
Masahiro Teshima
Institute for Cosmic Ray Research, The University of Tokyo, Japan

Max Planck Institute for Physics, Munich, Germany

VHE Gamma-Ray Astronomy and 
The CTA Project

La Palma, Spain

Paranal, Chile



History of VHE gamma-ray astronomy
Imaging Atmospheric Cherenkov Telescope

The observation of the first extragalactic source Mrk421
M. Punch et al., Nature 1991

q The first idea of IACT from Michel Hillas in 1985 at ICRC in San Diego, USA
q Dr. Trever Weeks demonstrated the power of IACT with the Whipple telescope. 

VHE gamma rays from the Crab Nebula is discovered in 1989 (1G)
q è HESS, MAGIC and VERITAS (2G)
q è CTA (3G)
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n Energy range  100GeV ~ 100TeV
n CR Rejection ~99.5%
n Angular Res. ~0.06 degrees
n Energy Res. ~15%
n Effective Area ~105m2
n Sensitivity ~0.6% Crab Flux 

(10-13 erg/cm2s)

# of Photons: 50photons/m2 at 1TeV
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Imaging Atmospheric Cherenkov 
Telescopes (IACTs)



Alpha Configuration is decided with 
the financial constraints

Roque de los Muchachos Observatory
La Palma, Spain Paranal, Chile



Canary Island, La Palma and ORM,
Observatory Roque de los Muchachos



May 2019, first images of cosmic rays

調整後

High Resolution Camera

Regular observation since 2020 Jan

In 2017 Dec



Science of CTA is very wide
SNRs, PWNe, AGNs, GRBs, Dark Matter

n Origin of Cosmic Rays (Big accelerators)
n Black Hole and S.M.B.H.
n Dark Matter Search

Super Nova Remnants

Active Galactic Nuclei

Binaries

Gamma Ray Bursts

Cosmic Ray Origin Dark Matter Search (Discovery)Super Massive 
Black Holes
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Extragalactic Sources

Galactic Sources

> 220 high energy sources are discovered.
CTA will observe more than 1000 sources.



Telescope Design

Telescope Types SST MST LST

Optics Schwarzschild-Couder Davies-Cotton Parabolic (Isochronous)

FoV and Camera 10.5 deg SiPM 7.5 deg  PMT 4.3 deg  PMT

Mirror Diameter 4.3m 11.5m 23m

Energy Range 3 TeV - 200 TeV 100GeV - 10TeV 20GeV – 2000GeV

Science Targets Galactic Sources

PeVatron (UHE CR)

Galactic Sources

Nearby AGNs (z<0.5)

Dark Matter

Transient Sources

AGNs(z<2), GRBs(z <4)

Dark Matter

SST x 37

MST x 23

LST x 4
x4

x7



10 times better sensitivity
Wide Energy coverage 20GeV~200TeV

GRBs

AGNs

100 hrs

n CTA array has a 10 times better sensitivity than HESS, MAGIC, and  VERITAS
n CTA covers wide energy range from 20GeV to 200TeV (4 orders of magnitude)

n LSTs will offer
n Distant AGNs up to z = 2 and GRBs up to z = 4 are observable with LSTs
n X10000 sensitivity for GRBs and AGN flares than Fermi
n The fast rotation (20 sec) offers the observation of GRBs even in prompt phase

GRBs
distant AGNs



Courtesy of T.Takahashi

CTA: Ultimate Instruments
for HE and VHE gammas



Simulated AGN Flares
Template: the 2006 flare of PKS2155-304
Low Threshold Energy è High Precision Light curve

q Light curve can be examined, a few minutes scale structure è a few 10s of seconds
q Particle acceleration mechanism, Cooling process
q Light curve vs. Energy dependence è Q.G. Energy scale > Planck Mass scale



GRBs: Newly Born Black Holes
Simulated light curve (template: GRB080916C)



Complementarity of different approaches
Direct, Indirect, and Collider Experiment

Xenon 1ton
(Underground exp.) CTA

(Gamma Rays)LHC
(Accelerator)

n Explore Dark Matter in the Galactic Center and 
Dwarf Sph. Galaxies

n CTA has the best sensitivity above 700GeV

Mass of DM

In
te
ra
ct
io
n 
pr
ob
ab
ilit
y

LUX Xenon detector

Large Hadron Collider



Dark Matter Search
Sensitive Mχ: 200GeV - 10TeV

Particle Physics Astrophysics

CTA gives the stringent upper limit.
Stefan Funk 2015

Gamma rays from Annihilation produce the bump 
around 1/10 -1/20 Mχ è 20GeV-1TeV gamma

Canonical-σ



MAGIC Highlight：
Search for the Gamma-Ray Line Spectrum from DM 
annihilation (T. Inada, PRL, 2023)

Cirelli et al. (2011)

mDM = 10 TeV

En. spectrum of Final State particles

MAGIC (Cusp)

MAGIC (Cored)

Wino: Sommerfeld enhancement

MAGIC Upper limit for Wino annihilationMAGIC Upper limit for Line gamma



Commissioning of LST1
scientific observations



Daniel Mazin CTA STAC meeting, February 23, 2023

LST collaboration
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•LST is a large part of CTA 
•World-wide effort 
•Costbook value: 15MEuro/tel. 
(incl. FTE)

numbers are growing



LST1 construction and 
Inauguration (Oct.2018)



LST1 commissioning
500hrs of Scientific Observation

Daniel Mazin CTA STAC meeting, February 23, 2023

LST1 Commissioning
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>920h taken since Jan 2020

from Ruben



Crab Nebula and Pulsar
Crab Nebula spectrum 

• 34.2 hours of data 

• Systematic errors: gray points 
correspond to the effect of +1% 
background 

• Consistent with MAGIC and Fermi-LAT
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Preliminary

Preliminary

Preliminary

Crab pulsar 

• Significant detection down to few tens of GeV 

• Data from Nov 2020 - Mar 2022 Index 1.83±0.02

3.96±0.12

1.97±0.02

3.16±0.06

Smooth broken power law fit

Transition between Fermi-
LAT and LST-1 is smooth

(change to backup slide when uploading to indico)

P1
P2



Detection of Nova RS Ophiuchi
• First detected recurrent nova in VHE gamma rays 

by 2021 outburst (H.E.S.S. and MAGIC) 

• LST-1 took part in the first VHE gamma-ray 

detection with >~6σ in each night 

• Consistent SEDs between LST-1, MAGIC, H.E.S.S.

6

Nice connection 
between LST-1 
and Fermi-LAT



BL Lac Flare observed with LST1 
by Dr. Seiya Nozaki

SED measured down to 20GeV

Intranight Variability

Big flare is observed in the night of 8 August 2022

5mins bin



Gamma Ray Horizon
20GeV Low Threshold Energy è z~4

LST@25o Eth 20GeV

LST@45o Eth 40GeV

Fermi



MAGIC Highlight, 
Gamma Ray Burst GRB190114C (z=0.42)

Historical achievement
q First Detection of the GRB from ground.
q ~100 Crab flux in the first minutes.
q TeV bump has a similar energetics 

with KeV-GeV bump



Multi Messenger Astronomy
IC170922A / TXS 0506+056 

Ice Cube Observation (~300TeV)

Fermi LAT
(>100 MeV)

MAGIC
(>100GeV)

Lepto-Hadronic Scenario

GTC Observation z = 0.3365
S. Paiano et. al 2018



CTA and LST Timeline
• 2016-2018 LST1 was constructed
• 2018-2021 LST1 in commissioning phase
• 2022-2024   LST2-4 will be constructed, and we need to take care operation and maintenance of LSTs

LST1 can be defined in Science-Engineering Phase after commissioning
• 2022             CTAO ERIC will be founded
• 2026-2027 The final Acceptance of LST1-LST4 and IKC process
• 2023-2025   LST5-8 construction?    

 Finance / CDR Construction of 4 LSTs ??? 

Operation as 4 LST Array

Observatory Operation

2029

2029

CTAO gGmbH (Heidelberg)

Alpha Config

Organization

2020

Deployment of LST2-4CDR

Construction of 9MSTs

2030

20302026 2027 2028

20282026 2027

2027 2028

CTAO ERIC (European Research Infrastructure Consortium)

INFRA

2025

Design and Finance

2025

2029

2030

MST North

2023 2024

Extension 2020 2021

2021 2022

Comissioning and Operation of LST1

2020 2021 2022 2023

LST North

2024

CTA South INFRA
Construction and Deplyment of 14 MSTs

Construction and Deployment of 37 SSTs

Array config, Finance
and CDR

2022 2023 2024 2025 2026

LST South Operation ???



D. Mazin, LST Project Manager LST Critical Design Review, Munich, Oct 15-17, 2019

Daniel Mazin CTA STAC meeting, February 23, 2023

LST2-4 status
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LST2 LST3
LST4



Multi-messenger and 
Multi-wavelength Astrophysics

ASTRO-PHYSICS
Gamma Ray Bursts, Black holes, 
Neutron Stars, Space and Time

PARTICLE PHYSICS
Dark Matter, Neutrino

Energy Frontier

Wave

AstroPhysics
Particle Physics

ASTRO-PARTICLE PHYSICS
Cosmic Ray Physics

High Energy Astrophysics



Summary
• CTA is an extensive and ambitious project
• LSTs will play an essential role in Multi-Messenger 
astronomy in the following decades.

• LST2-4 construction started in the winter of 2022
• CTA South (SSTs, MSTs, and LST5-6) construction 
will begin in 2024

• CTA and current IACT will study
• Cosmic Ray Origin, SNRs, PWNe, AGNs, and GRBs
• Evolution of Black Holes and Extreme environment 
around Black Holes and neutron stars

• Explore the Dark Matter in the Galactic Center and halo.



Thank you very much





D. Mazin, LST Project Manager LST Critical Design Review, Munich, Oct 15-17, 2019

CTA North Phase I  Installation Plan
LST1-4 location
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El presente contrato está financiado con cargo al proyecto de "Los cuatro Large Size Telescopes (LST) del CTA-Norte en el ORM”
de referencia ESFRI-2017-IAC-12 del Ministerio de Ciencia, Innovación y Universidades, co-financiado en un 85% con fondos
Europeos de Desarrollo Regional (FEDER) del Programa Operativo de Crecimiento Inteligente 2014-2020. El mencionado proyecto
está co-financiado por el Gobierno de Canarias, a través de la Consejería de Economía, Industria, Comercio y Conocimiento.
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https://www.dropbox.com/s/nwgq6mst06hawgb/%E3%82%B9%E3%82%AF%E3%83%AA%E3%8
3%BC%E3%83%B3%E3%82%B7%E3%83%A7%E3%83%83%E3%83%88%202021-08-

04%2021.51.18.png?dl=0

AGN observation with LST1 
during 2020-2021Q1

34

Z=0.031（430 Mly）

Z=0.034(460 Mly）

New source Z 〜0.45 (4.7 Gly)

Z=0.5 (5.1 Gly）

q Nearby AGNs,  Mrk501, Mrk421, 1ES 1959+650, BL Lac
q Distant AGNs,  1ES0647+250, PG1553+113

Z=0.048 (650 Mly）

BL Lac

Z=0.069 (940Mly)





CTA LSTs will observe High 
Redshift GRBs

LST@25o Eth 20GeV

LST@45o Eth 40GeV

Fermi

CTA LST will observe GRBs and AGNs 
during the structure formation period 
of the Universe

LSTs
MAGIC



LST Camera(1855ch High QE PMTs 
and ultra-fast readout) at MIRCA

2.
6m


