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Galactic dSphs as a probe of DM

Mass to Light ratio (M/L) within stellar extent in dSphs
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The Outstanding issues in ACDM

» Too-big-to-fail problem (Boylan-Kolchin+ 2012)

* Missing satellites problem (Moore+ 1999, Klypin+ 1999)

+ several other issues (core-cusp, global shape of dark halo, disk-like
structure of satellite distribution)

Too-big-to-fail (Boylan-Kolchin+ 2012) Missing satellites (Moore+ 1999)
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The Outstanding issues in ACDM

» Too-big-to-fail problem (Boylan-Kolchin+ 2012)
« Missing satellites problem (Moore+ 1999, Klypin+ 1999)
+ several other issues (core-cusp, global shape of dark halo, disk-like

| Candidate to solve these issues:
« Baryon feedbacks?

 Alternative dark matter models, such as WDM?
. Incomplete observational data and dynamlcal anaIyS|s’?
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Deriving DM profiles from spherical mass models

Spherical mass models

Dark halo model :

Plummer model for stellar density :

o [1+7%/rf ] %

Spherical Jeans equation

_ o0
V2 = Gr‘zﬁ/ s?P2u(s)M(s)ds

Velocity anisotropy 3= constant

2015/10/13 Workshop on Astrophysics of Dark Matter

|-0-s velocity dispersion of stars [km/s]

“Spherical averaged”
|-o-s velocity dispersion profiles
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Major systematic uncertainty:
Spherical symmetry

v’ Stellar distributions of dSphs are actuallv not spherical
: O 6 O 7
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Major systematic uncertainty:
Spherical symmetry

v’ Stellar distributions of dSphs are actuallv not spherlcal
typ'Cal prOJected aX|a| rat|o 0. 6 0 7 :_;;,_._:; ' .

e e v

Constructlon of aX|symmetr|c mass models for dSphs
to obtain plausible limits on
their density profiles and shapes of their DM halos
(KH & Chlba 2012, 2015a, b).

dSph 5|zed han

B Springel et al.2008



Major systematic uncertainty:
Spherical symmetry

Mass within a radius of 300 pc

i rical model: CORE model (Non-spherical) —&— ]
Spherlcal mOdel NFW model (Non-thericaI) ]

- Strigari+ 2008, Nature Strigari+ 2008 (Spherical) B f
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Major systematic uncertainty:
Spherical symmetry

Mass within a radius of 300 pc

Spherical model: CORE model (Non-spherical) —&—

] ] NFW model (Non-spherical)
Strigari+ 2008, Nature Strigari+ 2008 (Spherical)

Draco Carina Leol
Sculptor 0l

107 ........... extamg: = *+ = * = T, ____________ - .

Fornax

It is clear that our axisymmetric mass models provide a
different picture of this issue, namely, the mass constancy
within the inner 300 pc as argued by spherical models is not

necessarily the case.

Non-Spherical model
KH & Chiba (2012)
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New universality for the DM halos

KH & Chiba(2015a,b) based on axisymmetric mass models

v' Maximum circular velocity

We suppose that a test particle perform
circular motion in a DM halo potential.

Vcirc

r_.. indicates the radius of the maximum

max

value of circular velocity, V.-

v DM surface density withinr,_,
L M(rmax) 23V

Vimax — ) for NEW profiles
T max p(r) = pa(r/ra) (1 + 1/r,) 2




A common surface density scale
for dark halos

spirals (THINGS & GHASP) pseudo-isothermal profile
dwarf irregulars Burkert profile

spirals and ellipticals Burkert profile

MW and M31 dSph double power law profile gssgﬁg(%ﬂgg ﬁﬂ:g ag:ﬂ )4 _
Spirals (THINGS) —&—
Spirals (GHASP) —&A—

dirrs 1
Spirals & Ellipticals —l—




A common surface density scale
for dark halos

spirals (THINGS & GHASP) pseudo-isothermal profile

dwarf irregulars Burkert profile

spirals and ellipticals Burkert profile

Ss (cor) [Tis r] L 4
Dark matter surface density withinr,_, IS

sufficiently constant across a wide range of galaxies,
irrespective of dark halo density profiles.




Comparison with dark matter scenario

dSphs (core) [This work] — @

v' At higher halo-mass range, P e ThINGS) 4
this constancy for real galaxies Spirals (GHASP) — 2
can be naturally reproduced ok Spirals & Ellipticals
by both CDM & WDM, even T GO e ——
though do not perform any ] WM e — —

fitting to the data! 400

Mean suace density .derived %I +1 + %ﬁ+ %ﬁ
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WDM: m=2keV
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Comparison with dark matter scenario

dSphs (core) [This work] — @
dSphs (cusp) [This work

v’ At hicher hala-macc rance

Warm dark matter scenario
IS |nconS|stent with this constancy.

HILLig LU uic uawa:

v" Mean surface density derived

CDM: Klypin+ 2014
WDM: Schneider+ 2014
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Summary

1. We have constructed axisymmetric mass models for dSphs in the
MW and M31 to obtain plausible limits on the structure of their dark
halos.

2. The global shapes of dark halos have largely effects on the
limitation of particle mass and cross section of dark matter.

3. We find that the total mass of the dSphs enclosed within 300 pc
varies from 10° Mg to 107 M. This is quit different from the
conclusion based on spherical models.

4. Itis found that dark matter surface density within a radius of Vmax
is nearly constant across a wide range of galaxies, and this
universality is enable us to obtain the limits on particle masses of
WDM scenario.
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