray Signals



Detecting dark matter signal
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PAMELA observation
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ATIC/PPB-BETS observations

&
=
o)
O
L
2]
o
)
E
LLI(D
O
P
go)
S
m(D
L

100

-
o

BETS, PPB-BETS
HEAT

AMS

exces
electron+po

J.Chang et al. Nature (2008)



Fermi observation
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HESS observation
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Dark Matter : Decay or Annihilate

B Decaying DM
DM need not be completely stable.
DM lifetime with 7 ~ 10°°sec can explain PAMELA.

nNpM - -
Flux oc ——= ~ 10"%cm3s ™1
T

B Annihilating DM

DM may have weak scale annihilation cross section.

Cross section with (ov) ~ 107°* — 107 *cm?®s™*

can explain PAMELA.

Flux oc ndy{ov) ~ 10”*?cm?s ™
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» It is important to investigate

Relation to other signals

Gamma-rays from Galactic center




DM DM - u*u~, NFW profile DM DM - 17177, NFW profile
Constraints

on DM ann
models.
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What we have done :

® Neutrino-induced muon flux from Galactic
center

® Diffuse extragalactic gamma-rays from dark
matter annihilation

Both give useful constraints on DM models,
rather insensitive to DM halo profile

J.Hisano, M.Kawasaki, K.Kohri and KN, arXiv:0812.0219
M.Kawasaki, K.Kohri and KN, arXiv:0904.3626

J-Hisano, KN, and M.].S.Yang, arXiv:0905.1552



DM DM - u*u~, NFW profile DM DM - 117, NFW profile

I\\\\\\H T T TTT T T T TTTT T T TTTT

»—

<
N
[\S]

ov in cm?/sec
ov in cm?®/sec

103 10*

DM DM - u*u~, isothermal profile

10_20 W\/ T T \S\ TTT | 10_20
| -

ov in cm® /sec
ov in cm® /sec

L L e G.Bertone et al.,
10° 10* 10° 10*

DM mass in GeV DM mass in GeV 08 I I . 3 744




DM DM - u*u~, NFW profile DM DM - 117, NFW profile
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DM DM - u*u~, NFW profile DM DM - 1717, NFW profile

T e diffuse /y

T 1T ¥
|
|
T . \ |

o

TTTT
-

ov in cm?/sec
ov in cm?®/sec

C-radio C-radio

103 10* 103 10%

DM DM — u*u~, isothermal profi DM DM - 7717, isothermal profile

107 , 1 107

ov in cm® /sec
ov in cm® /sec

T L1l e G.Bertone et alo,
103 10* 10° 10*

DM mass in GeV DM mass in GeV 08 I I . 3 744




Second part :

Neutrino Flux




B Neutrino Signal from DM Annihilation

Ritz, Seckel (88),Kamionkowski (90),...
Bertone,Nezri,Orloff,Silk (04),
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SK limit on upward muon flux from GC direction
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Muon flux from DM

N, dEV
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(a) Neutrino flux from DM:

dFV o SK
dEVM detector

(b) Probability of Yn — K :
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(a) Neutrino flux from GC

. dAli ANy
® Neutrino spectra: —p— = dE
% i \ i E,,=FE

Neutrino oscillation

DM halo profile ( )2
AN
- dependent part : 4 / /108 li%o

Typical value 5° 10° 15° 20° 25°

NFW 6.0 10 14 17 20
of JAQ isothermal [1.3 4.3 8.0 11 15




(b) Probability of v/,, — U

. G2.s
® Cross section : ~ —£

Number density of
proton in the rock :

ngOCk) — 1.3N4 cm™°

® Muon range : R(EM)



B Energy loss of muon in matter
Dutta, Reno, Sarcevic, Seckel, Phys.Rev.D63,094020 (2001)

dE,
dX

= —a(b,) — B(EL)E,

lonization loss : a(E,) ~ 2 MeVem?g ™!

Radiative loss : 6(E,) ~ 107° cm®g™"




Muon range in the rock
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Probability of ,, — U

Higher energy neutrinos are
more likely converted into muon




Limits from SK : Annihilation into left-handed leptons
is not favored.

—— Annihilate into left handed leptons (V¥ + lZlE)
—— Annihilate into right handed leptons (l}_zlz_)
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Neutrinio annihilation COntOur’ . Muon ﬂUX
! (107 em™%s™ 1)

Gray : current SK bound
(for 8 = 5°)
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Shower

Neutrino annihilation

\_:
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| esson from neutrino

@ Construct a DM model which fits
PAMELA/Fermi data (either ann or decay)

P Check if your model produce monochromatic
neutrinos with similar rate or not

® If yes, your model may conflict with SK bound
irrespective of DM density profile

== Check carefully the SK bound!



DM DM - 7717, isothermal profile
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DM DM - %77, isothermal profile DM DM - 47, isothermal profile
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DM DM - %77, isothermal profile DM DM - 47, isothermal profile
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Neutrino constraint becomes standard.




DM DM - %77, isothermal profile DM DM - 47, isothermal profile
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Possible improvement at SK

High-energy neutrino-induced muons are detected
through Cherenkov light

Energy of each muon is not measured

However, SK can distinguish muon events
by event shape : shower and non-shower

Higher energy muons more likely
observed as showering muon

DM-originated neutrinos more likely produce
shower events than atmospheric neutrinos



Simulation 3 kind of muon events :

{7\ —  Showering ® Through-going shower mu
' ‘ Non-showering

Through-going

Stopping ‘
nonshower mu

® Stopping mu

Probability for shower
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S.Desai et al.,
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atmos : Honda et al.,2005
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atmos : Honda et al.,2005
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atmos : Honda et al.,2005
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Ratio between Shower muon and Total muon
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Neutrino annihilation

10000

Leptonic annihilation

Contour : Muon flux
(x10™" em™%s™ 1)

Gray : current SK bound
(for 6 = 5°)

A factor improvement
is expected on the
annihilation cross section

May soon reach to
PAMELA/Fermi region?

Hisano, KN, Yang 0905.2075



Neutrino annihilation
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Hisano, KN, Yang 0905.2075



Comments on lceCube

® Huge detector

== High statistics @

® |ocated at South Pole

==pp cannot see Galactic center

through upward muons

® Use downward muons!?

Atmospheric muon BG is (VRW;
1076 larger than DM signal g



A planned extension : DeepCore

® Primary purpose :
better sensitivity
on low-energy neutrino

Inner detector with
denser instrumentation

® Use original detector
as muon veto

; Remove atmospheric
muon BG

il or

Dusl concentr:

o]
(o]
]
<
=
©
=
(o]
Q
(o]
o]
o]
§
(o]
(o]
°
o
e
(o]
(<]
e

000000 Yoo0000000C

0000000000

lceCube

AMANDA
-

DeepCore

0000000
00000000
0000000

OSCORCROROROROSOSOSOSOO-0-0-0f ©

0OQ O
G0 0-0-0-00000000000

dust layer

50 DOM's
7 mspacing

2107-2450

0000000 OOOOO'Q'O‘OOO—O—O—O—O—O-OOOO
0

0000000 0000000000000

OO OO ORS00 0 © -0

S.Seo, Talk at Dark2009



Expected sensitivity of DeepCore (Syr)

2 o Limit

PAMELA
Fermi
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Spolyar, Buckley, Freese, Hooper, Murayama, 0905.4764



Summary

DM interpretation of PAMELA/Fermi
== Confirm/constrain by other signals

® Neutrino-induced muon Flux

Useful constraints on annihilating/decaying DM. .

Shower/non-shower separation may be.--*- e
a useful way to extract DM mformatwcn‘

==l SK Ill, DeepCore, KM3NeT

L d - NeT




Second Part |l :

Diffuse gamma-rays




Gamma-Ray Flux




Gamma-Ray Flux

@® Galactic center




Gamma-Ray Flux

@® Galactic center
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@® Extra Galactic diffuse




Continuum Gamma-Rays from DM ann.

Internal Brem:s.

Final state charged particle
always emit photon.

xx — 1717
xx — 1717

Cascade decay

xx — 777, WTW ™ — hadrons(7#=,@% p, ... )

\_>27



B Extra-Galactic component

Ullio, Bergstrom, Edsjo, Lacey (2002)

Dominant contribution is summation over
the DM ann. in external clustering objects
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8m Mm% H(z) dFE'

A%(2) :

(A%(z) =

Enhancement factor

1 :

homogeneous DM)




Enhancement factor AZ(2)

® Moore
1

Moore

NFW p(r) ~
Burkert T1'5(1 T T1'5)

® NFW

1
TSR

p(r) ~ "

® Burkert

1
14+7)(1+r?)

. p(r) ~ (

About |0A5-1026 enhancement for
DM annihilation rate



Gamma-rays from 10° < [b] < 90°
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Extragalactic component is comparable
to Galactic component
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Constraints on annihilation cross section
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® Cuspy profile : extragalactic is weaker than GC bound
® Cored profile : extragalactic is stronger than GC bound

Fermi will soon make the bound stronger



B Effects of Inverse Compton scattering CMB photon

Profumo, Jeltema,0906.000 |
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Summary
DM interpretation of PAMELA/Fermi

Confirm/constrain by other signals, as

® Neutrino-induced muon Flux
Useful constraints on annihilating/decaying DM.

== SK Ill, DeepCore, KM3NeT

® Gamma-ray Flux

Both Galactic and extra-Galactic gamma-rays
may be significant in DM ann scenario.

== Fermi
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Astrophysical source

. Hooper, Blasi, Serpico, arXiv:0810.1527
® Pulsar (single or sum) ;08124457

® (Gamma-ray burst K.loka, arXiv:0812.485|

Sum of all pulsars Geminga pulsar
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Hooper, Blasi, Serpico, arXiv:0810.1527



DM or Astrophysics! == Anisotropy in CR flux

w

Limin Linax Point source

L ]max — Imin K(E) (1 kpC) ( E )Oﬁ
0= Imax + Imin - Rc horse it 1 GeV




Anisotropy from nearby Pulsar

Hooper, Blasi, Serpico, arXiv:0810.1527



a=2, MED diffusion setup, ST model 7
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Press-Schechter theory

dn 2 PmOc 1  do(M) . 02
E— — — X — .
dM T M o(M)? dM P17,

M : halo mass

fraction of mass in halos heavier than M

o(M) : dispersion of
density field

0. ~ 1.686
critical overdensity

fraction of mass

in each mass interval

o?(M) = 2—;2 | / W2(ky ) P(k)k*dk

=0
— 7
=4

Predict number of collapsed
objects with mass M

Ullio et al. (2002) log ,, M /M )



