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Current observational limit 
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Current observational limit 



Dwarf spheroidal galaxies 

Satellite galaxies around MW  
Small Luminosity 
No gas 
No Star Formation 



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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Classical 
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SDSS-II 

arXiv:0908.2995v6 [astro-ph.CO] 
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Uncertainty ? 
How Robust? 

How much will it be improved? 



Particle Physics Factor Astrophysics Factor 
(J-factor)  ZZZWWf ,,,

Hryczuk and Iengo (2012) 

arXiv:1111.2916v4 [hep-ph] 
Cirelli et al. (2012) 
arXiv:1012.4515 [hep-ph] 

Signal Flux 

Error: 1-10 % level 

Large uncertainty: 
Next Slide 
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Geringer-Sameth et al., arXiv:1408.0002 
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Martinez et al., arXiv: 0902.4715 21 

Draco Segue1 

Uncertainty (prior dependence) 

#Obs Stellar  70 #Obs Stellar  300 

ex: 



Effect on sensitivity lines 

B. Bhattacherjee, M Ibe, KI, S Matsumoto, K Nishiyama, arXiv:1405.4914 
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Conservative vs Aggressive 



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

Question… 



Prime Focus Spectroscopy 
Large Field of View:  

1.3 deg (diam) 
with 2394 Fiber  
 

by SuMIRe Project of  
Subaru Telescope 

First Light: 2017  
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Classical (Ursa Minor) Ultra-faint (Segue 1) 

? 

Possibility to  
suppress the prior 
dependence 

More accurate DM profile 
estimation 
↓ 
More Robust constraints 
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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:  
Fermi 10 yr Exp (Pass 8?) 

Walker+, AJ 137 (2009) 
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• 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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Summary 



Thank You ! 
감사합니다

Koji Ichikawa, 
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1.8 * 1.8 * 0.72  (m^3) 
2789 kg 
 
 
16 Tower:  
37cm * 37cm * 66cm  
 
Calorimeter 96 (8 layer) 
 

Detector 
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Tracker 

Calorimeter 
CsI (Fermi-LAT) 

326  26.7  19.9 mm lode 
12 lodes  8 layer  
([arXive: 1206.1896]) 
 

Silicon Strip 

Spark Chamber 

Detector 
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Sensitivity Line (line gamma) 



Energy Bin 

Signal Flux: F(S) 

BG Flux: F(B) 

Observed Events 

Particle Factor 
Astrophysical Factor 

Galactic Diffuse 
Isotropic Diffuse 
Point-like Source 

a: dSph 
i: Energy Bin 

Signal: 

Background: 

ROI Effective Area 

dSph “a” 

ΔΩ 

Detector: Aeff 

Signal γ 
BG γ 
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Background Flux 
1. Galactic Diffuse 

 CR + ISM, Brems of CRe, IC (CRe + Interstellar radiation field)  
 → Simulation (e.g. GALPROP) with ISM, ISRF, Large Scale Structure. 

2. Isotropic Diffuse 
 AGN, Starburst, γ-Ray burst, unknown sources 
 → Evaluated from |b| > 30⁰ sky data 

3. Point-like Source 
 AGN, SNR, Pulsars, Unidentified 
 → Mask/Model 
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Detector Capabilities 

Aeff 

PSF 

ROI 

ROI: 

Typical dSphs Size PSF (68 % containment angle) Signal Flux 

Background Flux 

PSF effect -> efficiency ε 

Large ΔΩ -> Large Background 

Satellite- type Obs 

Efficiency: ε 

Direction Reconstruction 



Sensitivity Line 
Profile Likelihood J-factor error is included 

Test (95% C.L)  

2000 Pseudo Experiments for Nai ({N
(1)

ai,  N
(2)

ai,N
(3)

ai…}) 
(Poisson  with the mean of Bai) 
 

Each N(i)
ai → σv (i) 

 

Right Figure:  
Mean and 68 (95) % band  
for the set { σv (1) , σv (2), σv (3),… } 
 
 
 

P(N:λ): Poisson 
G(x: μ, σ): Log Gaussian 
Nai: Observed Events 
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S. Galli, Ferrara, 1 Dec 2014  

CMB 
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T. Venters, arXiv:1001.1363  

Mean Free Path of gamma-ray 
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H. Dole et al., astro-ph/0603208 

BG photon component 



43 Fermi-LAT arXiv:1310.0828v1 [astro-ph.HE] 
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Geringer-Sameth et al., arXiv:1408.0002 



Fragmentation 

Simulation Code: Pythia, HERWIG… 
 
Tuned by Collider Exp at High Energy Region 
 

100 GeV DM anni  -> WW-> γ (Cembranos et al., 2013) 

Cirelli et al., PPPC4 

Photons 

Anti-P 

e+,e- 
ν 
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Point-like Source 

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

LAT 2FGL (2011) 
46 



Galactic Diffuse 
Origin 
 Decay of π⁰ (CR + ISM) 
 Bremsstrahlung (CRe + ISM) 
 Inverse Compton scattering in Interstellar radiation field (ISRF) 
 (Large Scale Structure (Loop I, Fermi Bubbles)) 
 

Model: GALPROP  + Input 
 Interstellar gas distribution  (mainly HI, HII at high latitude) 
 ISRF model 
 Large Scale Structure Templates   
 Parameters of diffusion equation 

Fermi-LAT, “Two Methods to Study the Fermi Bubbles” 
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A. Sellerholm, “Cosmological Dark Matter and the Isotropic 
Gamma-Ray Background” 

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

HI 

H2 

HII 
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IC 

π⁰ 

Iso 

Brems 

Total GD 

Sources 

LAT 2012 
ApJ. 750 

Diffuse components 
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Isotropic Diffuse 
Origin: 
 Unsolved Extragalactic source 
  AGN, Starburst galaxies, γ-ray burst… 

Model:  
 (Obs) – (Galactic Diffuse) – (Point Sources) 
 
Uncertainty:  

 GD model (Gas, ISRF, diffusion params) 
 Unknown Source 

     -> Less than 10-20 %  
 Miss identified CR (>10 GeV) 

     -> Event Selection Dependence 

LAT (2010) 50 
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Fermi LAT, arXiv:1410.3696 
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Astrophysical Factor 
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Classical dSphs Ultra-Faint dSph 

Geringer-Sameth et al., arXiv:1410.2242 



54 

Ultra-faint 
(Segue 1) 

Classical 
(Fornax) 

Geringer-Sameth et al., arXiv:1408.0002 

Astrophysical Factor 



Astrophysical Factor 

55 Geringer-Sameth et al., arXiv:1408.0002 



Astrophysical Factor 
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Bonnivard et al., arXiv:1407.7822 

30 

1000 
10000 

Mock Data => J-factor: Sample dependence 
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V-I 

M. G. Walker et al,. (2007) 

V
 

J. D. Simon et al., (2011) 



58 L. Tresse (Slide) 
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Models of dSph galaxy from Walker et al.  

 

 

 



Mock data for individual stars 



Evoli+, arXiv: 1504.05175 Gaelle+, arXiv: 1504.04276 

Jin+, arXiv: 1504.04604 



Nesti and Salucci, arXiv: 1304.5127 



Subhalo distribution 



Isotropic 

Sefusatti et al., MNRAS 441, 1861–1878 (2014) 

Variance of DM density 



Mmin Dependence 



Jin+, arXiv: 1504.07230 
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Buote+, arXiv: 0610135 
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77 Jin+, arXiv:1410.0171 



78 Jin+, arXiv:1410.0171 
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Detector 
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Milky Way 

Milky-Way Galaxy 

Charged 
CRs 

 

8.5 kpc 

• The nearest DM signal source 
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Milky Way 

Milky-Way Galaxy 

Charged 
CRs 

 

8.5 kpc 
DM Profile? 

Propagation? 

Background? 

Gaelle+, arXiv: 1504.04276 

Flux(Antiproton) 

Profile 

Buch+, arXiv: 1505.01049 
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Milky Way 

Milky-Way Galaxy 

Charged 
CRs 

 

8.5 kpc 
DM Profile? 

Propagation? 

Antiproton 

Background? 

Gamma (Continuum) 

H.E.S.S, arXiv: 1502.03244 

Gaelle+, arXiv: 1504.04276 
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Extra Galaxy / Cluster 

Extra Galaxy/ 
Cluster 

100 Mpc 



Extra Galaxy / Cluster 

Extra Galaxy/ 
Cluster 

Substructure? 

LAT, arXiv: 1002.2239 

Substructure 

100 Mpc 
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Extra Galaxy / Cluster 

Extra Galaxy/ 
Cluster 

DM Profile? 

Substructure? 

Lacroix+, arXiv: 1505.00785 

M87 (~16 Mpc) 

100 Mpc 

NFW 

Spiky 

Profile (with super-massive BH) 
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Isotropic 

Fermi-LAT, arXiv: 1410.3696 
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Isotropic 

Halo Size? 
Distribution? 

Substructure? 

Fermi-LAT, arXiv: 1410.3696 

Fermi-LAT, arXiv: 1501.05464 



Wino DM annihilation  
cross section 

Current observational limit 
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Current observational limit 

Wino DM annihilation  
cross section 
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Energy Bin 

Signal Flux: F(S) 
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Background Flux 
1. Galactic Diffuse 

 CR + ISM, Brems of CRe, IC (CRe + Interstellar radiation field)  
 → Simulation (e.g. GALPROP) with ISM, ISRF, Large Scale Structure. 

2. Isotropic Diffuse 
 AGN, Starburst, γ-Ray burst, unknown sources 
 → Evaluated from |b| > 30⁰ sky data 

3. Point-like Source 
 AGN, SNR, Pulsars, Unidentified 
 → Mask/Model 
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Detector Capabilities 

Aeff 

PSF 

ROI 

ROI: 

Typical dSphs Size PSF (68 % containment angle) Signal Flux 

Background Flux 

PSF effect -> efficiency ε 

Large ΔΩ -> Large Background 

Satellite- type Obs 

Efficiency: ε 

Direction Reconstruction 



Sensitivity Line 
Profile Likelihood J-factor error is included 

Test (95% C.L)  

2000 Pseudo Experiments for Nai ({N
(1)

ai,  N
(2)

ai,N
(3)

ai…}) 
(Poisson  with the mean of Bai) 
 

Each N(i)
ai → σv (i) 

 

Right Figure:  
Mean and 68 (95) % band  
for the set { σv (1) , σv (2), σv (3),… } 
 
 
 

P(N:λ): Poisson 
G(x: μ, σ): Log Gaussian 
Nai: Observed Events 
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Current Limit Future Prospects 

Ursa Minor 
320 GeV ≤ m ≤ 2.25TeV and 2.43 TeV ≤ m 
 
Combined (15 dSphs) <- Aggressive 
390 GeV ≤ m ≤ 2.14TeV and 2.53 TeV ≤ m 

810 GeV ≤ m ≤ 1.86TeV, 2.70 TeV ≤ m 


