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Imaging Atmospheric
Cherenkov Telescopes

Air shower
Arrays

Space-based
pair production
telescopes

0.1-100 GeV
Small area
Background-free
Large field of view
High duty cycle

50 GeV —-100TeV
Large area
Excellent bg rejection
Small field of view
Low duty cycle

100 GeV —100 TeV
Large area

Good bg rejection
Large field of view
Large duty cycle
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University of Tokyo

Atmospheric Cherenkov Imaging Technique

primary y
Interaction in atmosphere
generates an Air Shower
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Interaction in atmosphere
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Interaction in atmosphere
generates an Air Shower
(et+, e-)

Cherenkov
Radiation

Energy < total signal

(Calorimeter)

Friday, May 30, 2014
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Interaction in atmosphere
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Interaction in atmosphere
generates an Air Shower
(et , e-)

Cherenkov
Radiation

Energy < total signal

(Calorimeter)

Friday, May 30, 2014
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Galactic Extragalactic
Targetg = | |

cosmology space and time

Fundamental
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Active Galaxies

Active Galactic Nuclei (AGN)

High-luminosity extragalactic
objects

> Probe properties of the
universe at large distances

‘Quasar/Seyfert 1”

lewing at an angle to the jet

¥ I‘Radio Galaxy/Seyfert 2"

\ iewing at 90° from the jet . H|gh|y variable |
Black Holg N ll F - - Jets powered by accretion on to
Accretion D-'y supermassive BH
So far, AGN are generally:
Blazars
Torus of > Jets aligned with line of sight
Neutral Gas
and Dust But also radio galaxies (e.g M87)
RadioJet > Jet viewed from the side

Image: Aurore Simonnet, Sonoma State University
lllustration: Robert Naeye, NASA GSFC
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Relativistic jets with large Lorentz factors
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GRB 080916C
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Search for Cold Dark Matter

MAGIC U.L. (2023)

Target regions with:

Hypothesis: DM = WIMPs . Favorable DM distrib finne Line Search from G.C.
- Indirect detection of . Large mass/light rati @ - N E o
cer « 23 | )
WIMP annihilation = v, v etc. _ EW05E e 5
Galactic Halo- = = e =
) - s e |
Yoy . B
_ Galactic _ 0 i .
p Satellites § 102 - | - “‘:
o - | -
- .~/ i
V.V + Extragalactic 102 = =l =
e Sources 2 .
v continuum _ 1027 b~ i
I . d E SN Burkert (cored) |
N Cored Zhao Y,
/4 Ines 10728 - == NFW (cuspy) —
- —— Einasto (cuspy) E
Search for excess u - Wino prediction (<ov>,, + 1/2 <cv>;, ) -
Point back to source components 09 i [ ] Thermal wino DM (2.7 - 3.0 TeV) 7
in CDSmiC rays 10 g_ | | | 1 | 1 1 1 1 | 1 1 | l | 1 _§

(Diffusion) Simulated y-ra | 10 102
(PAMELA,AMS,GAPS) Tayl My [TeV]

Complementary approach to direct detection & LHC
Goal is to do DM astronomy !
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Next Big Step:
Cherenkov Telescope Array
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CTAO: Array Layouts
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CTAO: Analysis Techniques

ICRR,

Institute for Cosmic Ray Besearch
Unav

ersity of Tokyo

Monte Carlo Simulation

file  print options
nextl start auto runI goto event: | 577308 i".ﬂull in one

=l | charge

Run: 3218 Event: 577308 Type: 0 (0}
local trigger: 19 22 27 28 30 55 56 57 58 59

e
L

v = e m e
= S A

artly [TeV]: 11.20077
C,:-636.26 C,: 4163857,

=] ump| gt

infa | FADCl u:alibratinnl histos | analysis | options shower I
— , , I T 73 \‘/ BH==— 7!-
RuivEvent; 3218/577358 : : 183 —— |
" ~ “ 1 ‘ 34 & —
F IL.I\

B"REERE"ER

oo
S <
=)
\)

Vuillaume+ 2021

MC: E=11,20; Za=2
Nig:-10 {IDD} 18 22

Fe=20.0, Az=20.1, X

")7 Gammalearn : y-PhysNet

cta

« Asingle network
* Full-event reconstruction from LST1 data

— Gamma/proton discrimination
— Direction and energy reconstruction

| reading file AustreffsSigroupletaiuser simaierg! CTAMNalysis Analysis Dataicta-ultra3/Egamma_t | now at event 577305

Maier & Holder 2017

« Hard parameter sharing
« Input: Image charge + temporal info T
« Convolution block:

— ResNet-56 backbone

— Full pre-activation

— Indexed Convolutions

Convolution
block

DOI  10.5281/zenodo.4419866

T. Yoshikoshi, ICRR, University of Tokyo — Very Hig

m Energy

flatten

Multi-task block

Impact

Direction




CTAO: Flux Sensitivities (CRK ).

University of Tokyo

Flux Sensitivities
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CTAQO: Large-Sized Telescopes ICRRK,))).

University of Tokyo

LST collaboration:
11 countries
223 members
(134 receiving emails)
73 FTEs

T. Yoshikoshi, ICRR, University of Tokyo — Very High Energy Gamma-Ray Astronomy — Spring School 2026



LST Project : Big International Effort
BR(Brazil), CH(Switzerland), DE(Germany), ES(Spain), FR(France),

Focal Plane Instr. e - :
Electronics (JP/IT/ES -y IN(India), IT(Italy), HR(Croatia), JP(Japan), SE(Sweden)

Camera body (ES)

Camera Supporting
Structure (FR/IT) ’ Mirror (JP)

terface Plate(DE/BR/JP)
Actuator (JP/CH)
CMOS-Cam (JP)

Star Guider (SE)
Calibration Box (IN/IT)

Flywheel, UPS (JP) =
Computers, network (J Pli{'.

Structure (DE)
Access Tower (DE/ES)

iy
Rl

o e e )a)

Drive (DE/FR/ES)
Bogie (DE/ES/IT)
Rail (DE/ES)
Foundation (ES)

RN TN LE SR Y S
< el "%
“~ T L

D. Mazin, LST Project Manager 34



cherenkov
telescope
array

Mirrors
ICRR, Japan

(a

Developed last 6 years
m Light weight 45kg

ICRR, U.Tokyo

B Tolerance <10um
m Reflectivity >92%
m Aging ~1% /yr

Before 2016 : 100 Mirror proto.
2016 : LST1-LST2 Mirrors (400)
2017 : LST3-LST4 Mirrors (500)
produced and in production

Shipping schedule

2017 Aug : LST1-2 Mirrors (400 units) @La Palma
2017 Oct: LST3 (200 units) are shipped
2017 Dec : LST4-5 Mirrors (300 units)

D. Mazin, LST Project Manager



cherenkm.r
telescope
array

I tex (g

FPI module

- - - -
........

- - - oS re
- -
‘.0..:0..0....‘-
- - -~

-5 % - -
i e /W o %S w e 4
s =S = - - -
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265 modules/ Tel.
needed.

270 modules are
assembled @ IAC

Now ready
to ship
to IFAE

/;:.'. bt S / / b | y
Network switch and TIB ‘
(now TIBv4 available!)

~ ~ Module assembly
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ICRR,

Institute for Cosmic Ray Besearch

I o n 0 University of Tokyo

Fast Rotat

T. Yoshikoshi, ICRR, University of Tokyo — Very High Energy Gamma-Ray Astronomy — Spring School 2026



CTAOILH A : 5150

North: La Palma (Spain)

T. Yoshikoshi, ICRR, University of Tokyo — Very High Energy Gamma-Ray Astronomy — Spring School 2026
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