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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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Atmospheric Cherenkov Imaging Technique
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Interaction in atmosphere
generates an Air Shower
(et+, e-)

Cherenkov
Radiation

Energy < total signal

(Calorimeter)

Friday, May 30, 2014

ZERAAT CTwE
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Interaction in atmosphere
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B AFRDHEE

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

Cherenkov
Radiation

Energy < total signal

(Calorimeter)

Friday, May 30, 2014
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Atmospheric showers and Cherenkov radiation
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VHE gamma-ray sources (>100 GeV
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Pulsars: Crab®

MAGIC, 2016, A&A, 585, A33
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* MAGIC dataset: 320 h

* Discovered pulsed em
spectrum extending u

e Spectra of both peaks
power- laws far beyon
cutoffs:

* P] detected up tc

(r=3.5+0.1)

* P2 detected up TCQ

(r=3.0 £0.1)

CTA Japan Meeting, 2017 Dec 18/19, 2017, Kashiwa-no-ha
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HESS Deep Observation of 250hrs

Spectrum:
Parent proton could be 1PeV =» PeVATRON?

Radial distribution 1/r:
Consistent with the diffusion from the central BH
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Active Galaxies

Active Galactic Nuclei (AGN)

1 L1
Quasar/Seyfert 1 High-luminosity extragalactic

lewing at an angle to the jet

objects
> Probe properties of the
¢ FRadio Galaxy/Seyfert 2” universe at large distances
iewing at 90° from the jet . H|gh|y variable |
Black Holg \\ / F - . Jets powered by accretion on to

| | /
Accretion D_ly

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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Extremely variable on all time scales

Relativistic jets with large Lorentz factors

>1000 Fermi blazars, 60 in TeV regime
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GRB 080916C
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Gamma-ray bursts £ 1000 ' S I SO SR . %
(GRBs) are highly Time since wioger () & 1000 3
energetic explosions of :
signaling the death of - "
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galaxies. P ook I R oY P R P
& : | Time since trigger (s ] §
In September 2008, | ; | i
Fermi observed the  Lar B ST '
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largest apparent energy ¢ : Tmesincetigaer(®) 1 a0 §
release yet measured. of o ‘ 4o
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GRB 190114CE
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102 — PRELIMINARY - MAGIC (stat only) Berta et al. 2010 (Herschel/PEP) Bethermin et al. 2010 (SPITZER)
— Systematic Uncenainty Cambrésy et al. 2001 (DIRBE/2MASS) Dube 1979/Leinert 1998 UL
- Dwek & Arendt 1998 (DIRBE) Elbaz et al. 2002 (ISO)
[ Fazio et al. 2004 (SPITZER) Finkbeiner et al. 2000 (DIRBE)
B Frayer et al. 2006 (SPITZER) Gardner et al. 2000 (STIS)
— Gorjian et al. 2000 (DIRBE) Hauser et al. 1998 (DIRBE/FIRAS)
Keenan et al. 2010 Lagache et al. 2000 (DIRBE)
1 0 Levenson & Wright 2008 (SPITZER) Madau & Pozzetti 2000 (HST)

s 8

sl

Mattila et al. 2017

Matsuoka et al. 2011 (Pioneer 10/11)
Metcalfe et al. 2003 (I1SO)

Penin et al. 2012

Voyer et al. 2011

Xu et al. 2005 (GALEX)

Abramowski et al. 2013 (H.E.S.S.)

Dominguez+ 2011

Matsumoto et al. 2015 (IRTS)
Matsuura et al. 2010 (AKARI)
Papovich et al. 2004 (SPITZER)
Schlegel et al. 2000

Wright & Reese 2001 (DIRBE)

Zemcov et al. 2014

I Ackermanns+'12 (Fermi, w.rt. D11)

107" 1 10 10°

Compared to other gamma-based EBL scale measurements

Good agreement with HESS and Fermi-LAT measurements

Not much more EBL than the one from the
resolved galaxies
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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/lightrati & [ g s
et e “’ 23l | o
WIMP annihilation = v, v etc. : 107 e :
Galactic Halo- = - e =
=) Y 1 B T 1
ey . Lo
o Galactic _ o ] | .
p Satellites § 102 £ | _ /E
o)) - | | | - -
- [ e =] \ N
V, vV + Extragalactic 1020 = /! / E
e Sources - \ /\ /| -
y continuum . 1027 b~ ’
I . d E SN i Burkert (cored) E
N Cored Zhao v
/4 Ines 10728 - — EFW (ClESP‘r'] : —
= - Einasto (cuspy 3
Search for excess = - Wino prediction (<ov>,, + 1/2 <ov>, ) -
Point back to source components 29 B [__] Thermal winoDM (2.7-3.0TeV) ]
in Cnsmic rays .10 §_I | | | 1 1 1 L1 1 | I_§
(Diffusion) Simulated y-rz | 10 102
(PAMELA AMS,GAPS) Tayl My [TEV]

Complementary approach to direct detection & LHC
Goal is to do DM astronomy !
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4 x23mtel. (LST)
- Parabollc reflector
- FOV: 4-5 degrees

- energy threshold

of some 10 GeV

* ‘inthe 100 GeV-10 Tev . for Sch
domain "

Low-energy sectlonﬁ_;" op S (one) possible ConfigufaTIOn

.~ Southern 100 M€ Array (2006 costs)

org-energy array:

23 £ 12 m tel. (MST)

avies-Cotton reﬂed:or . High-energy section:

- 7.5 degrees - 8 _*«30 -70 X 4-6 m tel. (SST)

#Crab sensitivity tton reflector

ROV - ~10 degrees
10 km? area at

Core array expansion . i TeV energies
with dual-mirror

telescopes




CTA: Array Layouts

ki
Paranal, Chile

4 LSTs, 25 MSTs, 70 SSTs
4 LS4 LSTs, 15 MSTs
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- Northern Hemisphere - Tyoes Southern Hemlsphere ] -
]
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I 12-mMST o . - ¢ 12-MMST @
L/ "\ /A (MAGIC) © . . é . . 4-MSST =
4 N y ° N\ /(“";
/ S = R 4 MsT9 ~ = . L B 3 =
MST 4 L} ]
y: ° ® ® o © 0]
\ MST5 L] ™ s a ] .
\_ Lgs [ ® @ © © a
° ® o o
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CTA: Analysis Techniques

ICRR,

Institute for Cosmic Ray Besearch
University of Tokyo

I_Monte Carlo Simulation

CTA event analysis and display v.4.00

file print options
ne;ql start autn runl goto event | 577308 é"ml in one

=l |charge =] Qumplgl

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

Lt
e

ER -

hs? EICERAE

BT

artly [TeV]: 11,2007
€, 636.26 C,: 41657,

infio | F.-‘-".DC| calibratinnl histos | analysis | options  shower I

Run/Event; 3218/577308

ITb“’ELif?a

Vuillaume+ 2021

MC: E=11.26;Z8=20)
Nim:-10 {iD0} 19 22
782200, Az=90 1, X

| reading file AustreifsSigroupletaiusersimaietgf CTASRRaly sisfanalysis Datasc ta-ultra3rEfgarnma,_t | oy at event 577308

Maier & Holder 2017

cta

ﬁ? Gammalearn : y-PhysNet

« Asingle network
* Full-event reconstruction from LST1 data

— Gamma/proton discrimination Clobal = Energy
. . ~ OoDba
— Direction and energy reconstruction 000l
Impact
« Hard parameter sharing
* Input: Image charge + temporal info ? flatten
- Convolution block: . . g Flrestion
onvolution
— ResNet-56 backbone block

— Full pre-activation

Indexed Convolutions Multi-task block

DOI  10.5281/zenodo.4419866

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




CTA: Flux Sensitivities /(KK ).

University of Tokyo

Flux Sensitivities
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CTA: Large-Sized Telescopes ([CRR )

_Larg_e_ ,Si_ze TeIes_cope_s .Of_ CTA_: LST collaboration:
| | 11 countries
223 members

(134 receiving emails)
73 FTEs

T

T. Yoshikoshi, ICRR, University of Tokyo — Very High Energy Gamma-Ray Astronomy — Spring School 2024



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

Focal Plane Instr. ¢ : :
Electronics (JP/IT/ES B 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 P)i{'. |

Structure (DE)
Access Tower (DE/ES)

v
»

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

% 5% AF 4
A

v 5 »- W
o W™ H %_
“~r T L

D. Mazin, LST Project Manager 40



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

&3
e
s

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



cherenkov
telescope
array

Camera

plutense

S| AT W wll M

FPI module

265 modules/ Tel.
needed.

270 modules are

Now ready

PN s ( = —rw to ship
~ A /A% L N to IFAE

Network switch and TIB Came égerver

Modue asembly (now TIBv4 available!) P

D. Mazin, LST Project Manager
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Backplanes of the camera installed
Camera Installation On the telescope




lllllllll
-------

Lol
LTITTTTT A

|| =i

|

First LST

|_

S

N
-

\“ "!’/""
Y
/]
S ]

— s

m‘VA .
T/
|

i

{
d

v

/N
X
‘)
)

ARSA X

T
—

A
AR

L ——— . ——

T N
el d

v |

L 4

APL
oL
X

)

N
>
4

N\ X

1

78

P

A
T e N

PN

ORI
= 0! ‘\' N

|/
NN

A

'/ Y« AVATE
S0 |

7.
e -

\

SRR AL/ XS

2

a
L ,
. 4 e kg
/ .A
/ :
( g
: S

-  me, v




Institute for Cosmic Ray Besearch

University of Tokyo

ion of LST

Fast Rotat
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CTALLT A~ 5%D ICRR))).

North: La Palma (Spain)

2024F2HKFR
LST-3
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