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Dynamical Properties of dSphs 

(M/L)V ≈ 101～103 
          

dSphs are 
 largely dark matter dominated! 

dSphs are ideal sites for 
studying the properties 
of Dark Matter!!   

Mass to Light ratio (M/L) within stellar extent in dSphs     

McConnachie 2012 
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Science Goal 
ü  What is the distribution of dark matter of dSphs? 

ü    Testing ΛCDM theory on small mass scales. 

² Central density slope of a dark halo 
² Global shape of a dark halo 

ü    Constraining on the nature of dark matter   

•  Core-cusp problem & Too-big-to-fail problem 
•  How flattened are dark halos?  
•  Uncovering potential problems… 

•  γ-ray flux caused by annihilation of DM particles   
    (市川くん’s talk) 
•  Constancy of mean surface density of dark halos 
    (KH & Chiba 2015a)  
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New astrophysical test on the nature of dark matter 
KH & Chiba (2015a)  
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!
n  Stellar components are in dynamical equilibrium."
n  Static gravitational potential is dominated by DM."
n  DSphs are considered as a collisionless system."
n  Axisymmetry in both stellar and DM components."

※Assumptions※!

・DM-halo component 

Q : DM’s axial ratio 

・Axisymmetric Jeans equations  

:  velocity anisotropy 

・Luminous component 

q : axial ratio 

q’ : projected q 

Non-spherical dark matter distribution of dSphs in the MW and M31 
Hayashi & Chiba (2015b, in prep.) 
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n  DSphs are considered as a collisionless system."
n  Axisymmetry in both stellar and DM components."

※Assumptions※!

・DM-halo component 

Q : DM’s axial ratio 

・Axisymmetric Jeans equations  

:  velocity anisotropy 

・Luminous component 

q : axial ratio 

q’ : projected q 

Free parameters 

Non-spherical dark matter distribution of dSphs in the MW and M31 
Hayashi & Chiba (2015b, in prep.) 
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The observational dataset 
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The observational dataset 

Fitting method: MCMC technique 
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Line-of-sight velocity dispersion profile 
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Best-fit parameters 
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Best-fit parameters 
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Degeneracy between Q and βZ  
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And VII What is the origin of this degeneracy? 

 Fornax:   good constraint ☺ 
And VII:   strong degeneracy " 
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The impact of sample selection 
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The impact of sample selection 
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Require the observational data  
over much larger areas 
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Previous survey for dwarf spheroidal satellites 
Walker et al. 2009 tidal radius 
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PFS survey for dwarf spheroidal satellites 
Takada et al. 2014 tidal radius 

Subaru PFS pointing 
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Plummer fit 

Gaia Challenge – Triaxial Data 

Data within 
Rhalf 

Data within 
5*Rhalf 

r < Rhalf : r > Rhalf =7:3 
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誠意計算中。。。 



What is an optimal observation for dSphs?  
Black dots: Spectroscopic data of Fornax dSph (Walker+ 2009) 
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# of stars= 2523 

by 幹人さん 



What is an optimal observation for dSphs?  
Black dots: Spectroscopic data of Fornax dSph (Walker+ 2009) 
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# of stars= 2523 

by 幹人さん 



What is an optimal observation for dSphs?  

2015 July 9-11 すばるPFSによるサイエンス検討会 

outer (depopulated) region: 
observe foreground stars and background galaxies simultaneously. 

Walker+ (2015) 



Summary 
v  The best-fitting cases for most of the dSphs yield not spherical but 

flattened halos. These axial ratios are smaller than the CDM-based        

N-body predictions. 

v  To set robust constraints on dark halo structures in dSphs, we require 

deep photometric data to assemble many sample stars down to 

faint magnitudes and spectroscopic data over large areas out to 

their tidal radii. 

v  Subaru HSC and PFS offer an unprecedented opportunities to 
investigate dark matter halo properties of the MW and M31 dSphs. 

v  In order to do optimal observation, we should advance concrete 

discussion on GA survey plan. 
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