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CTAO-JAPAN 
~120 members 
35 institutes

• More than     
1500 members 

• > 150 institutes 
• 25 countries

The Cherenkov Telescope Array 
Observatory (CTAO) Consortium
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MAGIC telescopes
Credit: Gabriel Pérez Díaz, IAC LST

Northern site: La Palma, Spain (4 LSTs, 9 MSTs)

• Construct “alpha configuration” at first 
• Expand the array next

CTAO array configuration

Southern site: Paranal, Chile (2 LSTs, 14 MSTs, 42 SSTs)

MST

SST
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• New gamma-ray observatory under construction 
• Compared to current telescopes, 
   - 10 times better sensitivity  
   - 10 times wider energy range: 20 GeV – 300 TeV 
• We started LST-1 operation from 2018.

CTAO telescope

> ~104 times larger 
collection area than satellite

Energy
[TeV]

FoV
[deg]

Diameter
[m]

LST 0.02 - 3 4.5 23
MST 0.08 - 50 7.5 11.5
SST 1 - 300 10.5 4.3

Telescope design

Sensitivity

10 times 
better sensitivity 
 



EBL,
IGMF,
ALP search

CTAO science
• Origin of cosmic rays 
• Black hole and neutron star 
• Dark matter search and 

fundamental physics

Galactic plane survey PeVatron

High energy source population study

GRB AGN Dark matter search

Large 
Magellanic 

Cloud

Current: > 300
CTA: > 1000



CTAO-north construction

LST-1 LST-4
LST-2

LST-3MAGIC-1
MAGIC-2

LST2-4 camera and 
mirror installation: 
2024.12 - 2025.11

August 2024
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Camera 
1855 PMTs 
FoV ~ 4.3°

Mirror

23 m Focal length 
28 m

• 23 m diameter: over 400 m2 
mirror area  

• Targeting an energy threshold 
~20 GeV  

• Stereo observations at lowest 
energy ever observed from 
ground   

• Ability to reposition to any point 
in the sky within 20 seconds 

• Ideal for fast transients and     
soft sources  

AGN flare, GRB, pulsars, …

CTA large-sized telescope (LST)

More than 
2200 hours



LST-1 performance
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Flux Sensitivity                                
(zenith angle < 35 deg, 50 hours) 

• Energy range widened to lower 
energy compared to MAGIC 

Angular resolution

Astrophysical Journal 956, 80 (2023)

Effective area

Energy resolution & bias



LST-1 performance
Crab Nebula spectrum 

• 34.2 hours of data with zenith < 35° 

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

• Compatible with MAGIC and Fermi-LAT 
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LST + MAGIC joint observation 

• Allow detection of 30% 
(40%) lower fluxes than 
MAGIC alone (LST-1 alone)  

• Current best sensitivity at 
tens of GeV in northern IACT 

E [TeV]

A&A 680, A66 (2023)

Better  
sensitivityCrab Nebula

LST-1+MAGIC

Crab Nebula
LST-1



Crab pulsar
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Pulsars: highly magnetized neutron stars in rapid rotation 

• Gamma-ray classical models: MeV-GeV emission is due to synchro-
curvature radiation (cutoff at a few GeV) 

• There is a possibility of Inverse Compton at higher energies

TeV gamma-ray pulsars observed so far



Crab pulsar
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LST-1 observation (103 hours, Zd < 50 deg) 

• Clear detection down to ~20 GeV

A&A, 690, A167

Peak morphology 

• P1/P2 ratio declines up to 100 GeV	  

• Constant (~ 0.5) at > 100 GeV  

Light curve 

• No hint of variability

Energy [TeV]



Crab pulsar
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• Smooth transition between Fermi-LAT 
and LST-1 -> single e- population 

• SED follows Power Laws until 450 GeV in 
P1 and 700 GeV in P2 -> IC scattering? 

• P1 SED steeper than P2 -> anisotropy of 
pulsar wind? 

• Lack of statistics to identify cutoff for 
bridge emission

A&A, 690, A167

Γ = 3.44 ± 0.15
Γ = 1.562 ± 0.015
(ExpCutPWL)

Γ = 3.03 ± 0.09

Γ = 3.5 ± 0.4

Γ = 1.58 ± 0.03
(ExpCutPWL)

Γ = 1.42 ± 0.05



Geminga Pulsar
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• Pulsar with steep VHE spectrum detected by LST-1 

• Peak morphology and spectrum study is ongoing.



Detection of Nova RS Ophiuchi

• recurrent symbiotic nova, d~2.69 kpc 

• First detected recurrent nova in VHE gamma rays 
by 2021 outburst (H.E.S.S. and MAGIC)
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Novae established as new source
class at VHE gamma rays

• Spectra in each day shows                          
Power Law index -4.2 ± 0.3 ~ -3.5 ± 0.15    
LST-1 reaches lower energy than MAGIC. 

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

• LST-1 took part in the first VHE gamma-
ray detection with >~6σ in each night

Γ = -4.2 ± 0.3

Γ = -3.65 ± 0.13

Γ = -3.50 ± 0.15



Nova RS Ophiuchi modeling
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Nova RS Ophiuchi
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• Hadronic scenario is favored.

Preliminary



Large-zenith angle observation for 
Galactic Center
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Galactic Center
• 39-hour data in 2021/2022 

after selection 

• Analysis is carried out 
through a dedicated 
special background 
modeling. 

• Successful extended-
source observations 

• Sgr A*, SNR G0.9+0.1, 
Ridge diffuse component 
spatial/spectral 
distributions are generally 
aligned with previous 
studies
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2.8σ hint of cutoff



Brown et al., PoS (ICRC2021) 887 

AGN population study
• AGN constitute the most populous class of sources in the extragalactic 

very-high-energy (VHE; E > 100 GeV) sky.  

• Detecting more VHE AGN at different energies and distances is crucial for 
a better understanding of their emission mechanisms.

19



AGN zoo
• Using LST-1 commissioning data in 2020-2022, we analyzed spectral 

variability of bright AGN: Mrk 421, Mrk 501, 1ES 1959+650, etc.
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• Applied Bayesian block and the blocks 
were merged by checking spectrum 
parameters vary < 3σ 

• Fermi-LAT spectra simultaneous to LST-1 
observations show good agreement 
between both results 

• LST-1 is highly sensitive to gamma-ray 
sources with time variation above 25 GeV 
for low-Zd observation

Mrk 421

Exceptional performance of  
AGN detection with LST-1

Measured gamma-ray peak without gaps
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Mrk 421 flare light curve  
• Flare on 2022-05-18 (0.91 hours data) 
• ~3x brighter than Crab at > 100 GeV 
• Doubling time scale: ~ 10 min.

δ: Doppler factor 
z: redshift of the source

• Assuming δ = 10-50, using       
tvar ~ 10 min., z = 0.031,  

R < ~0.2-1 x 1015 cm

Emission region size

Hint of shorter
timescale peaks 
-> LST2-4 reveal
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AGN zoo



BL Lacertae
• Intermediate frequency peaked BL Lac at z = 0.069 

• Flare in 2021 July and August was detected. 

• Energy spectrum down to ~30 GeV 

• Intra-night variability with sub-hour-scale was 
detected up to 3-4 Crab unit. 

• MWL spectrum study is ongoing. 

• QG and Relativity tests are ongoing.
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~5min binSmooth connection 
to Fermi-LAT 

(9.8 hours)



Discovery of AGN OP 313 at VHE gamma-rays
• Flat Spectrum Radio Quasar (FSRQ), 

Redshift: z = 0.997 

• Detected Dec. 2023 flare (ATel #16381) 

• Most distant AGN with ground-based 
VHE observation 

• This shows excellent performance of 
LST-1 for distant sources. 

• Study of spectrum and EBL is ongoing.

23

Fermi-LAT

LST-1



GRB221009A (BOAT)
• Extremely bright GRB (Brightest Of All Time) 
• Redshift z = 0.151 (724 Mpc)
• 𝐸γ, iso ≈ 1.0 × 1055 erg
• Once-in-a-10,000-year event
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TeV observation





GRB221009A (BOAT)
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• LST-1 observation: 

Start 1.3d after the burst 

• Moon (T0 + 1.3d and 3d, ~3 hours) 

~4σ hint of signal 

• Dark (T0 + 6d - 19d, ~10 hours) 

No detection

• Tested structured jet models 

• Disfavor the model by Zheng+24 

• Models by Zhang+23 and Ren+24 
reproduce well LST-1 observation 

• Ren+24: Latetime TeV emission from 
inner jet dominates
• Zhang+23: Latetime TeV emission from 
outer jet dominates



Summary
• CTAO is new gamma-ray observatory being constructed. 

• LST-north construction is ongoing and LST-1 is operating, with a tens of 
GeV energy threshold and a fast follow-up capability of 20 sec. 

• Geminga pulsar: significant detection of soft spectrum source 

• Nova RS Ophiuchi: LST-1 took part in the first VHE gamma-ray detection 
with >~6σ in each night 

• Galactic center: successful extended-source observation 

• AGN zoo: highly sensitive to gamma-ray sources with time variation 

• Blazar BL Lacertae: Flux variability with sub-hour-scale is observed. 

• Observed FSRQ OP 313 (most distant AGN for ground VHE observation) 

• Observing GRB following burst alerts
27


