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Dark matter: one of the greatest mysteries in modern physics

Ferreira (2020)
10~ 33 eV 10~ 22 e eV keV A[[ )] */\'f[ffif’i- Mass
----- hag------------ | ey | | >
DE Ultra-light DM “Light” DM § 11 § ; )‘\”;‘1’“"”“ Primordial BHs
Not DM ) i Limit

-
»

thermal relic

e |[ts existence has been confirmed through various
astronomical observations.

e Yet, it remains an unknown substance - we don’t even
knOW itS maSS- _ Dark Matter

e [t offers an enormous discovery space waiting to be
explored.

e WIMPs are among the leading candidates for DM.

Bertone & Tait (2018)



The Milky Way

as a unique target for indirect DM searches
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MW dSphs:
Large J-factor (J < 6(10'%) [GeV?/cm?
- Clean astrophysical environments

DM distributions constrained by stellar
OENEITE

" Galactic Center:
- Very large J-factor (J ~ 6(10%%) [GeV?/cm’
- Complex astrophysical backgrounds

- Large uncertainties in the DM distribution

. | Fornax
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- Key Question of my talk:

Ll p— | How sensitive are estimates of the DM
N - tor (J < 6(10'%) [GeV?/ t;;. M : :

arge J-factor (/35 0A0 TSRSl anmhllatlon cross section with CTAO
% Clean astrophysical environments

— DM distributions constrained by stellar | | to non-spherical DM distributions cal DM distributions in
~ kinematics | J \‘ dSphs7

- — = —=— —_— - — ==
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Why non-spherical?

Dwarf spheroidal galaxies are not spherical but spheroidal!
_ Stellalstrltlons , Predicted DM distributions

MeasBIMe Ma= 4x107 M@ G e ML DT M ¢
Pegasus-.. "+ i | Sculptor e - Phoenix -
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BuIIo & Boylan- Kchln (201 /) Springel et al. (2008)




Non-spherical dynamical mass models

Non-spherical dark matter density profile
I
(r/r)"[1 + (r/ry)*]P—nia

DM halo axial ratio

Non-spherical stellar profile

Ppom(r) =

Draco dSph

L_| —log(1 - B,) = 0.41+32}




Dark matter density profiles: Classicals & UFDs
KH, Chiba & Ishiyama (2020), KH, Hirai, Chiba & Ishliyama (2023)

Ursa Minor = (Canes Venatici I

Half light radius

Sculptor Fornax
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J-factor map:

Draco
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Gamma-ray data analysis with CTAQ

» 100hrs for each dSph (18 objects) 5 T CTesemmamy
. 60 seeds, bkg only, 2°x 2° for each dSph "¢ -~ L3
« Templete model: axisymmetric DM fot g S e
distribution £ TRy e T
. Spectrum models: bb, WW~, vt~ 2y Wi i U AR -
Reconstructed Gamma-ray Energy ER (TeV)
« Obs. at zenith angle: 20° — 60°
i —— CTAO Northern Array
. E}, — [0.02’150] TeV 0.23_ ----- CTAO Southern Array E
» Likelihood analysis with Gammapy-ver2.] 2 oref- -
« CTAO IRF Prodb-ver.0O.1 g o -
Classicals: 0.051 _
Draco, Fornax, Carina, Sculptor, Sextans, Ursa Minor, Leo |, Leo
UFDs: NI RN _
Bootes |, Coma Berenices, Reticulum ll, Segue 1, Segue 2, Tucana 2, Tucana 4, UrsaMajor |, UrsaMajor |, Willman 1 1072 10~ 1 10 102

Reconstructed Gamma-ray Energy ER (TeV)

(prodb, v0.1)

Sensitivity

.cta-observatory.org/scienc

https:/fwww

e/cta-performance (prod5, v0.1)

Angular resolution

https://www.cta-observatory.org/scienc



Results: Sensitivity for individual dSphs

17 Draco b-channel: full combined uncertainty + point ! Seguel b-channel: full combined uncertainty + point

10

95% band (seed + J-map combined, template)
18 68% band (seed + J-map combined, template)
10 68% band (seed only, point)
= Median (combined template, Full template + Jtot)
== == Median (point + Jtot)
---- Jmap llw (seed median)
—-— Jmap median (seed median)
-=-- Jmap lup (seed median)

« = Thermal relic (3 X 1072° cm?> s71)

95% band (seed + J-map combined, template)
13 68% band (seed + J-map combined, template)
10 68% band (seed only, point)
= Median (combined template, Full template + Jtot)
== == Median (point + Jtot)
Jmap 11w (seed median)
—-— Jmap median (seed median)
-=-- Jmap lup (seed median)

« = Thermal relic (3 X 1072° cm3 s71)

Preliminary

(ov) 95% CL upper limit [cm> s71]

10
10° 10 10°

my [TeV] my [TeV]
e Point source approximation could overestimate the DM sensitivity

e Systematic (J-factors) and statistical (bkg seeds) errors are included
® J-factor uncertainties of UFDs are larger than statistical uncertainties.



Results: Sensitivity for Combined dSphs

10~
*  J-map (—10)
= J-map (Median)
10~2 J-ma; (+10)
..... Thermal relic
10-22 H+  Totani (2025)
= Optimistic case
e e ————w :
5o Very. Pretiminary!!
—
-
=102
S
0-»f-  Considering J-factor map uncertainties,
) GC excesses would not be rejected from
10~

bb

the dSphs’ constraints.

m, [TeV



Near Future Prospect
KH, Chiba & Ishiyama (2020), KH, Hirai, Chiba & Ishliyama (2023)

Ursa Minor = (Canes Venatici I
i

10

Half light radius

N[

* The current sample size is still limited.
e | arger datasets should be needed for robust J-factor improvements.

Major Axis |kpe|  Major Axis |[kpc]  Major Axis [kpe|]  Major Axis [kpc]




Toward Better Estimates of DM dlstrlbutlons
Subaru-Prime Focus-Spectrograp

Keck: DEIMOS
Gemini: GMOS 16.7 x 5.0 arcmin
5.5 x 5.5 arcmin
Subaru Telescope
VLT: FLAMES
25 arcmin diameter +

Wide and Deep
spec. survey

Subaru: PFS 1.3 deg diameter
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Uniqueness of Subaru-PFS -

69.0

Ursa Minor PFS pointing

68.5 ,
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VLT: FLAMES : L N
25 arcmin diameter 25 &= . . R, o
-1.0 -0.8 -0.6 -0 4 -0.2 00 02 04 06 08 10 12 14 16 18 20

(g-1) s (Mag) o

730 378 326 324 g-i [mag]
RA [deg] Wide & deep PFS survey:

65.5

Current

Huge number of line-of-sight velocities of each
Nypee. ~ 1000 =

spec. star out to the outskirts of the Galactic dSphs.



Take Home Massages

» Milky Way dSphs are well-motivated targets for indirect DM searches.

« CTAO will provide powerful probes of DM candidates at high energies
(E = O(1) TeV), with excellent angular resolution.

» With the CTAQO angular resolution, non-sphericity of DM distributions
IN dSphs may have a non-negligible impact on the DM sensitivity.

» Subaru-PFS will provide large samples of stellar line-of-sight velocities
extending to the outskirts of dSphs, enabling improved constraints on their
DM distributions.



Back up slides



DM density profile estimation fos o

Observable informations are limited to: s
 Celestial coordinate L e
- Line-of-sight velocity

(557 Y, 2y Ugy Uy, UZ) — (QE, Y, UZ)

Draco dSph

Current methods introduce in order to simplify the problem 160 f 1
and make it solvable only with limited information: |
- Symmetry assumptions (e.g., spherical, axisymmetric) 100 |
- Parameterized stellar and DM density profiles N
- Parameterized velocity anisotropy profile a0}
- Dynamical equilibrium assumption, etc... 22 N J | M

Vlos |km/s]

80 I

count




Minor axis [ rhaf

Why non-spherical?
Contours of line-of-sight veloc:|ty dlspersmn (Hayashl & Chiba 2012)
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Major axis / Mhalf

Non-sphericity
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Distinguish between
Cusp and Core

Solid: CUSP

Dashed: CORE

Non Spherlcal

Maijor axis [ rna




PFS forecast

» Estimated mock DM density profiles
from non-spherical Jeans analysis
with current small data (pink) and
PFS forecast large data volumes

(purple).

KH and PFS-GA WG

== Input parameter

Large sample size Current

PFES forecast

« The large data volume over wide
area by PFS can recover the input
dark matter density profile from the
center to outer parts.




