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Dark Matter Search

Indirect Detection
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Direct Detection

Collider Production




Signal Target

Extra
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Isotropic
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Current observational limit
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Dwarf spheroidal galaxies

dSphs:
1. Neighbor galaxies: 10~100kpc

2. Large Mass to Luminosity ratio = DM rich
3. Fewer gas containment

Classical Ultra-faint o Htra-faint
#dSphs 8 >20 . _'
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See,e.g. Wolfet al (2010)
arXiv:0908.2995v6 [astro-ph.CO]
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Current observational limit

Cluster: LAT (2010/2, 1 ws)
Galactic diffuse: LAT (2012/5, 4 yrs) )
Antiproton: Su-Jie Lin et al. (20155, AMS02 data) .-~ A
dSphs Pass 8: Fermi Conference (2014112, 6 yrs)™

Isotropic: LAT (2015/2, 4 yrs) =5
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Current observational limit

Cluster: LAT (2010/2, 1 ws)

Galactic diffuse: LAT (2012/5, 4 yrs) )
Antiproton: Su-Jie Lin et al. (20155, AMS02 data) - - =8
dSphs Pass 8: Fermi Conference (2014112, 6 yrs)™

Isotropic: LAT (2015/2, 4 y1s) _ _--~

500 1000 2000
m, {GeV}




Astrophysmal Factor

DIVI Density profile ps(r/rs)‘1(1+r/rs)‘2 Cusp

p(r) = pe (r/re) T [L4 (r/r)? 10" 1 5 @erir)t@sr/r)?  Cored
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Geringer-Sameth et al., arXiv:1408.0002
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Astrophysmal Factor

DIVI Density profile ps(r/rs)‘1(1+r/rs)‘2 Cusp

p(r) = pe (r/re) T [L4 (r/r)? 10" 1 5 @erir)t@sr/r)?  Cored
\ J

Stellar Density *
Profile: v(r) .
3[ Jeans equation 2 (Theo 2 (0bs
for stars ]_>[Gl.o(£ V) ]“ [Gl.o(.s ) ]

1d, . B3(r)v2 GM ( i
v dr r r?
long. (deg.) lat.(deg.) dist.(kpe) oy (deg.) fflogo[J(0.5°)/(GeVZemsr)]
] Draco 86.4 34.7 76 0.25° 058 18.8 £0.16
Classical: Ursa Min.  105.0 448 76 0.32+0-15 18.8 £ 0.19
Well-determined Sculptor 287.5 -83.2 86 0.25%033 18.6 +0.18
Sextans 243.5 42.3 86 0.134007 18.4+£0.27
i Segue 1 220.5 50.4 23 0.407p-58 19.5 £+ 0.29
Ultra-faint: A - N Ny Y
Ursa Maj. II 152.5 374 32 0.327; 19 19.3 £ 0.28
Not well-determined. Willman 1 158.6 56.8 38 0257031 19.1 + 0.31
Prior dependence Coma B. 241.9 83.6 4 02503 19.0 + 0.25

Large ambiguity? -



Hidden Systematics...

Prior Bias?

Prob. Density

P(0|D)  P(D|0)P(6)

samples

~ H exp
ex: P(vmax)

. (O—gbs (Tz) - Ut2heory (Ti? 0))2
262

—n
X Uy asc@VUmax

5 8
log,o(Mass(300pc) [Mg])

7 8 9

Martinez et al., arXiv: 0902.4715

* Non Spherical? => Hayashi-san’s talk

* Sampling Bias?

Number of models

Hayashi and Chiba., arXiv: 1206.3888

6 [T 1 T T 1 LI LA N L L I

— | Small sample Anisotropy used: ]

- 3 fes=a] T Constant ]

|— —— Baes & Van Hese —

21— i i ]

07515“ ng vl Tl LHMﬂLLl | 1
-1 -0.5 0 0.5 1

Logw(Jmedian/Jlrue)

Bonnivard et al., arXiv: 1407.7822



FoV 1.3 deg (diam)
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Prime Focus Spectroscopy
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Prime Focus Spectroscopy

FoV 1.3 deg (diam) wﬁh 2394 Flber W
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Prime Focus Spectroscopy
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Strategy

1. Mock Observable:

(R, v, Metalicity, Luminosity)

= dSph Stellar + Foreground
dSph Stellar Mock

—=Boltzmann Equation under DM profile

Foreground Mock
—=Besancon Model (Robin+ (2003))

2. Detector Convolution:

—1. fix: dv = 3.0km/s
—2. Luminosity dependence for each stars

3. Fit:

(DM profile, anisotropy, dSph stellar profile,
dSph v, foreground norm + metalicity)

=>Fit to (v, r) probability density.
4. Implication:
) =50 0 50 100 150 200 250 300 350

Fermi 10 yr Exp ¥ Oken/a)
Walker+, AJ 137 (2009)
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St ra_ll Mock Samples

—_— Osipkov & Merrit
1. M pD'V'(r); Vstar(r) => f(r,v) Cuddeford (1991)
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Walker+, AJ 137 (2009)



St rd 3. Fit (MCMC Posterior)

dv = 3km/sec
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3. Fit:
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Walker+, AJ 137 (2009)




Strategy

1. Mock Observable: 0 -y

(R, v, Metalicity, Luminosity) 40 .
g
= dSph Stellar + Foreground 507 canew g
dSph Stellar Mock ® o 9 ¢S
=Boltzmann Equation under DM profile r 8
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—. sancon Model (Robin+ (20053, 0 :
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—2. Luminosity dependence for each stars

3. Fit: } s
(DM profile, anisotropy, dSph stellar profile, 7" "]
dSph v, foreground norm + metalicity) 0.2 |

—Fit to (v, r) probability density. Y
4. Implication: g K v
Ferm| 10 yr E)(p ) -50 0 E)Ovlhi)lf 1?&582)250 300 350

Walker+, AJ 137 (2009)



Summary

Indirect detection is essential for DM search.

Gamma-ray observation of dSph can give
robust constraints on the DM annihilation
cross section.

Investigation of stellar kinematics is important.
PFS will play a crucial role.
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