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cta = Alpha Configuration of CTA

Roque de los Muchachos Observatory Paranal. Chile
La Palma, Spain ’
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cta == Telescope Design

SST x 37

e e\
——

Optics Schwarzschild-Couder Davies-Cotton
FoV and Camera 10.5deg SiPM 7.5 deg PMT
Mirror Diameter 4.3m 11.5m
Energy Range 3 TeV - 200 TeV 100GeV - 10TeV
Science Targets Galactic Sources Galactic Sources
PeVatron (UHE CR) Nearby AGNs (z<0.5)

Dark Matter

Parabolic (Isochronous)
4.3 deg PMT
23m
20GeV - 2000GeV

Transient Sources
AGNs(z<2), GRBs(z <4)
Dark Matter



Science of CTA is very wide
CTA-LST will cover S.M.B.H., Dark Matter, AGNs, GRBs

111111

Cosmic RW Super Massive ry)
Black Holes
B Origin of Cosmic Rays (Big accelerators) Extragalactic Sources

m Black Hole and S.M.B.H.
B Dark Matter Search

Super Nova Remnants Binaries

CTA will observe more than 1000 sources.
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array
LST statistics
Scientists +
Members Students
Bulgaria 2 2
Brazil 3 2
Spain 92 61
France 42 21
Croatia 9 9
Czechia 19 19
Germany 49 42

Switzerland
Italy

Japan
Poland

Total

22
129
87
5

459

19
103

CANADA
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== LSTT was inaugurated in
— 0ct.2018




Mirrors: JP

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

YY\/\,/\/\/\/\«\
///\//\/\/\/\ \.x

calibration:
IT, HR, IN, DE

Telescope
structure: DE, ES

!Bogies: ES;DE

Foundation: ES

Large Size Telescope

Tension cables: IT

Rail: DE, ES

Camera Support
Structure: FR

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

“Camera safety: FR

Camera Access Tower: DE,ES

FlyWheels (2x300kW)
energy storage and UPS:




Completed in 2025

May 2024 Operation in 2026

LST4

March 2025

LST2

‘November 2025




e Schedule for the LST2-4 tructi
C a telescope c e u e Or e - cons ruc lon
~ _We will have the
Now
2024 2025 2026

3rd Quarter  |4th Quarter | 1stQuarter |2nd Quarter |3rd Quarter |4th Quarter |1stQuarter |2nd Quarter |3rd Quarter |4th Quarter |1stQuarter |2nd (

Jul lAuq | Sep | Oct |Novl Dec| Jan | Feb l Mar | Apr l Mayl Jun | Jul [Auql Sep| Oct |Novl Dec| Jan |Feb l Mar| Apr l May| Jun | Jul lAuq | Sep| Oct | Novl Dec| Jan |Feb| Mar | Apr l
All permits granted 0 days Tue 18/10/22 Tue 18/10/22
Civil works start 0 days Mon 24/10/22 Mon 24/10/22
Civil works finish 0 days Wed 31/01/24 Wed 31/01/24 [)‘ 31/01
LST4 construction starts 0 days Mon 11/09/23 Mon 11/09/23 P 11/vy ]
LST4 dish and structure united 0 days Fri03/05/24  Fri03/05/24 IV /04 Dish css LST 4
LST4 €SS installed Odays  Fri30/08/24  Fri30/08/24 3¢ 30/0 M irrors
LST4 mirrors installed 0 days Tue 17/12/24 Tue 17/12/24 o T2
LST4 camera installed 0 days Fri 28/02/25  Fri 28/02/25 ) 28/02 Camera
LST4 construction completed 0 days Tue 25/03/25 Tue 25/03/25 @ 25/03 Comple -
LST4 ready for acceptance 0 days Tue 28/10/25 Tue 28/10/25 ¢ 28/10
LST3 construction starts 0 days Mon 09/10/23 Mon 09/10/23 M VIV
LST3 dish and structure united 0 days Fri05/07/24  Fri05/07/24 2@ 05/07 |_ ST3
LST3 CSS installed 0 days Fri11/10/24  Fri 11/10/24 O 11/10
LST3 mirrors installed 0 days Fri09/05/25  Fri 09/05/25 ¢ 09/05
LST3 camera installed 0 days Wed 30/07/25 Wed 30/07/25 2 30/07
LST3 construction completed 0 days Fri22/08/25  Fri 22/08/25 o 22/08 Comp|eted
LST3 ready for acceptance 0 days Fri27/03/26  Fri 27/03/26 ¢ 27
LST2 construction starts 0 days Mon 06/11/23 Mon 06/11/23 »P Yo/ 11
LST2 dish and structure united Odays  Fri02/08/24  Fri02/08/24 02/08 LST2
LST2 CSS installed 0 days Fri 18/04/25  Fri 18/04/25 18/04
LST2 mirrors installed 0 days Fri15/08/25  Fri 15/08/25 4 15/08
LST2 camera installed 0 days Wed 05/11/25 Wed 05/11/25 ¢ 05/11
LST2 construction completed 0 days Fri28/11/25  Fri 28/11/25 2 2 Com pI eted
LST2 ready for acceptance 0 days Fri03/07/26  Fri 03/07/26 ‘




cta

- Performance of the CTAO

telescope
array

e LSTs dominate CTAO sensitivity
below 150 GeV

e |deal for fast transients and soft

sources

Differential Flux Sensitivity E2dN/dE (erg cm2 s™)

— F =25 GeV
==ums E =40 GeV
o E=75 GeV
== E =100 GeV
=1 E =250 GeV

CTAO Northern Array (Alpha)

102 10° 10*

www cta-observatory.org/science/cta-performance/ (prod5-v0.1)

E? x Flux Sensitivity (erg cm? s

North Array

CTAO Requirement

LST Energy Range

LSTs Dominate
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Reconstructed Gamma-ray Energy ER (TeV)

https:/fwww.cta-observatory.org/science/cta-performance (prod5, v0.1)
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CTA: Ultimate Instruments
for HE and VHE gammas
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—— Gamma Ray Horizon
ca wecre  Access the deep Universe with LSTs

Absorption in (infrared)
extragalactic background light (EBL)
v(TeV) + y(EBL) — e*e

Attenuation (exp[-7))

0.001

100

E,(TeV)
= =

Physics of compact objects, Measurement of EBL Time since Big Bang [Gyr]
acceleration/absorption in jets, ... (— Cosmology ) 13 9 6 5 4 3 2
Ic T T T T T T
Frequency v [GHz]| L — : 1 .

10° 10° 10* 10° 107 10’ v Try | Y This work Fermi
10-«5 , . . . 1 3 1L § Blazars (HEP) ]
] - ‘ ----- Finke et al. 2010 Model C (29) 1
107kE _: = | Dominguez et al. 2011 (37) ]
E EBL ] © a e Helgason & Kashlinsky 2012 (38)
|
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Cta e We suffered very much from Nature last years
telescope
~— Oh, my God!!

& COVID-19 Canarias

ORI signacion del caso 4 undeslander andkreise
Ll
o OVI — Casos positivos Fallecidos Cordo or i Actives nz COVID-19-Fille
¢ =1 acu
- e 000 ' 496, ?K /eiden
o 0s 7 +d.OPE -Fille der let s

° d U 49:

A

- Volcano Eruptlon (19.Sep-14.Dec) Erupciones histéricas en La Palma

MAGIC, CTA, ORM : # |Erupcion |Ano Dias erupcion

(2200m a.s.) 200, Eggjgﬁm st Cumbre 1 nombre:? 2021 857

(600m a.s.l) 2|Teneguia 1971 24

3|San Juan 1949 47

4|Charco 1712 56

5(San Antonio | 1667/1678 66

6| Tigalate 1646 82

7|Tehuya 1585 84

8|Tacande 1430/1440 ?

We are very sorry for the local people who evacuated
from their living places and lost heir properties.
Fortunately the ORM is located 20km from the volcano,
so far there is no damage to MAGIC and CTA LST.

Copernicus



ing

LST1 has been collecti

cherenkov
telescope
array

cta

data for more than 2000hrs

Quick follow-up observation with LST1 for GRBs

and other transients.

Oct 2018: LST1 Inaugurated

LST can point any sky direction in 20 seconds
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cherenkov
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array

Cld

Crab pulsar above 20GeV

304000@ [‘Eﬁ]

@

[P2]
3030001 | | | Tobs=103.6 h
| ]_ | |pu 1050
3020001 ) P2: 12.10
P1+P2:1520
P 301000 Bridge: 5.70
@ 300000 {|
>
w
299000 ||
298000
297000 o
296000
0.00 025 050 0.75 1.00 125 150 175 2.00

Pulsar phase

Geminga pulsar above 15GeV

Source-dependent (Zd < 50 deg)

OFF [Tobs=58.1 h

P1 |Entries=13750015
P2

P3

12.10 detection for P2, 2.83¢ for P1 region,
2.090 for region between peaks (bridge)
P1: Sig(Li&Iy8):2.830

P2: Sig(Li a):12,14A

P1+P2: Sid(Li&Ma):9.120
P3: Sig(Li&Na):2.090

333333

IA. Mas-Aguilar

oooooo

Xx2-test=11.3]
H-test= 12.250
Z,o-test=12.860

Many scientific results are delivered

BL Lac intranight fast variability (a few min)

40 60 80
MJD (+59435) [minutes]

le—9
2.00 -- Crab (MAGIC, Aleksic et al. 2015)
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OP313: discovery of the most distant VHE AGN
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EBL model: Saldana-Lopez 2021
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% 10-12L — Joint Fit Observed model 4
= —— Joint Fit Intrinsic model
3 10-13L ~ Joint-Fit Fermi-LAT 3
o =+ Joint-Fit MAGIC+LST
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Symbiotic Nova RS Ophiuchi

- Stacked analysis

10-2{ PRELIMINARY

| r=-340£015%
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Energy [Tev)

—— Aleksié, | et al, JHEA, 2015
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Galactic Center 39hrs (Sgr A*, diffuse, DM)

Galactic Latitude
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Events

Crab Nebula and Pulsar

Crab Nebula spectrum

e 34.2 hours of data ] P
» Systematic errors: gray points o
correspond to the effect of +1% N A v
b a C kg ro u n d %TJL% ‘ itf‘;; ltigcc:i;t?olle (:jsTt-elr)natics (LST-1) +

I Uncertainty from several efficiency cuts (LST-1)
« Consistent with MAGIC and Fermi-LAT | 7 roaparaboa Joit it (Fermi-LAT and LST-1)
1 ---- MAGIC (Aleksic¢ et al. 2015)
- Fermi-LAT (Arakawa et al. 2020)

10712 T ———— " T ———r
103 1072 1071 10° 10t

Crab pulsar E [TeV]

« Significant detection down to few tens of GeV

297000

304000(] [Bridge] [P2] 2] P o .._Index 1.83+0.02 ; AR pigi
' / | = s T
3020001 | ]_ | ]_ PL: 10.50 ' 1.97+0.02 Tl R e

' ! 1 P2 1210 I I T
o Bridge: 510 £ " e
o | . | Preliminary *&%A‘ o et B
2990001 % 10-12 _\;_1.
298000 Transition between Fermi- ﬁ?;

LAT and LST-1 is smooth

101 Smooth broken power law fit 3. 96+0 12 ﬂ" _+_
206000

0.00 0.25 0.50 0.75 1.00 125 10-1 100 101
Pulsar phase Enerav [GeV1




cta

O RS Ophiuchi is a recurrent Nova.

Explosions, 1898, 1933, 1958, 1985, 2006, 2021
Mag 12.5 (low state) & Mag 4.7 (~1000 times)
Binary System with a White Dwarf and a Red Giant
Accumulation of material on the WD, and then

(I

cherenkov
telescope
array

«ne RS Ophiuchi Outburst in August 2021:
Evolutlon of the Energy Spectrum

thermonuclear reaction makes recurrent
explosions

1 The Hadronic model is preferred.
O Cutoff energy increased with time.

White dwarf

Credit: David Hardy/PPARC

Red Giant
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cta ==

BL Lac Flare 2021

4.00e-6

O BL Lac Flare 2021 7 —
O BL Lac: IBL, z= 0.069 * ws | FermilatLC
 Spectrum observed > 25GeV g 20006 | : : i
@ August 9, about 3-5 Crab 5 , , J T T How
5 1.00e-6 [ 0: . ¢ & :.... J ¢ ot » 4 .Q..O .-.:
Unit at 30-100 GeV - L TR LT s Lt VEE O WA AR TN
T . PRGN P T R P AL MR LRT ML By LK “# TN
O Very fast variability (<5min) i, B il AR . - - . ' -
Jan 2019 May 2019 Sep 2019 Jan 2020 May 2020 Sep 2020 Jan 2021 May 2021 Sep 2021 Jan 2022 May 2022
Date (UTC)
Aug 9, 2021 Intranight LC on 9 August, 5 min fast variability
le—9
2.004{ ---- Crab (MAGIC, Aleksic et al. 2015) 1
107°5 4 run-wise T
175 5-min |
'_"_‘ r . o ; - &
7 Preliminary 1501 Preliminary | ; x o
| 1010 4 [ % 1
§ s 1.25 1 | |
g observed spectrum i o0 l _+_ |
* 1077 EBL de-absorbed spectrum X p— Lo ! iy .
= : o —— 4+ 1]
LST (observed, LHFit) | | | @ | ¢
--- LST (EBL de-absorbed, LHFit) 0504 . ;«J»;___________________‘___‘;_+_;_ __________ 1 __C;-_L_J_-___
10_12 —— Crab (MAGIC, Aleks'lc et al. 2015) ' | 1 hour b
10-2 101 10° 0.251, , : . , : : ;
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(cta x Perseus Cluster
NGC1275 and IC310

Dec 2023 NGC 1275 Flare

12 3

Cluster of radio galaxies in Perseus; B || =°Lfii”"-‘ial§fo"f_~;cms. 2
ideal targets for LST: NGC 1275 and IC " [ZEIITERY . F
310 o S -
e Timeline of Observations £ & L8
« NGC 1275 detected in Dec 2020, o R 2
and then quiet afterwards N T s )
e NGC 1275 began flaring again in peoE o
December 2022 - January 2023 R || | g | [
Prellmlnary 2
 Again in December 2023, NGC 1275 = RS+ .
and IC 310 began flaring together 2o § o
a 2 8 a
« While observing cluster, detected . N
a single night flare of IC 310 T R g N

16



L/ = QOP313 (Z 0. 997)

—— The most distant AGN >100GeV

First detection of VHE gamma-ray emission from FSRQ
OP 313 with LST-1

ATel #16381; Juan Cortina (CIEMAT) for the CTAO LST collaboration
on 15 Dec 2023; 14:31 UT
Credential Certification: Juan Cortina (Juan.Cortina@ciemat.es)

Subjects: Gamma Ray, >GeV, TeV, VHE, Request for Observations, AGN, Blazar,

Quasar

- T —
o[ _I_ )
(TT‘ : I I _I_ ]
£ 10~ 1
o - Fermi-LAT MAGIC GTI 3
~ : David S. EBL model: Saldana-Lopez 2021:

wn -11L
o) 10 3
o : :
E‘ 10_12g == Jo!nt F!t Obs.er\./ed model y
'g r — Joint Fit Intrinsic model |
D 10-13L + Joint-Fit Fermi-LAT 4
v F -~ Joint-Fit MAGIC+LST :

10—14

1074 1073 1072 1071 109 10!
Energy [TeV]
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cta == Galactic Center region

array

1.0 TeV < E < 21.5 TeV 1
[J] 10
©
5 15"
.%' 8
8 00 e 0
p 6 [
0 -0°15' ... 5 - 4
:
O 30— 2
1°00" 0°30' 00' 359°30' 00' 0
Galactic Longitude
— EXxcess
400 1 Model: Total
—— Model: Sgr A*
—— Model: G0.9+0.1
n 300 1 —— Model: Arc
g —— Model: Ridge Diffuse
8 200 A Model: Faked Excess (68%)

1.6 0.8 0.0 —0.8 ~1.6
Galactic Longitude [deg]

E2dN/dE [TeVcm~2s71]

EZ2dN/dE [TeVcm—2s71]

— Discrete Sources

Sagittarius A*

10—12 4

10—13 _

= LST-1 (39h)

"

4

VERITAS, 2021 (125h)
MAGIC, 2020 (100h)
HESS, 2016 (226h)
VERITAS, 2021 (125h)

10° 10! 10?
Energy [TeV]

G0.9+0.1

10—12 _

10—13 _

= LST-1 (39h)
—-- VERITAS, 2021 (125h)
MAGIC, 2020 (100h)

+* + % HESS, 2005 (50h)

4  VERITAS, 2021 (125h)

100 10! 102
Energy [TeV]




cta

cherenkov
telescope

array

= @Galactic Center Region

Rldge Diffuse

L0 TeV < E <215 Tev 1
0°30'
) 10
O !
g b 8
©
- 00!
A 6
Y o 1
O .0°15 4
©
© 30 2
1°00' 0°30' 00! 359°30' 00! 0
Galactic Longitude
- EXcess
400 - Model: Total
—— Model: Sgr A*
—— Model: G0.9+0.1
3001 —— Model: Arc
—— Model: Ridge Diffuse
200 + Model: Faked Excess (68%)
100 -
0 .
50 -
0+- 3 L] — Ak -
_50 T T

1.6

0.8

0.0 —0.8 ~1.6
Galactic Longitude [deg]

E2dN/dE [TeVcm™2s71]

10114

107124

10713 4

Ridge Diffuse

= | ST-1 (39h)

=—:= LST-1 (Power Law)

MAGIC, 2020 (100h)

—_— % HESS, 2018 (259h)
T 4 VERITAS, 2021 (125h)

10° 10! 102
Energy [TeV]




—— Multi-messenger and
cta =% Multi-wavelength Astrophysics

Wave

‘ ASTRO-PARTICLE PHYSICS

Cosmic Ray Physics Particle Physics

High Energy AstrophySIcs —

TT— “ ‘ - — i—::/ 81 Stat Ilons

AstroPhysics

324 optical st

IceCubeA rray
8 strings including 8 DeapCore strings
5160 optical

Amanda Il Array
(precursor to IceCube)
)

g optimized for lower energies

eeeee

|||||||

“ — PARTICLE PHYSICS |
>~ Dark Matter, Neutrino
Energy Frontier

ASTRO PHYSICS

Gamma Ray Bursts, Black holes, = cas 1,1_}
NeutronStarsjSpace and Time A,

Ses0s



E2F(E) [erg cm™2 571]

E2F(E) [erg cm™2 s71]

Multi Messenger Astronomy
Cld ==~ IC170922A / TXS 0506+056
MAGIC Observation

Ice Cube Observation (~300TeV)

original GCN Notice Fri 22 Sep 17 2055:13 UT 10
s . 6.6 m refined best-it direction IC170922A
. A ’ = 1C170922A 50% - area: 0.15 square degrees 9
= IC170922A 90% - area: 0.97 square degrees 8
¢ . LW L3 6.2 2
7a
\ [ B
) [ 5 6 € .
p (o ER O é-d'g' 2 58 z2 Fermi LAT
. B .0 ,;," S o O
P " 5 —
: 88 g . % (>100 MeV)
© g 1 g‘ : 5.4 g
he . *'3 ” ¢ 3 >
: T
S - 09 5.0
b 1
0_
0
125 m 4.6
. . 7
Lepto-Hadronlc Scenario -
Frequency [Hz] 6
10_9 1011 1013 1015 1017 1019 1021 1023 1025 1027 1029 1031 1033 5
' ' ' ‘ Ep max = 1019 8e =
o =1 s 5 MAGIC
10°1t = e-sync. jet e 3 p
—= e-sync.sheat © b
I - . ssC S 58 = (>1OOGeV)
10-1B3f - EC § 2 5
,,,,, 7]
L yn cascade a 1 o
10—15 L M sync. 54 6
BH cascade 0 <
b = total EM =
107 Uy -1
—_—y R SR S os«:emﬁ 2
1071} -
MAGIC PSF -3
r ® MAGIC 58057 46
10-B} @ MAGIC 58029- 78.4 78.0 776 77.2 768 764
| ¢ MAGICLS Right Ascension
15 ¥ Fermi-LAT
1077 @ NuSTAR 58025 .
] @ NuSTAR 58045 GTC Observation z = 0.3365
.li : R ! A Cwift/YDT EQN70
10— 1 1 1 1 1 - 1 1 1 1 1 1 1 .
0% 106 108 S. Paiano et. al 2018
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Cta «erenior - Complementarity of different approaches
™ __ Direct, Indirect, and Collider Experiment
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(cta = Summary

« The prototype telescope LST1 fulfills the
requirement and the design performance with a
fast follow-up capability of 20 seconds.

« LST2, LST3, and LST4 will be completed by the
end of 2025, and commissioning will start.

« The LST Array will achieve one order of
magnitude higher sensitivity than currently
running telescopes.

« The LST Array contributes to the multi-
messenger and time-domain astronomy.



