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Outline

€ Properties of non-spherical dark halos in

the Galactic dwarf spheroidal (dSph)
galaxies

€ Dark matter annihilation and decay from
non-spherical dark halos in dSphs

€ Future prospects
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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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Deriving DM profiles from spherical mass models

Spherical mass models “Spherical averaged”
5 o R?\ W(D)er |-o-s velocity dispersion profiles

Jz(R):—/ (1—@ ) —dr | '

P IR) Jr r2) \JiT_R?

o2 + 0'3
B=1- -7
20-3 ,500 1000 1500 2000
observed not observed
DM halo profile:
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Stellar profile:
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Major systematic uncertainty:
Spherical symmetry

v’ Stellar distributions of dSphs are actuallv not spherical

typlcal prOJected aX|aI ratlo O 6 O 7

P
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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

2016/01/13" ———  Springel et al.2008



)xAssumptions:x ;
WM Stellar components are in dynamical equilibrium. .
WM Static gravitational potential is dominated by DM..
. B DSphs are considered as a collisionless system. .
. B Axisymmetry in both stellar and DM components
B Velocity anisotropy, g, is constant.




)xAssumptions:x ;
WM Stellar components are in dynamical equilibrium. .
WM Static gravitational potential is dominated by DM..
. B DSphs are considered as a collisionless system. .
. B Axisymmetry in both stellar and DM components
B Velocity anisotropy, g, is constant.

Free parameters

DM-halo component




New constraint on shape of dark halo in dSphs
Hayashi & Chiba (2015b)
DSph’s dark halos are not spherical but flattened. " Cen e

Axial ratio of DM halo: Q

n (km/s)

Our study was the first to show that dw'arf spheroidal
galaxies have not spherical but flattened dark halos!

m




Major systematic uncertainty:
Spherical symmetry

Mass within a radius of 300 pc

' : CORE model (Non-spherical) —&—
Spherlcal mOdel NFW model (Non-sgherical)

Strigari+ 2008, Nature Strigari+ 2008 (Spherical)

Draco Carina Leol
Sculptor

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.
W
20




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,_,

-  M(rmax) v, X pars
Vimax — ) for NEW profiles
T hax p(r) = pa(r/rs)2(1 + r/7,) 2
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A common surface density scale
for dark halos

dSphs (core) [This work] @
dSphs (cusp) [This work] ]
Spirals (THINGS) —&A—
Spirals (GHASP) — & —
dirrs
Spirals & Ellipticals —Jll—

__“;§ af f}}*‘f “4a

| | | | | |

50 100 150 200 250 300 450
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A common surface density scale
for dark halos

IS

Dark matter surface density within Max
sufficiently constant across a wide range of galaxies,
irrespective of dark halo density profiles.

2016/01/13



Comparison with dark matter scenario

v’ At hicher hala-macc rance

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

11 LU UIT uadla:

v Mean surface density derived
from WDM largely deviates
from the observational
constancy at dwarf-galaxy
mass scales.
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Comparison with dark matter scenario

dSphs (core) [This work] — @

v" At higher halo-mass range, dSphs (ggls;gl)s[{m&vgg
this constancy for real galaxies Spirals (GHASP) —&—
can be naturally reproduced Ak & Spirals & Ellipticals —
by both CDM & WDM, even aa 3 %BM(V(VMQ\EQ —
though do not perform any _ WOM - 2kel — —
fitting to the data! 400

v" Mean surface density derived % +1 + %ﬁ+ %ﬁ
from WDM largely deviates . 4 L T%‘T T
from the observational

constancy at dwarf-galaxy
mass scales.
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DARKSMARIER
ANNIHIIFAVTIION DEGEA\YEARREO M
NONZSBHERIG/AIMNB)ARKS

KH, K. Ichikawa, S. Matsumoto, M. Ibe, M. N. Ishigaki & H. Sugai, 2016 (in preparation)




Indirect search for dark matter

Galactic dSphs are ideal sites for detecting a dark matter Signal !

Galactic dSphs:

v largely dark matter i ot )
dominated systems CLeoD g spral gy
(M/Ls ~ 10 to 1000) " B Lot o e

Cvn ll LeoV ® dirr

v’ locate close to the Sun r
(about 20 to 200 kpc) 250kpc sphere

Draco Segl

v’ lack of astrophysical Sk
contaminating gamma- ~ S~ scay
ray sources (no gas &

no current SF)

Fornax

S. Okamoto PhD thesis



Upper limit on particle DM parameters

(ov
O(E, AQ) = [SWDMZBr DMDM—)f)(dE /AQdQ/IOSdEp Mz)]

Observed

v-ray flux Theoretlcal predictions

Expectation

4 years observation

Wino Dark Matter Mass (GeV) Bhattacherjee et al. 2014

To obtain further limits on properties of dark matter particle,
We need determine the dSph’s dark halo structure (J-factor) more precisely !




Major systematic uncertainties on J

* Non-spherical dark halo

Most previous works estimated J values by assuming spherical mass
models, even though dark halos in dSphs are not spherical but elongated
(Hayashi & Chiba 2012, 2015b).

* Foreground contaminations
These have largely impact on determining dark halo profiles, especially
ultra faint dwarfs (Bonnivard et al. 2015).

« Data volume

The constraints on dark halo structures in dSphs are affected largely by the lack
of kinematic sample and distribution of member stars (Hayashi & Chiba 2015b).
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Our targets

Axisymmetric Jeans equations
_ 1 > 9P
vgz—/ I/—dZ,'v?p:—

v(R,z) J. 0z 1

Table 1. The observational dataset for MW dSph satellites

Object

Nsarnple

RA (J2000)
[hh:mm:ss]

DEC(J2000)

[dd:mm:ss]

Do
(kpc]

Thalf
[pc]

/

q
(axial ratio)

Classical dwarfs
Carina
Fornax
Sculptor
Sextans
Draco

Leo I
Leo II
Ultra faint dwarfs
Segue 1
Segue 2
Bootes 1
N Hercules
(| Coma Berenices
LL| Canes Venatici I
)| Canes Venatici II
Leo IV
": Leo V
Leo T
Ursa Major I
Ursa Major 11
Reticulum II
Draco II
Triangulum II
Hydra II
Pisces 11

L2
®
©
7))
72
©
(®)
N

06:41:36.7
02:39:59.3
01:00:09.4
10:13:03.0
17:20:12.4
10:08:28.1
11:13:28.8

10:07:04.0
02:19:16.0
14:00:06.0
16:31:02.0
12:26:59.0
13:28:03.5
12:57:10.0
11:32:57.0
11:31:09.6
09:34:53.4
10:34:52.8
08:51:30.0
03:35:42.1
15:52:47.6
02:13:17.4
12:21:42.1
22:58:31.0

—50:57:568
—34:26:57
—33:42:33
—01:36:53
+57:54:55
+12:18:23
+22:09:06

+16:04:55
+20:10:31
+14:30:00
+12:47:30
+23:54:15
+33:33:21
+34:19:15
—00:32:00
+02:13:12
+17:03:05
+51:55:12
+63:07:48
—54:02:57
+64:33:55
+36:10:42
—31:59:07
+05:57:09

—9.1£0.5
—13.4+0.3
—11.1+0.5

—9.3+0.5

—8.8+0.3
—12.0+0.3

—9.8+0.3

—1.5+0.8
—2.51+0.3
—6.31+0.2
—6.6 =0.4
—3.7+0.6
—7.9+0.5
—4.8 1+ 0.6
—5.1+0.6
—5.21+0.4
—7.1+£0.3
—5.6 = 0.6
—3.8+0.6
—2.7+0.1
—2.94+0.8
—1.8+0.5
—4.81+0.3
—5.0£0.5

106 £ 6
147 + 12
86 =6
86+ 4
76 6
254 +£15
233 £ 14

32+6
35+2
66 + 2
132 £ 12
44 +4
—14
178 £ 10
417729
10613
3215
32+3
20 +3
30+£2
134 £+ 10
~ 180

241 £23
668 = 34
260 £ 39
682 + 117
196 £ 12
246 + 19
151 =17

29738
35+3
242 + 21
330175
64+7
554 + 63
132+ 16
152 + 17
135 + 32
170 + 15
308 + 32
127 +21

9
3473
68 + 11
~ 60

0.67 == 0.05
0.70 £0.01
0.68 +=0.03
0.65 £ 0.05
0.69 £+ 0.02
0.79 £0.03
0.87 £0.05

0.53 £0.10
0.85+0.13
0.61 4 0.06
0.32 4+ 0.08
0.62 +0.14
0.61 4+ 0.03
0.48 = 0.11
0.514+0.11
0.50 == 0.15
~ 1.00
0.20 = 0.04
0.37 = 0.05
0.41 +0.03

0.60 %+ 0.10




factor values for axisymmetric mass models

J-

dep® (£, )

O.S
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¢ ¢ Our work

It is found that there are differences

between the values of J-factors
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Errors of our work are larger than
previous one because axisymmetric
mass models pretty good fit to the
data compared with spherical ones.
Segue 2, Leo IV & Draco 2 have
extremely low J-values because
these galaxies have very small
values of p, and r, due to low

velocity dispersions.
Triangulum 2 has the highest

J-value, log,(J)
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Major systematic uncertainties on J

* Non-spherical dark halo
Most previous works estimated J values by assuming spherical mass

models, even though dark halos in dSphs are not spherical but elongated
(Hayashi & Chiba 2012, 2015b).

* Foreground contaminations
These have largely impact on determining dark halo profiles, especially
ultra faint dwarfs (Bonnivard et al. 2015).

« Data volume

The constraints on dark halo structures in dSphs are affected largely by the lack
of kinematic sample and distribution of member stars (Hayashi & Chiba 2015b).

2016/01/13



Wide & deep survey of MW dwarf galaxies
w. Subaru/PFS

in previous work (Walker+ 2009) Cumulative number of observable stars

(previous work by Walker+ 2009)
FoV for pervious survey 1800
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Wide & deep survey of MW dwarf galaxies
w. Subaru/PFS

in previous work (Walker+ 2009) Cumulative number of observable stars

PFES.FOV FoV for pervious survey
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PFS Survey

Precise measurement of DM Halo Profiles ' ...

Stellar Velocity Data <= DN Gravitational Potential

Fit

p(r) = ps(r/rs) ~(1+1/rs) "

dv =3km/sec

log[rs/pc]

Velocity data of
| >~ 800 stars enable

to determine DM halo
profiles very precisely

log[rs/pc]

N

-05 00 05 1.0
—log[1-4:]

2] 00

Prob Dens.

200
17.5 18.0 18.5 19.0
Log10[J(0.5°)/(GeV?/cm®)]

J-factor is determined very precisely!
= nature of DM
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Summary & Future works

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

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

3. ltis 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.

4. J-factor values are changed by assuming dark halo mass models.

5.  We will investigate how much Subaru-PFS can reduce the J-factor
uncertainties of non-spherical dark halos.

2016/01/13



