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Alpha Configuration
ORM, La Palma, Spain Paranal, Chile

4LSTs, 9MSTs 2 LSTs, 14 MSTs, 42 SSTs ç (PNRR)



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



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



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.



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

LST@25o Eth 20GeV
LST@45o Eth 40GeV

Fermi
SWIFT GRBs with z observation



FlyWheels (2x300kW) 
energy storage and UPS: JP

Camera electronics: JP, IT, ES, CH
Camera mechanics: ES
Camera safety: FR

Camera Support 
Structure: FR

Mirrors: JP
Interface plates: JP, DE, BR
Actuators: JP, CH, DE
CMOS CAM: JP

Drive and main 
el. cabinet: FR

Bogies: ES, DE

Telescope 
structure: DE, ES Rail: DE, ES

Foundation: ES

calibration: 
IT, HR, DE

Tension cables: IT

Large Size Telescope

Camera Access Tower: DE,ES



LST1 construction and 
Inauguration (Oct.2018)



Regular Observation 
started in 2020 January



LST1 Commissioning
>1400hrs taken Jan2020-June 2023



LST1 Mono Telescope Performance

Muon Ring Calibration Optical efficiency

Angular Resolution

Collection area

Energy resolution

Differential Sensitivity



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



Geminga Pulsar

P2: 7.9σ after 21 hours. Geminga has a very soft spectrum. The LST-1 result confirms 
an excellent performance in the 15-30GeV regime.
This LST result can be compared with MAGIC 6.3σ after 80hrs for P2.



Recurrent Symbiotic Nova 
RS Ophiuchi Outburst on 8 August 2021
by Y.Kobayashi et al., ICRC2023

q First detection of Nova with 
IACTs (HESS, MAGIC, and 
LST1) 

q Explosions, 1898, 1933, 1958, 
1985, 2006, 2021

q Mag 12.5 (low state) è Mag 
4.7 (~1000 times)

q Binary System with a White 
Dwarf and a Red Giant

q Thermonuclear reaction

Credit: David Hardy/PPARC

WD

Red Giant
q LST Observation is consistent with HESS, 

MAGIC results
q Observation indicates hadronic origin



Galactic Center
Large zenith Angle Observation
S.Abe et al, ICRC2023

q High-quality data of 39 hrs of G.C..
q LST1 demonstrated the effectiveness 

of the Large–Zenith-Angle observation.



BL Lac Big Flare on 9 August
S.Nozaki et al., ICRC2023

Fast variability of several minutes



LHAASO J2108+5157
The first paper from LST Consortium

q An unidentified source in the LHAASO Observation.
q Possible PeVatron, but the origin is not clear.
q The multi-wave observation with LST favors the leptonic 

inverse Compton Bump extending beyond 100TeV.
q But there is a possibility that escaping protons from middle-

aged SNR collide with molecular clouds.



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

LST2-4, MST3 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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LST2-4 Schedule: updated

Permission +Civil Works

LST2

LST3

LST4



LST4LST3LST2

LST4

LST3

LST2



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



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



Merger of giant black holes predicted 
Science 1 Feb 2022, Astro-ph 2201.11633 (N.Jiang et al)

SDSS J1430+2303
z = 0.081

Credit:: NASA

Tick … tick … boom?

Close supermassive black hole 
binaries with the separation below 
parsec??



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
ili
ty

LUX Xenon detector

Large Hadron Collider



MAGIC Observation
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



Summary

• LST1 achieves the designed 
performance. 

• LST2-4  are under construction and will 
be completed in 2026

• LSTs will play an essential role in the 
following decades in multi-messenger 
astronomy.



ORM in September 2023

Credit: Dominik 



Boys and Girls,
be Ambitious!

Credit: Dominik Elsaesser
Modified: Masahiro 

A bright future is waiting for you!
Dr. W.S. Clark


