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Current observational limit
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Current observational limit
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Current observational limit
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Current observational limit
Null Signal & Constraint
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Current observational limit
Null Signal - Constraint
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Current observational limit
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Current observational limit
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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)
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. (2015/5, AMS02 data) {
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Dwarf spheroidal galaxies

Satellite galaxies around MW
Small Luminosity

No gas

No Star Formation
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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
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Uncertainty ?

How Robust?
How much will it be improved?
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Astrophysmal Factor

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



* Note: Insensitive to the halo shape

(
-_—a a - - ~en . . . . - - -
Name GLON GLAT Distance logo(JNFW)a log o (aNFW) log o (JBurkert)a log o (aBurkert)
(deg) (deg) (kpe) (logm[Ge\"’2 em—5 sr]) (logip[deg]) (logyo] GeVZem—? sr]) (logyg[deg])
Bootes | 358.1 69.6 66 18.8 £0.22 —0.6+0.3 18.6 £0.17 —-1.1+0.2
Bootes 11 353.7 68.9 42 - - -

\ Bootes 111 354 75.4 47 - ~ = -
Canes Venatici 1 74.3 79.8 218 17.7 £0.26 —-1.3+0.2 17.6 £0.17 —-1.6+0.1
Canes Venatici 11 113.6 82.7 160 17.9 £0.25 —-1.1+04 17.8 +£0.19 —-1.6+0.2

Ste canis Major 240.0 8.0 7 - : -

Pr( Carina 260.1 -22.2 105 18.1 £0.23 —1.0+03 18.1 +£0.16 —-15+0.1
Coma Berenices 241.9 83.6 44 19.0 £0.25 —06+0.5 18.94+0.21 —-1.1+03
Draco 86.4 34.7 7 18.8 £0.16 —0.6 £0.2 18.7+0.17 —-1.0+£0.2
Fornax 237.1 -65.7 147 18.2+0.21 —0.84+0.2 18.1 +£0.22 —-1.1+4+0.1
Hercules 28.7 36.9 132 18.1 £0.25 —-1.14+04 17.9+0.19 —-1.6+0.2
Leo I 226.0 49.1 254 17.7 £ 0.18 —-1.1+03 17.6 £ 0.17 —-1.54+0.2
Leo II 220.2 67.2 233 17.6 = 0.18 —-1.14+05 17.5+0.15 —1.94+05
Leo IV 265.4 56.5 154 17.9 +£0.28 —-1.1+04 17.8 +£0.21 —-1.6+0.2
Leo V 261.9 58.5 178
Pisces 11 79.2 -47.1 182 - - -
Sagittarius 5.6 -14.2 26 - — -
Seculptor 287.5 -83.2 36 18.6 £0.18 —0.6+0.3 18.5+0.17 —-1.14+0.2
Segue 1 220.5 50.4 23 19.5 £0.29 —0.44+0.5 19.4 +0.24 —-09+4+0.2
Segue 2 149.4 -38.1 35 - - -
Sextans 243.5 42.3 86 18.4 £0.27 —-09+0.2 18.4 £ 0.16 —-1.24+0.1
Ursa Major 1 159.4 54.4 97 18.3+0.24 —-1.0+03 18.2+0.18 —-1.4+0.2
Ursa Major I1 152.5 374 32 19.3 £0.28 —05+04 19.2+0.21 —0.9+4+0.2
Ursa Minor 105.0 44.8 7 18.8 £0.19 —0.5+0.2 18.7+0.20 —0.9+0.2
Willman 1 158.6 56.8 38 19.1 £0.31 —0.6+0.5 19.0 £ 0.28 —-1.1+0.2

& J-factors are calculated over a solid angle of AQ ~ 2.4
rrv vepenveiiee Coma B. 241.9 83.6 44 0.25777

19.0 £ 0.25

Large ambiguity! =



Uncertainty (prior dependence)
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Effect on sensitivity lines
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Effect on sensitivity lines
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Conservative vs Aggressive
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Question...

* How much can we improve the current
profile uncertainty?
= How many new stellar kinematics will be
measured by a Future Observation?
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Prime Focus Spectroscopy

by SuMIRe Project of Large Field of View:
Subaru Telescope 1.3 deg (diam)
with 2394 Fiber

(First Light: 2017)
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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 (Pass 87?) Voo llm/d)
Walker+, AJ 137 (2009)
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Strategy

1. Mock Observable: 0 -y

(R, v, Metalicity, Luminosity) Z40F
:

= dSph Stellar + Foreground 5500 o %)
dSph Stellar Mock % 20 [0,

=Boltzmann Equation under DM profile r 8
Foreground Mock O goces

— sancon Model (Robin+ (2005,, 0 ;
I Det'ct . o vt u q : M
= “a 7 Jkt s 0 P "
—2. Luminosity dependence for each stars & o

I wp 0.6 —og B =
(DM profile, anisotropy, dSph stellar profile, PR °
dSph v, foreground norm + metalicity) 0.2 |
=>Fit to (v, r) probability density. o} g
4. Implication: g K v

. ) -50 0 50 100 150 200 250 300 350

Fermi 10 yr Exp (Pass 8?) Ve (et

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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Detector

|
1.8*1.8*0.72 (m"3)

Anticoincidence
Detector (background rejection
Ee pocren) 2789 kg

- Conversion Foll
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Calorimeter 96 (8 layer)

Calorimeter
(energy measurement)
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Detector

Tracker

Silicon Strip

Spark Chamber

tirator countey

Calorimeter
Csl (Fermi-LAT)

326 X 26.7 X 19.9 mm lode

12 lodes X 8 layer
([arXive: 1206.1896])




Sensitivity Line (line gamma)
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Observed Events

Signal: G . — tobsX/ dE FO(E, AQ;) A (E)
AFE;

Background: B, = tobe/ dE FBN(E, AQ,) A (E)
AE;

) /
i:.EdnSeprl’g]y Bin [ Energy Bin ] m [ Effective Area ]

Particle Factor
Astrophysical Factor

Signal Flux: F®)

Galactic Diffuse

BG Flux; F(®) Isotropic Diffuse
Point-like Source Detector: Aeff
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1. Galactic Diffuse

CR + ISM, Brems of CRe, IC (CRe + Interstellar radiation field)

— Simulation (eg GALPROP) with ISM, ISRF, Large Scale Structure.
2. Isotropic Diffuse

AGN, Starburst, y-Ray burst, unknown sources

— Evaluated from |b| > 30° sky data
3. Point-like Source

AGN, SNR, Pulsars, Unidentified

—> Mask/Model
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Detector Capabilities ..o
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ROI (degree)

Typical dSphs Size
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10
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j.. Direction Reconstruction
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Sensitivity Line

Profile Likelihood [J—factor error is included ]

/
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Ellov). {22y = [T - E (i g I, 8(1og I )))]

a,i

P(N:A): Poisson
G(x: Y, 0): Log Gaussian
N,;: Observed Events

Test (95% C.L)
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CMB
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1 TeV 1 PeV 1 EeV

10
10 10”10 10" 10 10

Energy [eV]

18 20

F1G. 1.— Pair production mean free path for VHE photons
propagating through the present-day (z = 0) soft photon back-
ground as a function of energy for four different models of the
background. Solid: Soft photon background consisting of only the
CMB. Dotted: Soft photon background consisting of the CMB and
the Gilmore et al. 2009 model of the EBL. Dot-dashed: Soft pho-
ton background consisting of the CMB and the Stecker et al. 2006
model of the EBL. Dashed: For comparison, the soft photon back-
ground consisting of the CMB and the Kneiske 2008 model of the
EBL.

T. Venters, arXiv:1001.1363
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BG photon component

Frequency v [GHz]
10° 10° 10° 108 10° 10
].04 T T T T T T
107 3
% CMB
g 100 960 v
3 ;
107 COB CIB E
23 A 24 5
107
10 10° 10' 10° 10°
Wavelength A [um]

Fig. 14. Schematic Spectral Energy Distributions of the
most important (by intensity) backgrounds in the uni-
=1
ST

10°

verse, and their approximate brightness in nW m=2

written in the boxes. From right to left: the Cosmic
Microwave Background (CMB), the Cosmic Infrared
Background (CIB) and the Cosmic Optical Background
(COB).

H. Dole et al., astro-ph/0603208
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Name GLON GLAT Distance logo(JNFW)a logyp (aNFW) log o (JBurkert)a log, o (aBurkert)

(deg) (deg) (kpe) (logo[ GevZem—5 sr]) (logyp[deg]) (Ioglo[GeV2 em 5 s1]) (logg[deg])
Bootes [ 358.1 69.6 66 18.8 £0.22 —0.6 £0.3 18.6 £0.17 —-11+0.2
Bootes 11 353.7 68.9 42 - - -
Bootes 111 354 75.4 47 - - - -
Canes Venatici 1 74.3 79.8 218 17.7 £ 0.26 —-1.3+0.2 17.6 £0.17 —-1.6+0.1
Canes Venatici 11 113.6 82.7 160 17.9 £ 0.25 —-1.1+04 17.8 +0.19 —-1.6+02
Canis Major 240.0 -8.0 * - - — -
Carina 260.1 -22.2 105 18.1 +£0.23 —1.0+03 18.1 +£0.16 —-1.5+0.1
Coma Berenices 241.9 83.6 44 19.0 £0.25 —06+£0.5 18.94+0.21 —-1.1+03
Draco 836.4 34.7 76 18.8 £0.16 —0.6+02 18.7+0.17 —-1.0+£0.2
Fornax 237.1 -65.7 147 18.2+0.21 —0.8+0.2 18.1 +£0.22 -1.14+0.1
Hercules 28.7 36.9 132 18.1 £0.25 —-1.1+04 17.94+0.19 —-1.6+0.2
Leo I 226.0 49.1 254 17.7+0.18 —-1.1+03 17.6 £ 0.17 —-15+02
Leo I1 220.2 67.2 233 17.6 £ 0.18 —-1.1+05 17.5+0.15 —-19+05
Leo IV 265.4 56.5 154 17.9 +£0.28 —-1.1+04 17.8 £0.21 —-1.6+02
Leo V 261.9 58.5 178 — - -
Pisces 11 79.2 -47.1 182 - - -
Sagittarius 5.6 -14.2 26 =~ = =
Seulptor 287.5 -83.2 86 18.6 £ 0.18 —0.6+0.3 185+ 0.17 —-1.1+£0.2
Segue 1 220.5 50.4 23 19.5+0.29 —04+05 194 +0.24 —-094+0.2
Segue 2 149.4 -38.1 35 - - - -
Sextans 243.5 42.3 86 18.4 £0.27 —-09+02 18.4+0.16 —-1.2+0.1
Ursa Major 1 159.4 54.4 97 18.3+0.24 —-1.0+03 18.2+0.18 —1.44+£0.2
Ursa Major I1 152.5 37.4 32 19.3 £ 0.28 —05+04 19.240.21 —0.9+0.2
Ursa Minor 105.0 44.8 7 18.8 +£0.19 —0.5+0.2 18.7 +0.20 —0.94+0.2
Willman 1 158.6 56.8 38 19.1 +£0.31 —0.6+0.5 19.0 £ 0.28 —-1.1+0.2
2 J-factors are calculated over a solid angle of AQ ~ 2.4 x 10~ *sr.
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TABLE |

PROPERTIES OF MILKY WAY SATELLITES™ AND STELLAR-KINEMATIC SAMPLES

object RA (J2000) Dec. (J2000) Distance My Riae Nz F'max
[hh:mm:ss]  [dd:mm:ss] [kpc] [mag] [pc] Is;)ncﬁ [pc]
Carina 06:41:36.7  -50:57:58  105+6 -9.1+£0.5 250+39 714 22247885
Draco 17:20:124  +57:54:55  76+6 —-8.8+03 221+19 292 18661113
Fornax 02:39:59.3  -34:26:57 147+12 -134+£03 710+77 2483 627248k
Leol 10:08:28.1  +12:18:23 254+15 -120+03 25127 267 1948772
Leo II 11:13:28.8  +22:09:06 233+14 -9.8+03 17642 126 82448
Sculptor 01:00:09.4  -33:42:33  86+6 —11.1:£0.5 283+45 1365 26737199
Sextans 10:13:03.0  —01:36:53  86+4 —93+05 695+44 441 25447119
Ursa Minor 15:09:08.5  +67:13:21  76+3 -88+0.5 181+27 313 1580742
Bootes 14:00:06.0  +14:30:00 66+2 —-63+02 242421 37 5447332
Canes Venatici | 13:28:03.5 +33:33:21 218+10 -8.6+0.2 564436 214 2030753
Canes Venatici II ~ 12:57:10.0 +34:19:15 160+4 —-494+05 74+14 25 353410
Coma Berenices 12:26:59.0 +23:54:15 4+4 -41£05 7710 59 238:%?3
Hercules 16:31:02.0 +12:47:30 132+12 -6.6+04 33073 30 638439
Leo IV 11:32:57.0 —00:32:00 154+6 -58+04 206+37 18 44317
Leo V 11:31:09.6  +02:13:12 178+10 -52+04 135+32 5 201*%
LeoT 09:34:53.4  +17:03:05 417+19 -80+05 120+9 19 534418
Segue 1 10:07:04.0  +16:04:55  23+2 -1.5+08 2978 70 139738
Segue 2 02:19:16.0  +20:10:31  35+2 -25+03 3543 25 119483
Ursa Major I 10:34:52.8  +51:55:12 97+4 55403 319+50 39, 73288
Ursa Major 11 08:51:30.0  +63:07:48  32+4 —42+06 149+21 20 2944

Geringer-Sameth et al., arXiv:1408.0002
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Fragmentation

DM DM — W* W™ at Mpy = 1 TeV

Simulation Code: Pythia, HERWIG...

Tuned by Collider Exp at High Energy Region

1077 1078 1073 107 103 1072 107! 1

=k Cirelli et al., PPPC4

1 0
q Pythia 8 ’
Hervig + = pymg-s .......
102 Pythia 6.4 s---s-- H.emg F—
Herwig +4 ¥ w=e @ Pythia 6.4 t---e--
Herwig +4 # v=e
10}
x
ke
= o
> 10
k)
x
10®
»
¥
10710 =
i
10—12 A A i A A i 'y 10.5 A 2 2 " "
1e-12 1e-10 1e-08 16-06 0.0001 0.01 1 0 02 04 08 1 45
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int-like Source

Origin
AGN -1000 (Blazar: 800)
Unknown -600
SN -60
Pulsar -100

Table 6. LAT 2FGL Source Classes

Description Identified Associated
Designator Number Designator Number

Pulsar, identified by pulsations PSR 83 cen -
Pulsar, no pulsations seen in LAT yet aes psr 25
Pulsar wind nebula PWN 3 pwn 0
Supernova remnant SNR 6 snr 4
Supernova remnant / Pulsar wind nebula sl L i 58
Globular cluster GLC 0 gle 11
High-mass binary HMB 4 hmb 0
Nova NOV 1 nov 0
BL Lac type of blazar BZB 7 bzb 429
FSRQ type of blazar BZQ 17 bzq 353
Non-blazar active galaxy AGN 1 agn 10
Radio galaxy RDG 2 rdg 10
Seyfert galaxy SEY 1 sey 5
Active galaxy of uncertain type AGU 1] agu 257
Normal galaxy (or part) GAL 2 gal 4
Starburst galaxy SBG 0 sbg 4
Class uncertain aes PN e 1
Unassociated s A S 575
Total oe 127 ses 1746

Note. — The designation ‘1’ indicates potential association with SNR or PWN (see
Table [[). Designations shown in capital letters are firm identifications; lower case letters = 2 T =
indica‘l:eubassocialions. In the case of AGN, many of the associations have high confidence e NO association 9 POSS|bIe aSSOCIatlon WIth SNR or PWN

; ). Among the pulsars, those with names beginning with LAT were X AGN % Pulsar Globular Cluster
discovered with the LAT. In the FITS version of the 2FGL catalog, the { designator is " .
re T Ath s e Apoandi L. + Starburst Gal ® PWN HMB
+ Galaxy o SNR # Nova 46

LAT 2FGL (2011)



Galactic Diffuse

Origin
Decay of m° (CR + ISM)
Bremsstrahlung (CRe + ISM)
Inverse Compton scattering in Interstellar radiation field (ISRF)
(Large Scale Structure (Loop |, Fermi Bubbles))

Model: GALPROP + Input

Interstellar gas distribution (mainly HI, HIl at high latitude)
ISRF model

Large Scale Structure Templates

Parameters of diffusion equation

Example template fitting in one energy bin (6.4 - 9.1 GeV)

Inverse Compton 1 and brems

(GALPROP) (GALPR)

T R— — v _MW w?‘w ‘-'j

: 47
Fermi-LAT, “Two Methods to Study the Fermi Bubbles”



A. Sellerholm, “Cosmological Dark Matter and the Isotropic
Gamma-Ray Background”

Interstellar gas maps

N

 use gas maps as in the GALPROP code (http://galprop.stanford.edu/webrun.php)

' ' 0.6 . . ; ;
1 z=0kpc
] 05}
- H2 HI ] o
‘= 0.1 He ] B
2 E 7N -~/ A N é g
2 Y/ I ] 5 U7
5 i % ] § 02
= 001t HII 2 4 =k
- i 3 01l
= | o b
10_3> o , ] 1 = 4 :
0 s 10 s 20 00 02 04 06 08 10
z [kpc]

r [kpc]

[Gordon & Burton, ApJ 208 (1976); Dickey & Lockman, Ann. Rev. Astron. Astrophys. 28 (1990); Cox+, A&A, 155
(1986); Bronfman+, Astrophys. J. 324 (1988); Wouterloot+, A&A 230 (1990); Gaensler+, Publ. Astron. Soc. of
Australia 25 (2008)]

M. Cirelli et al., JCAP 1311 (2013) 035 [arXiv: 1307:7152]

Figure 4.2: Spatial distribution of the differental energy spectrum of gamma-rays.
at 1.2 GeV, originating from the HI (top), Hz (middle) and HII (bottom), through
bremsstrahlung and x%-decay. The maps are in galactic co-ordinates and the colour
scale is logarithmic. They were generated using GALPROP and the differential energy
spectra can be seen in figure 4.5.
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Isotropic Diffuse

Origin:
Unsolved Extragalactic source
AGN, Starburst galaxies, y-ray burst...

Model:
(Obs) — (Galactic Diffuse) — (Point Sources)

=~
oI
N

galactic diffuse

[ extragalactic diffuse

¥ & E—1 CR background

= °<.>¢¢‘ XY sources
~

7 —<}¢- —6&— data
%
4

E = === power law fit

Uncertainty:
* GD model (Gas, ISRF, diffusion params
* Unknown Source
-> Less than 10-20 %
* Miss identified CR (>10 GeV) -
-> Event Selection Dependence =

10—5 1 1 : X B 1 ;| 1 + (O L
10° 10* 10°

LAT (2010) e

— — model

E2 dN/dE [cm™s'sr™MeV]
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Direct Detection for Wino
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Astrophysical Factor
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Geringer-Sameth et al., arXiv:1410.2242



Astrophysical Factor

I I

i+ Ultra-faint

1 2 3 4 5
log|rs/pc]

Geringer-Sameth et al., arXiv:1408.0002 .



Astrophysical Factor
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Astrophysical Factor

Mock Data => J-factor: Sample dependence

8., F_ 10000 [a, =0,
L = 1000
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= HI

o — munl

-1 05 0 05 1 15 2 25

Bonnivard et al., arXiv:1407.7822 Logm
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LAM -

LABORATOIRE D'ASTROPHYSIQUE :
e Spectrograph

Module 2

Spectrograph

Spectrograph
Module 1 p grap

Module 3

Camera Unit
5m (CU) - Red —
0.63-0.97 pm

Spectrograph
Module 4

Camera Unit
(CU) - NIR
0.94-1.26 pm

L. Tresse (Slide)

Camera Unit
(CU) - Blue
0.38-0.65 pm

Entrance
Unit
(ENU)
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Draco x B[]
Ursa Minor  x [3][4]
Sextans
Fornax
Sculptor
Carina
Leol [0]
Leoll x [3]

Coma Berenices
Canes Venatici [
Canes Venatici 11
Leo IV, Leo T
Ursa Major I
Ursa Major II
Hercules

Bootes [

Leo V

Segue 1

X X X X X X

BEEgEEEEH

Segue 2
Sagittarius
Willman 1

Walker
Walker

Mateo

EEE

et al. (2009b) Charbonnier et al. (2011)
et al. (2009b) Charbonnier et al. (2011)
Walker, Mateo & Olszewski (2009
Walker,
Walker,
Walker,

Mateo & Olszewski
Mateo & Olszewski
Mateo & Olszewski
et al. (2008)

M Walker et al. (2009b) Charbonnier et al. (2011)

Simon & Geha
Simon & Geha
Simon & Geha
Simon & Geha
Simon & Geha
Simon & Geha (20
Aden et al. (2009b)

Koposov et al. (2011)
Walker et al. (2009a)
Simon et al. (2011)

Kirby et al. (2013)

[I3][14] Not used
[3][14] Not used

(
(
(

Magellan /MMFS.
Magellan/MMFS.

) Magellan /MMFS.
2009) Magellan/MMFS.
2009) Magellan/MMFS.
2009) Magellan /MMFS.

MMT /Hectochelle.
Magellan /MMFS.

Keck/DEIMOS.
Keck/DEIMOS.
Keck/DEIMOS.
Keck/DEIMOS.
Keck/DEIMOS.
Keck/DEIMOS.

VLT /FLAMES+GIRAFFE.
VLT /FLAMES+GIRAFFE.
MMT /Hectochelle.
Keck/DEIMOS.
Keck/DEIMOS.

tidal disruption and/or non-equilibrium

tidal disruption and/or non-equilibrium



FLAMES

Spectrograph MMFS Hectochelle DEIMOS L GIRAFFE PFS
Telescope Magellan /Caly MMT Keck VLT Subaru
Caliber [m] 6.5 6.5 10 8.2 8.2
FoV (diam)
larcmin] 20 60 5 % 16.6 25 78
[deg] 0.33 1.0 (rectangle) 0.42 1.3
Resolution
Blue: 25000 - : - V(L
R Red: 20000 25000 6000 6500 2500-5000
Blue: 3200-5000 , =) ()C 027 ?
Range [A] Red: 4900.10000 3800 - 9000 | 6500-9000 8180-9375 3800-12600
20 Blue: 128 : :
Fibler Red: 198 224 Slits 130 2394
dSphs 7 Classicals LeoI, V 8 UF's Hercules, Bootes I -
Refs URLI] [URL2] |[[URLI,[URL2]| [URLI] 8 [ URLI1]
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FHRAA(T(FIE: REIZF):
DENFE (LT AU MER)
GTC 10.4m (IAC: ORM, A1)
Keck 10m x 2 (WMKO: Mauna Kea, &% E)
HET 9.5m (MacDonald Obs.: Mt. Fowlkes, &% E)
AZRNREE
Subaru 8.3m (B XX A Mauna Kea, &% [EH)
VLT 8.2m x 4 (ESO: Cerro Paranal, 9’-'))
Gemini 8.2m x 2 (Gemini Obs.: Mauna Kea, &% E
Cerro Pachon, F!))
IN=HLEE
LBT 8.4m + 8.4m (7')JF+K7GE :Mt.Graham, &R E)
MMT 6.5m (Steward Obs.: Mt.Hopkins, &% E)
Magellan 6.5m x 2 (OCIW: Cerro Manqui, F'J)
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tNASA— IRTF

<F

http: //www skymerica. com/BlglsIand/subaru/

62



Fiber cable
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Arm Coverage[nm] Resolution[A/d1]

Blue 380 -650 2500
Red 630 - 970 3200 (Medium resolution mode 710-885nm; R=5000)
NIR  940-1260 4500
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DES
HSC

SDSS/BOSS

WFIRST?




Models of dSph galaxy from Walker et al.

1. systemic v; velocity (km/s)

2. (Mg); = (Mg), (Angstroms; difference in mean Mg index between inner (subscript 1) and outer
(subseript 2) components)

3. Nsample . number of stars in sample

4. Nyenbers / Neampie : stars that are not members are drawn from foreground model

5. fraction of members that belong to member component 1 (as many as two member components
are considered)

6. 11y (mas/century); systemic proper motion in RA direction

7. s (mas/century); systemic proper motion in Dec direction

8. v,, component 1 E-E /T':.V‘I__,_'? }g 6]\ E

9. 3,. component 1
10. r,, component 1 (pc)

11. rg/r«, component 1 (assumes Osipkov-Merritt anisotropy profile; note that isotropic models ‘%FE JF% 7'3— Il‘i
have a large value of 10%) priyn=4 S

12. +,, component 2

13. 3., component 2

14. r,, component 2 (pc)

15. r,/r.. component 2 (assumes Osipkov-Merritt anisotropy profile, note that isotropic models
have a large value of 10%)

16-7DM
17. Bom

18. rpy (pe) N—7IH—

lg.ﬂDM

20. py (M /pe?)

21. distance to center of galaxy (pe)

22. not applicable

23. not applicable

24. {Mg)1 (Angstroms)

25. binary fraction—i.e., fraction of member stars for which z veloeity received contribution from
binarv motions.



Mock data for individual stars

. X position (pc)

. V position (pc)

. Z position (pc)

. v; velocity (km/s; includes observational error)

. vy velocity (km/s; includes observational error)

. v; velocity (km/s; includes observational error, perspective effect due to systemic proper motion
and los-component of binary-orbital motion)

7. 8(v,) (km/s; observational error for x velocity in column 4)

8. d(vy) (km/s; observational error for y velocity in column 5)

9. §(v,) (km/s; observational error for z velocity in column 6)

10. v, velocity as drawn directly from DF (i.e., before including observational errors and perspec-
tive effect; km/s)

11. vy velocity as drawn directly from DF (i.e.. before including observational errors and perspec-
tive effect; km/s)

12. v, velocity as drawn directly from DF (i.e., before including observational errors, perspective
effect and/or binary motions; km/s)

13. vy (km/s; LOS velocity due to binary orbital motion; this is already included in the v, velocity
given in column 6)

14. Mg index (Angstroms)

15. 0(Mg) (Angstroms, observational error for Mg index in column 15)

16. Right Ascension (radians)

17. Declination (radians)

18. Right Ascension of center of galaxy (radians; will be either Fornax’s or Sculptor’s)

19. Declination of center of galaxy (radians; will be either Fornax’s or Sculptor’s)

20. probability of membership (evaluated using EM algorithm of Walker et al. (2009)

21. Which component is star drawn from (l1=member component 1, 2=member component 2,
3=foreground)?

[ R
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° ’ Uncertainty from: s
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Cross-sections
Propagation
Primary slopes
Solar modulation

1 5 10

50 100

Kinetic energy T [GeV]

Astrophysical uncertainties on the constraints
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Subhalo distribution

Aquarius Via Lactea Il
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Figure 4. Anisotropy in the gamma-ray annihilation signal from the subhalo distribution
found in Aquarius [40] (left) and Via Lactea II [39] (right) simulations, with the former
following the prescription in ref. [63]. The plots show the intensities of the substructures
relative to their average intensity in the |b| > 20° region.



Isotropic Variance of DM density

de®™ ¢ (ov)(Qpmpe)’ / ! e T o) (1+:)m1.\*
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Sefusatti et al., MNRAS 441, 1861-1878 (2014)




Mmin Dependence
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- @1 AMS day p/p
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Jin+, arXiv: 1504.07230
10-6 L1 11 || 1 1 1 11 11 II 1 1 1 [ 5 ]| I 1 1 1 ] [ [ I |
10° i3 102 103
Ex(GeV)
Model Propagation parameters Description
DR Dy, 6, va, 2 Diffusion + reacceleration, n =1, Ry =4 GV
DR-2 Dy, 4, va, zn Diffusion + reacceleration, n = —0.4, Rg =4 GV

DC Dy, 6, dV,./dz, Ry, z;,  Diffusion + convection, n =1, 6 =0 for R < Ry
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taken to be the radius within which the average density
equals Ap., where p. is the critical density of the uni-
verse, and A is a number typically between 100 — 500.
The quantity rs is the scale radius of the NFW profile
(Navarro et al. 1997), but it is replaced by r_s, the ra-
dius where the logarithmic density slope equals -2, for
more general profiles (Navarro et al. 2004; Graham et al.
2006). The virial mass (M) is the mass enclosed within

A
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Detector

Anticoincidence
Detector (background rejection)

- Conversion Foll

"~ Particle Tracking
Detectors

Calorimeter
(energy measurement)
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Calorimeter
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Milky Way

* The nearest DM signal source
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Mil ky-Way Galaxy

DIVI Proflle?

Background?

‘ '.Diffiusé'y =

Propagation?

Milky Way

P rOfi I e Angle from the GC [degrees]

10” 30”1’ 5010% 3071229

5°10%20°45°

10 %\ Moore
5 \
10° & NFW

5 102f Einasto™X

> i e

(5] b=

S 10

2 1

% Fp Burkert
101E °
10-2;...1..

Ll Ll 1 Ll
03 10 2 107!

Buch+, arXiv: 1505 01049
Fqu(Antlproton)

1072

) PAMELA 2012
¢ AMS-02 2015

Uncertainty from: |

10~¢

— Fiducial
I Cross-sections

B Primary slopes

Propagation

Solar modulation

1 5 10

50 100

Kinetic energy T [GeV]

Gaelle+, arXiv: 1504.04276



Milky Way

Gamma (Continuum)

10‘8

= Cored Einasto

—— = Cored NFW

—— Cusped Einasto
Cusped NFW
Sculptor Dwarf
Thermal Relic <o v>

_.
2
‘rmrrr[“ljmnmrwmu[

10%

95% CL Upper Limit on <o v> (cm®/s)

Mil ky-Way Galaxy

T T

-
S
]

10

Dark Matter Particle Mass (TeV)
g b - H.E.S.S, arXiv: 1502.03244
DIVI Proflle? i o Antiproton
. RN 8 5 kp C A el Astrophysical uncertainties on the constraints
— {522
Background? | g
: "’g
olar Sﬁ@m g
g
‘ lefuse v 3 10-26 -
% /! XX - bb
P . ? : 5 o F B ?alllrayslg)gﬁ]o)proﬁles
7 - arymg propagauon parameters
ropagatlon : ' R 1000 10000

DM mass mpy [GeV]
Gaelle+, arXiv: 1504.04276



Extra Galaxy / Cluster

Extra G a'lé-x'_'y/ ‘

Cluster =




s

i -

Extra Galaxy / Cluster

Substructure?

cluster,

solafSyerem

Substructure

20

1()-'5111|11I T T T T T 7T
: ——  Fornax
L [ == £=10%,M_=10"M
-”l s cut P sun
107 F|-=- £=20%M,=10"M,,
| =—— Coma
[ |- = £=20%,M_=10°M
cut sun
— 122 £=10%, M_=10"M
E— 10 cut sun
'n
=
O 23
%
24
V1o L
——————————
25
10
10'2(’ R O 1 |

100 1000
WIMP Mass [GeV]

LAT, arXiv: 1002.2239 -



Extra Galaxy / Cluster
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Current observational limit
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Current observational limit
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Astrophysical Factor

- - - — e _ ~e 1

v , a

Name GLON GLAT Distance logo(JNFW)a log o (aNFW) log o (JBurkert)a log o (aBurkert)
(deg) (deg) (kpe) (lc'gm[Ge\/’2 em—5 sr]) (logip[deg]) (logyo] GeVZem—? sr]) (logyg[deg])
Bootes [ 358.1 69.6 66 18.8 £0.22 —0.6+0.3 18.6 £0.17 —1.140.2
Bootes 11 353.7 68.9 42 - - -
\ Bootes 111 35.4 75.4 a7 2 = = -
Canes Venatici 1 74.3 79.8 218 17.7 £ 0.26 ~1.34+02 17.6 £0.17 ~1.6+0.1
Canes Venatici 11 113.6 82.7 160 17.9 £ 0.25 —1.1+04 17.8 +£0.19 ~1.6+0.2

Ste canis Major 240.0 8.0 7 s . : .

Pr¢ Cerina 260.1 -22.2 105 18.1£0.23 ~1.04+03 18.1+£0.16 —1.540.1
Coma Berenices 241.9 83.6 44 19.0 £0.25 —0.6405 18.9 4 0.21 ~1.1+03
Draco 86.4 34.7 7 18.8 £0.16 —0.6+0.2 18.7£0.17 ~1.040.2
Fornax 237.1 -65.7 147 18.2+0.21 —0.8+0.2 18.1 4+ 0.22 —1.140.1
Hercules 28.7 36.9 132 18.1+0.25 ~1.1404 17.94+0.19 —1.6+0.2
Leo I 226.0 49.1 254 17.7 +0.18 -1.14+03 17.6 £0.17 —1.54+0.2
Leo 11 220.2 67.2 233 17.6 £0.18 -1.14+05 17.5+0.15 ~1.94+05
Leo IV 265.4 56.5 154 17.9 £ 0.28 —1.1+04 17.8 £ 0.21 ~1.6+0.2
Leo V 261.9 58.5 178
Pisces 11 79.2 -47.1 182 - -

) )
Sagittarius 5.6 -14.2 H = ' J!
@:ln tive
Segue 1 220.5 50.4 4 _L p&'{ 0.5 —0.&0.2‘!
Segue 2 149.4 -38.1 35 - - -
Sextans 243.5 42.3 86 18.4 +£0.27 —0.94+0.2 18.4 +0.16 ~1.24+0.1
Ursa Major 1 159.4 54.4 97 18.3+£0.24 ~1.04+03 18.2+£0.18 -1.440.2
Ursa Major II 152.5 374 32 19.3 +0.28 —0.5+04 19.2 4 0.21 —0.9+0.2 -
Ursa Minor 105.0 44.8 7 18.8 £0.19 —0.54+02 18.7 £ 0.20 —0.94+0.2 -
Willman 1 158.6 56.8 38 19.1 £0.31 —0.64+0.5 19.0 +0.28 —1.14+0.2

& J-factors are calculated over a solid angle of AQ ~ 2.

r11UI Ucpciiuciive Coma B. 241.9 836 44 0253‘1’; 19.0 £ 0.25

Large ambiguity! -~



Observed Events

Signal: G . — tobsX/ dE FO(E, AQ;) A (E)
AFE;

Background: B, = tobe/ dE FBN(E, AQ,) A (E)
AE;

) /
i:.EdnSeprl’g]y Bin [ Energy Bin ] m [ Effective Area ]

Particle Factor

i . F(S)
Signal Flux: F Astrophysical Factor

Galactic Diffuse

BG Flux; F(®) Isotropic Diffuse
Point-like Source Detector: Aeff

93




E2 dN/AE [cm™ 5! st MeV]

Background Flux

_.
C
W

—
=
IS

1. Galactic Diffuse
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AGN, Starburst, y-Ray burst, unknown sources

— Evaluated from |b| > 30° sky data
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Detector Capabilities ..o
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Sensitivity Line

Profile Likelihood [J—factor error is included ]
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Ellov). {22y = [T - E (i g I, 8(1og I )))]

a,i

P(N:A): Poisson
G(x: Y, 0): Log Gaussian
N,;: Observed Events
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Current Limit
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