The Large-Sized Telescopes of CTAO
First Science results
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Multi-messenger
Astrophysics

Understanding the High-
energy Universe is most
effective using independent
channels

Gamma rays provide the
cleanest and most direct

iInformation

Anna Franckowiak — Ruhr University, Bochum (Germany)




VHE gamma-ray astrophysics
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VHE gamma-ray astronomy with IACTs

Detection of Cherenkov radiation produced by
gamma-ray induced EAS in the atmosphere
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Cherenkov Telescope Array Observatory (CTAO)

Roque de los Muchachos Observatory Paranal, Chile
La Palma, Spain
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Cherenkov Telescope Array Observatory (CTAO)

larger E-coverage: 20 GeV - 300 TeV 10

x10 better flux sensitivity

=> spectral studies, source discoveries

x5 better angular resolution

=> morphology studies, less confusion

Large field-of-view

=>4.3" LST, 7.5° MST, 10.5" for SST
2 sites to cover both hemispheres:
=> La Palma (Spain) and Paranal (Chile)
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Cherenkov Telescope Array Observatory (CTAO)

=>4.3" LST, 7.5° MST, 10.5" for SST
2 sites to cover both hemispheres:
=> La Palma (Spain) and Paranal (Chile)
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The CTAO/LST-1 prototype

- LST1 inaugurated in 2018.
Regular data taking since
January 2020

+ LST2-4: being build up,
operative in ~early 2026

LST-1 specs

*  Alt-Azimuth mount, with a
parabolic 23m mirror dish

« Camera:1855 PMTs, FoV ~ 4.3°
* Focal length: 28 m
- Eff. Area ~370 m2

Mirrors: JP

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

calibration:
IT, HR, IN, DE
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Large-Sized Telescope

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

Camera Access Tower: DE,ES

FlyWheels (2x300kW)
energy storage and UPS: JP

Adapted from D. Mazin, Canfranc (2025)
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LST Collaboration
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LST-1 performance

* “LST-1 performance paper”:
Abe et al. 2023

* Low Ein (down to ~20 GeV)

* Large eff. area at multi-GeV range
(~ 104 x Fermi-LAT @ ~ minutes
timescales)

* Angular resolution: 0°.12-0°.40
* E-resolution: 15%—50%

* Flux sensitivity: 1.1% Crab Nebula flux
at E > 250 GeV (50h obs)
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Stat. uncertainty (LST-1)
+1% background systematics test (LST-1)

Uncertainty from several
efficiency cuts (LST-1)
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MAGIC (Aleksi¢ et al. 2015)
Fermi-LAT (Arakawa et al. 2020)
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https://ui.adsabs.harvard.edu/abs/2023ApJ...956...80A/abstract

LST-1 Early Science
LST-1 observations of the Crab PSR

e LST-1 commissioning obs. (Sep. 2020 - Jan. 2023)
* Time after quality cuts: ~103h for Zd < 50deg

» Peak location does not change significantly with increasing energy (20 - 700 GeV)

* P1 width dropping until ~10 GeV, P2 width decrease > 2 GeV

 P1/P2 ratio declines up to 100 GeV, remains constant (P1/P2 ~0.5) at > 100 GeV

P1+ P2 detected at >150 in 100h
Similar to MAGIC Sumtrigger-11 but with only one telescope!
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https://ui.adsabs.harvard.edu/abs/2024A&A...690A.167A/abstract

LST-1 Early Science

LST-1 observations of the Geminga PSR

* Demonstrates LST-1 capabilities for PSR studies:

* P1 remains undetected, (2.60 hint => 200h for a 50 signal, 30h with the full LST array)

* No E-dependent evolution within [15 - 31] and [31, 65] GeV bands

Pl

* Observed with LST-1 on (Dec. 2022 - March 2023)
* Time after quality cuts: ~60h for Zd < 50deg
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https://arxiv.org/abs/2505.21632

LST-1 Early Science
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LST'1 Early SCience The BOAT GRB in Context

GRB 221009A

Recons tructed
Fermi data

GRB221009A: “The Boat" =

190114C

The brightest of all time (“The BOAT") GRB, 1 event every ~103 yrs 17

Peak energy flux* = 105 Crab Units (LHAASO 2023)
GRB prompt phase during strong moonlight conditions
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LST-1 Early Science
OP 313: the farthest AGN @ VHEs

Most distant quasar ever detected in VHE (z=0.9973) and
second most distant VHE source after GRB 201216C

Not detected in VHE before. Attempted by MAGIC (2014,
2019)

Strong attenuation by EBL in the VHE regime + intrinsic y-y
absorption

Extensive MWL campaign (radio, IR, optical, UV, y-ray)

First detection of VHE gamma-ray emission from FSRQ §%) 4000 7
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LST-1 Early Science

Transients follow-up

* LST-1 low Ew of few 10’s GeV is crucial for
transient sources (typically soft: 'z2)

» Fast repositioning (required for very fast
transient events, e.g. GRBs, GWSs...)

* Automatic follow-up (procedure already
implemented (“Transients Handler”

2
Delay of observations w.r.t. To
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Total

GRBs

GWs

Neutrinos

73 # total alerts

18 # observed alerts

48 # total alerts

16 # observed alerts

18 # total alerts

2 # observed alerts

7 # total alerts

0 # observed alerts

OOh observed
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N oow
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Adapted from D. Mazin, Canfranc (2025)
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LST-1 Early Science

Steady VHE y-ray sources

GC region
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LST array coming soon...
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orth Palma

Adapted from D. Mazin, Canfranc
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LST array coming soon...
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Adapted from D. Mazin, Canfranc
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