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Current situation

Excess in Positron and Electron flux :
PAMELA/AMS-02 and Fermi

No excess in gamma-rays : Fermi, HESS, ...
No excess in neutrinos : SK, lceCube
Strong constraint from CMB and BBN
Excess in Anti-Proton ? : AMS-02




Indirect detection of dark matter




Positron/electron Excess
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Positron by AMS-02

AMS-02
= PAMELA

Fermi
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Anti-proton by AMS-02

Secondary production

Kinetic Energy [GeV]




Astrophysics !
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¢ PAMELA 2012
¢ AMS-02 2015

— Fiducial
Uncertainty from: Cross-sections
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. Primary slopes
Solar modulation
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Astrophysics !
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Dark Matter
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® Diffusion Equation

fi(E, Z) : Distribution function of species i

Model | R(kpc) L(kpc) Ko(kpce?/Myr)
MIN 20 1 0.0016
MED 20 4 0.0112
MAX 20 15 0.0765

60  Vi.(km/s)
0.89 13.9
0.70 12
0.46 D




® Diffusion Equation

- sfunction of species i
Diffusion due to

tangled magnetic field Model | R(kpc) L(kpc) Ko(kpc?/Myr)
MIN | 20 1 0.0016
MED | 20 4 0.0112
MAX | 20 15 0.0765

60  Vi.(km/s)
0.89 13.9
0.70 12
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® Diffusion Equation

Diffusion due Energy loss due to
tangled magnetic\ |.C.and synchrotron /7I(kpc) K, (kpc?/Myr)

T 1 0.0016

MED 20 4 0.0112
MAX 20 15 0.0765

60  Vi.(km/s)
0.89 13.9
0.70 12
0.46 D




® Diffusion Equation

Diffusion due Energy loss d Source (Supernova,
tangled magnetic\ I.C.and synchr Dark Matter)

MED T 0.0112
MAX 15 0.0765

60  Vi.(km/s)
0.89 13.9
0.70 12
0.46 D




® Diffusion Equation

Diffusion dug #”  Energy loss d Source (Supernova,
and synchr Dark Matter)

Convective wind MED T 0.0112
MAX 15 0.0765

60  V.(km/s)
0.89 13.5

0.70 12
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® Diffusion Equation
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-y : Collision of nucleus
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® Diffusion Equation
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® Diffusion Equation for Positron

Diffusion dug /" Energy loss ’ Source (Sup &

tangle

/ : Collision of nu Production of i
Convective . : .. :
of i species from collision of j
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® Diffusion Equation
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® Diffusion Equation for Anti-Proton

%fi(E,f) =K(E)Vf;(E, %) + == [bBEWAE, )] + Q:(E, )
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® DM source term

2
(ov) (pDM(m)> for annihilating DM ,

™MpM

TDM MpM

! ,
= —— ('ODM(M)> for decaying DM .

AN(T)
d’l’

: energy spectrum of anti-p from DM decay

(cv) , ™M :DM annihilation cross section, lifetime

pom(|7]) : DM density profile in the Galaxy




® Propagation of charged particle in tangled magnetic field

E 5 0.1
1GeV e

1 d
t 2 L 2
e ) ()

Charged particle escapes from diffusion zone after 10A7~10/8 yr.

. tesc
e Electron/positron loses energy before escape

due to inverse Compton and synchrotron:

EK(E 1 GeV 12
o =[P 151 (L)




® Primary/Secondary ratio

Primary: Produced at Source (Proton, Carbon, ...) Jprim

Secondary: Produced by primary CR-intersteller f
medium interaction (Anti-proton, Boron,...) SeC

fsec tint

Y

fprim tesc

Prim/Sec ratio determines escape time, but
there is a degeneracy on K and L.

Rlkpc] Llkpc]l o0  Kylkpce?/Myr] Kylem?/s| V.]km/s]
MAX | 20.0 15 0.46 0.0765 2.31 x 10% 5
MED | 20.0 4 0.70 0.0112 3.38 x 10*7 12

MIN 20.0 1 0.85 0.0016 4.83 x 10%° 13.5
Donato et al. (2004)

Anti-p of DM origin is Primary, not Secondary, hence
anti-p flux of DM origin significantly depend on L.




* AMS-02
10% of total expected data
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P/P, Background
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® Anti-proton flux from DM : diffusion model dependence
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® Comparison with AMS-02 data
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® Wino Dark Matter

®* Wino : Superpartner
of W boson.

o Lightest SUSY particle
in anomaly-mediation or
pure gravity mediation.

e Most attractive DM

candidate after discovery
of 125GeV Higgs.

It can reproduce
AMS-02 result with
thermal relic DM scenario!!

Ibe,Matsumoto,Shirai, Yanagida, 1504.05554

Hamaguchi, Moroi, KN, 1504.05937
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Wino Dark Matter
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(a) Constraints

Ibe,Matsumoto,Shirai, Yanagida, 1504.05554




® Direct detection of Wino Dark Matter

q

10746 .

X

. -48 l | o
Well above neutrino BG, 10 103

but still challenging. Wino mass [GeV]

~2orders of
magnitude below LUX level. Hisano, Ishiwata, Nagata, 1504.00915
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Positron and Anti-proton excess can be
simultaneously explained by some DM model.
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Gamma-ray sky

Galactic Center:
Pros: Good statistics MW h .
T . . ; MW halo:
Satellites: Cons: confusion, diffuse BG /p. - very good statistics

Pros: Low BG and good source id Cons: diffuse BG
Cons: low statistics _ Ny -

Baltz+08; e

Spectral lines: - PP . alactic:
Pros: no astrophysical uncertainty M B X .r'aga actic: .
(Smoking gun) Pros: very good statistics

Cons: low statistics Clusters: Cons: diffuse BG,

astrophysical uncertainties
Pros: low B6 and good source id Py

Cons: low statistics, astrophysical

T. Mizuno et al. uncertainties 6/17

Slide from Talk by Tsunefumi Mizuno



TABLE I. Properties of Milky Way dSphs.

Name A b® Distance loglo(Jobs)b

Gamma-rays from (deg) (deg) (kpe) (log;o[GeV? em~?)

. Bootes 1 358.1 69.6 66 18.8 + 0.22
dwa’rf SpherOIdals (dSPh) Canes Venatici II 113.6 82.7 160 17.9 4+ 0.25
Carina 260.1 —22.2 105 18.1 £+ 0.23
Coma Berenices 241.9 83.6 44 19.0 £ 0.25
Draco 86.4 34.7 76 18.8 £0.16
1 <Jv> Eax dNW Fornax 237.1 —65.7 18.2 4 0.21
dE,y Hercules 28.7 36.9 18.1 +0.25

2
A7t 2Mpn B dE,y Leo IT 220.2  67.2 17.6 + 0.18
\ - 7 Leo IV 265.4 56.5 17.9 +0.28

particle physics Sculptor 287.5 —83.2 18.6 + 0.18

Segue 1 220.5 50.4 19.5 & 0.29
X / / p2DM (r)dldQ’ _ Sextans 243.5 42.3 18.4 4+ 0.27
AQ Jl.o.s.

¢s(AQ) =

Ursa Major II 152.5 37.4 19.3 £ 0.28
- Ursa Minor 105.0 44.8 18.8 = 0.19
J—factor Willman 1 158.6  56.8 19.1 +0.31
Bootes II © 353.7 68.9 —
Bootes 111 35.4 754 —
Canes Venaticil 74.3 79.8 17.7 & 0.26
Canis Major 240.0 —8.0 —
Leo I 226.0 49.1 17.7 £ 0.18
Leo V 261.9 58.5 —
Pisces 11 79.2 —47.1 —
Sagittarius 5.6 —14.2 26 —
Segue 2 149.4 —38.1 35 —
Ursa Major 1 159.4 54.4 97 18.3 &2 0.24

M.Ackerman et al., 1503.0264 1




® Fermi constraint on DM ann. from dwarf spheroidal galaxies

dSph : DM dominated system,
Small uncertainty from DM density profile

w02 10
DM Mass (GeV/c?)

M.Ackerman et al., 1503.0264 |




For decaying DM, extragalactic gamma-rays
gives severe constraint.
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® Constraint on Wino DM from HESS
gamma-ray line search

— NFW{(No coring)
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Baumgart, Rothstein,Vaidya,1412.8698




Summary

AMS-02 reported excess of Anti-Proton flux
It can be explained astrophysical sources

It can also be explained Dark Matter
annihilation/decay

Wino Dark Matter is a good candidate




® Constraint from Neutrino
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DM->W*W’, Conventinal

Isothermal
NFW
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