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Dwarf spheroidal galaxy (dSph):  
 the promising targets for studying DM

• Proximity (30-100 kpc) 
• Clean targets for indirect DM searches 
• Dark-matter rich system
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Dwarf spheroidal galaxy (dSph):  
 the promising targets for studying DM
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• Proximity (30-100 kpc) 
• Clean targets for indirect DM searches 
• Dark-matter rich system



Indirect detection of eV DM with Subaru-IRCS
KH and W. Yin (in prep.)
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DM mass ⇠ eV, DM� photon coupling ⇠ 10�11 � 10�10GeV�1

Bessho et al. (2022)

Parameter region:

Serious sky/thermal noise can be 
overcome by high-resolution 
of infrared spectrographs. 

dSph



Indirect detection of eV DM with Subaru-IRCS
KH and W. Yin (in prep.)

Subaru-IRCS observation can place more stringent constraints on  of 
eV DM than the GC cooling.

gϕγγ

0.5 1 2
0.01

0.10

1

10

100

mϕ[eV]

g ϕ
γγ

×
10
10
[G
eV

-
1 ]

Globular cluster cooling bound

2  reach of IRCS (8h  measurements of Draco)

σ

ALP miracle
H-band

258259260261262

RA [deg]

56

57

58

59

60

D
E

C
[d

eg
]

°2æ

19.00

19.32

19.64

19.96

20.28

20.60

20.92

21.24

21.56

21.88

258259260261262

RA [deg]

56

57

58

59

60
Median

19.92

20.22

20.52

20.82

21.12

21.42

21.72

22.02

22.32

22.62

258259260261262

RA [deg]

56

57

58

59

60
+2æ

20.44

20.76

21.08

21.40

21.72

22.04

22.36

22.68

23.00

23.32

lo
g 1

0
dJ

d
ec

ay
/d

≠
[G

eV
/c

m
2 ]

258259260261262

RA [deg]

56

57

58

59

60

D
E

C
[d

eg
]

°2æ

19.00

19.32

19.64

19.96

20.28

20.60

20.92

21.24

21.56

21.88

258259260261262

RA [deg]

56

57

58

59

60
Median

19.92

20.22

20.52

20.82

21.12

21.42

21.72

22.02

22.32

22.62

258259260261262

RA [deg]

56

57

58

59

60
+2æ

20.44

20.76

21.08

21.40

21.72

22.04

22.36

22.68

23.00

23.32

lo
g 1

0
dJ

d
ec

ay
/d

≠
[G

eV
/c

m
2 ]

Draco dSph

<latexit sha1_base64="2/OeD3nnP1mqVuDKcwELdQIofy8="></latexit>

dJdecay
d⌦

⇠ 1023[GeV/cm2]

World Record!

zJJHKLM



10°5 10°4 10°3

M§/Mhalo

°2.0

°1.5

°1.0

°0.5

0.0

In
ne

r
sl

op
e

of
D

M
pr

ofi
le

U
ltr

a-
fa
in
t

D
wa

rfs

Cl
as

sic
al

D
wa

rfs

Br
ig
ht

D
wa

rfs

NIHAO

FIRE-2

Classicals

NFW (at 1.5% rvir)

A
nt

2

B
oo

1

C
V

n
1

C
B C
ra

2

E
ri
2

S
eg

1

W
il
l1

Sex

Dra
UMi

Car

LeoII
LeoI

Scl

Fnx

L =
N

∏
i=1

1
(2π)1/2[δ2

u,i + σ2
p(Ri)]1/2

exp[−
1
2

(ui − ⟨u⟩)2

δ2
u,i + σ2

p(Ri) ]

Diversity of the DM distributions?

๏Based on axisymmetric Jeans 
analysis, we found the diversity of 
the DM density profiles in the 
dSphs.  

๏There are still large uncertainties 
on their inner slopes.

Prediction from LCDM based  
N-body+hydro sims.

Prediction from LCDM based 
pure N-body sims.
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KH, Chiba & Ishiyama (2020) 
KH, Hirai, Chiba & Ishiyama (2022)
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Diversity of the DM distributions?

๏Based on axisymmetric Jeans 
analysis, we found the diversity of 
the DM density profiles in the 
dSphs.  

๏There are still large uncertainties 
on their inner slopes.

Prediction from LCDM based  
N-body+hydro sims.

Prediction from LCDM based 
pure N-body sims.
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The main reasons:  
1. Insufficient number of velocity data 
2. Outer regions of the dSphs have not 

been observed yet.



Why need new spec. data in outer region?

Red and black diamonds are new targets.

Ursa Minor dSph has member stars far away from its center (Sestito+2023).

7rh

11rh

The star is 
located at 4kpc 
from the center!



Why need new spec. data in outer region?
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The DM density profile can be 
improved by adding only five 
outermost stars.

Good motivation for PFS!1 sigma uncertainties

Gray: 
Without five stars 
(the same as Hayashi+2020) 
# of stars: 313

KH et al. (in prep.)



Subaru-PFS is coming soon.
PFS pointing

Tidal radius

Blue: member star candidates 
Red: contamination star candidates

Ursa Minor: HSC data

Nspec. ∼ 300 Nspec. ∼ 5000
Current PFS

Wide & deep PFS survey: 
Huge number of stellar kinematics out to the 
outskirts of the Galactic dSphs.

KH and PFS-GA science WG

‣ Combining a huge data volume and dynamical 
analysis can place severe constraint on their DM 
distributions. 
‣ There are many kinds of dynamical analysis models.

Main goals: 
1. Develop more than one dynamical modelings 
2. Compare quantitatively the estimated DM density 

profiles from developed independent methods.



Mock dynamical analysis 
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I. Axisymmetric Jeans analysis II. Spherical Jean eq. Solver by ML
KH and PFS-GA WG KH, S. Lim, M. Nojiri, (in prep.)

See Nojiri-san’s slides

+ III. Higher-order velocity moments (D. Wardana, M. Chiba, KH,  in prep.)
See Chiba-san’s slides



Non-trivial effects on dynamical analysis should be considered
• Contamination stars (MW think disk, thin disk, and halo stars) 

• Binary stars (Binary system can inflate l.o.s velocity dispersions) 

• Tidal forces (Deviation from dynamical equilibrium)

L. Dobos (JHU) 

Contamination starsBinary stars
Kinematic info. 

generated by DM 
potential

C. Filion (JHU) E. Kirby (Notre Dome) ME
PFS-GA science team



Thank you very much for the support of these papers!
1. “Constraining self-interacting dark matter with dwarf spheroidal galaxies and high-resolution 

cosmological N -body simulations”, T. Ebisu, T. Ishiyama, K.H., 2022, PRD, 105, 2 
2. “Interstellar gas heating by primordial black holes”, T. Volodymyr, incl. K.H., 2022, JCAP, 2022, 017 
3. “The diversity of core-halo structure in the fuzzy dark matter model”, J. H.-Y. Chan, incl. K.H., 2022, 

MNRAS, 511, 943 
4. ”Dark matter halo properties of the Galactic dwarf satellites: implication for chemo-dynamical evolution 

of the satellites and a challenge to ΛCDM”, K.H., Y. Hirai, M. Chiba, T. Ishiyama, 2022 (arXiv: 
2206.02821)  

5. ”Cosmological prior for the J-factor estimation of dwarf spheroidal galaxies”, S. Horigome, K.H., S. Ando, 
2022 (arXiv: 2207.10378) C02 work 

6. “The Missing Satellite Problem outside of the Local Group. II. Statistical Properties of Satellites of Milky 
Way-like Galaxies”, M. Nashimoto, incl. K.H., 2022, ApJ, 936, 38

Papers in progress:
1. “Indirect detection of eV DM with Subaru-IRCS”,  K.H., Y. Wen 
2. “Measuring the dark matter halo of a dwarf spheroidal galaxy through normalizing flows”,  K.H., S. Lim, M. Nojiri 
3. “Constraints on dark matter distribution in dwarf spheroidal galaxies based on higher-order Jeans analysis”, D. 

Wardana, M. Chiba, K.H.,


