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High energy phenomena in the universe

NSF/J. Yang 3 ¥ NASA/CXC/SAO.

5 . \\'%\' ¥

Supernova Remnant

Supermassive Black Hole

A% CNASACXC/CIA . M " David A. Hardy

Gamma Ray Burst Active Galactic Nuclei Binary / Nova Dark Matter Search

There are plenty of interesting topics in High Energy Universe

We focus on the Dark Side of the Universe
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Exposure of instruments for High-Energy Photons toward DM searches
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Exposure of instruments for High-Energy Photons toward DM searches

Moy [GeV]
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Adapted E. Moulin’s slides

High Energies: dramatic improvement is expected within next decade
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Cherenkov Telescope Array Observator

North site, La Palma,w
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The first Large-sized Telescope (LST-1)

® |ocated at Roque de los Muchachos, La Palma, Spain

® 23m diameter mirror—delivering greater sensitivity for
low energies

® \Vide field of view (~4.5°) enables efficient mapping of
extended regions, ideal for dark matter and Galactic
Center studies

® Three more LSTs of CTAO North array are in the
construction (will complete next year)

e
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Expected gamma-ray flux from DM annihilation/decay
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Based on Cirelli et al. JCAP 1103, page 51
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Expected gamma-ray flux from DM annihilation/decay

p SM
Annihilation
SM
: : SM
Decay Ao

Astrophysics term

L o4
2 4
A5
*

p : dark matter density (source-dependent)
J-factor : Integrated DM density along the line

—
o
V 4

o(r) [GeVem ]

—_ m \
10 © \ , .
— CuspyEimaso |9 ) of sight (in case of decay, called “D-factor”)
-3 uspy Ei o
107 F NFW -
_4E Cored Zhao 3
10 F (McMillan, 2017) | &
5 = === Burkert core .
10 10° 10 102

TAUP 2025, 27h/Aug/2025, CTAO-LST1 DM, Tomohiro Inada (Kyushu U.)



Motivation for Gamma-ray Line sighal searches

® (Clear peak at DM mass: No astrophysical contamination R X Jﬂz'"’
X Y X ,Z" D > D
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https://arxiv.org/abs/1810.00995
https://arxiv.org/abs/hep-ph/0307216

Benchmark models

SUSY particles
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The sensitivity in the TeV-scale is a key ingredient
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https://arxiv.org/pdf/0706.4071
https://arxiv.org/abs/hep-ph/0610249

The Galactic Centre from North

DM line searches

® The Galactic Centre is considered as a southern o S L B -
source - no results from north for DM for 15 years §10_23§ f/ E
® But past years, MAGIC in La Palma demonstrated ;1 0_24i ye _i
the potential for the GC observation with large- 4 - ~m/-/ -
zenith angle observation \910—25; ~ /,-—\_‘/’ o
® Can be significantly impacted by instrumental §10 26§ /] N~ -

systematics, care required
® Not a simple observation
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Line searches
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2014 152  HESS.' Ann.  Abdalla ct al. (2016) .
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2013 2019 204 MACIC Ann. Inada ct al. (2021)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.061002
https://arxiv.org/abs/2111.01198
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The GC Observation with LST-1

® Key experimental fact:
® |ACT performance depends on zenith angles
because of difference in a shower distance

® Large zenith angle observation
® Energy threshold: worse
® Energy resolution: worse
® [ffective collection area: better
® Good for higher energetic events
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Extended Sources Analysis with LST-1

® [Effective area stays > 10> m2 for higher energies :
Y 5 5 Gglaa'c Center  IlEss MAGIC VERITAS  LST-1
up to 2° from camera center observations
® Allows using wider region of interests (ROls) and  ZenithAngle LargeZzd  largezd  largeZd
. c e . . Fi f Vi . 4.
improves sensitivity for extended regions teld of View >0 deg 5 deg
MAGIC FoV
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—e— energy = 10.0 TeV Zd 67° 10 10 10
10> - | . | | a; [deg]
0° 0.5° 1° 1.5° 2° 2.5° Allows studying wider region around GC for DM search

Offset [deq]

(upto 1.8° ROI), than MAGIC-2022 (<1.1° ROI)
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Signal and Background modeling

e Simulations of 40h — At GC using LST Instrumental Response Functions (IRFs)

—— Residual Background
— Sgr A* (MAGIC 2020)

SNR G0.9+0.1 (MAGIC 2020)
Arc (MAGIC 2020)

Diffuse emission

DarkMatter

iIminary

1027

l

;--—-------.

Counts

\.

107 -

|

Simulated Data
Best-fit PL bkg model
Sliding energy window
DM mass

Preliminary

10

1102

Energy (TeV) Energy [TeV]

Count spectra summed over 1.8° ROl
:the residual CR bkg is dominant

PL Assumption within a

Background — modelled
as power law (PL)

sliding window technique
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Analysis Overview

® Search for a peak on ‘smooth’ counts spectrum majorly dominated by background
® Compute expected limits on DM parameter: annihilation cross-section <ov>
® Study systematics from background modelling using OFF-source data

cpe 4 )
Sensitivity study case
- ~ Model
~ p LST-1 / p background \/ p
MC instrument : \_ J Likelihood
simulations for » response J >mulate GC e ™ scan of DM
: null-dataset
LZA functions . parameter
\ Y (IRFs) \ Y Model DMline \ Y
. / signal - ™
o J Upper limit on
<oV>, .,
4 h g L A 4 Check A 4 A 4 Systematics A oo
Optimising : Curvature \_ W,
OFF source : curvature in : from
) = data selection - = affectingthe |——
observations counts o background
cuts spectra sensitivity modelling
\_ / . / N / N / o /

Control sample for systematics
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Off source data for systematics assessment

Systematics — background modelling in OFF source data e Optimised cut verified — reproducing Crab SED
® |ST-1 observations at LZA and dark conditions ® consistent with the previous studies within 25%

® mimicking GC observations ® OFF counts spectrum — curvature effect studied

® (Q-factor -based optimized cuts for event selection using log parabola fit to counts
Counts spectrum: 6.8 h Crab Nebula cross-check SED
107 i | |
: Counts :
PRELIMINARY
1071
107+ T
g 5
% § 10°11
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| Mask fit
100_: T ’I \w H’lﬂﬂ""’l N 4 Log-parabola SED
10  10° 10 107 e e w
Energy [TeV] Energy [TeV]
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Results: systematics in background modeling

Analysed 6.8h of OFF source data — systematics from PL modelling of background

e Curvature effect (B for log parabola fit) within the window width [E/(1+0¢)", E(1+0¢E)H],

e 3 # 0 affecting DM line sensitivity (relative to B = 0) O(E) = @O(EEO)‘ l"g(Eio)

e Estimating systematic uncertainty of 10%, 20% and 30% for 3, 4, and 5c¢ width at 3 TeV

- 3 TeV N 3 TeV
| +0.05 1
2
.34 >
2
0.2 1 | @
© rre =
% L) =
““““ TV A A X ¥ I7~ A7 Ve 7T 7] =
0.0 - ? ? g
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01 *1e p
PRELIMINARY 2

AN MRS SN N N SN — 3 —60 | | | PRELIMINARY

3.00 3.25 3.50 3.75 4.00 4.25 4.50 4.75 5.00 e —-0.10 —-0.05 0.00 0.05 0.10
U [Window width - in] Beta (log-parabola curvature)

TAUP 2025, 27h/Aug/2025, CTAO-LST1 DM, Tomohiro Inada (Kyushu U.)



Results: DM line sensitivity

® Explored both, cuspy (Einasto) and cored (Burkert) types of DM density profiles ;
® [ST-1 shows potential in probing SUSY DM models 3

® |ike Higgsino and Wino at ~ 1.1 TeV and ~3 TeV respectively
® 4 |LSTs array would improve this sensitivity significantly

Einasto (Cuspy)
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Summary

® Our study with LST-1 could provide more stringent
constraints on DM line signals at higher energies, among the
current IACTs

® This study on systematics from modelling and analysis
methods could be used to define an energy dependent
sliding window for more robust limits

® Our aim is to probe SUSY models using LST-1 with more
exposure in the coming years

® Upcoming LST array would be crucial in better background
rejection and probing lower mass DM candidate like Higgsino
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