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CTAO concept

c T—A\O ESOTI-_LABORATION

Large-Sized Telescopes:
-4 North

- 2 South

-4.5° FoV

-20 GeV-3TeV

CTAO concept

LoNg \N/ SVANAS

Telescopes

Medium-Sized Telescopes:

- 9 North
s

- 8° FoV
- 80 GeV - 50 TeV

-

 van Small-Sized Telescopes:
- 37 South
-9.6° FoV
-2TeV -300TeV

MSTZ12m

SST @4 m
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Paranal (South)

near full sky coverage
wider energy range

(~20 GeV - 300 TeV)
higher sensitivity: ~5-10x
current IACT

better angular resolution:
~5x current IACT

larger FoV: 2.5x current
IACT




LST Collaboration CT.I\\O EOLLABORATION

https://www.Ist1.iac.es/collaboration.html

8-12 Jun 2026

* L 4 TOTAL MEMBERS TOTAL CF TOTAL SIGNING AUTHORS

o 526 329 301

e >~ 300 scientists & engineers from 11 countries

The Collaboration is building and commissioning 4 LSTs in covvy e < Jons  wewsens <" Mionnis™ T Miownis ™
the north (CTAO-N) and is participating to the realization of e e

Bulgaria 4 4 & 0.76% 1.22% 3.00 3.00
LSTs in south side (CTAO-S) cowia 10 7 8
Czechia 21 14 10 3.99% 4.26% 20.42 13.42

France 38 20 18 7.22% 6.08% 42.33 20.75

e LST-1 is the first 23-m class telescope for the CTAO. Gomamy 4 2 s1s% 1033w
In Operation Since 2018 at ORM (La Palma) Italy 136 86 20 25.86% 26.14% 136.50 93.67

Japan 100 71 58 19.01% 21.58% 94.92 70.92

Currently performing regular observations on a wide range Pma 8z : Loz oein
Of astrophysical Sources Spain 120 71 66 22.81% 21.58% 118385 70.83

Switzerland i8 13 13 3.42% 3.95% 1717 13.00
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https://www.lst1.iac.es/collaboration.html

The LST-1 CTAO COLLABORATION

Mirrors: JP

Interface plates: JP, DE, BR

Actuators: JP, CH, DE g

CMOS CAM: JP ~_ y Camera Support
Y Structure: FR

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

calibration:
IT, HR, IN, DE

Foundation: ES /
FlyWheels (2x300kW)
energy storage and UPS: JP

Large mirror area — low energy threshold (~20 GeV)

— ideal instrument for soft sources (pulsars, distant AGNs and GRBs, ...)
— Low energy threshold = more photons: study variability at shorter time scales
4
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The LST-1 CTAO COLLABORATION

Energy Threshold

LST “sweet range”

(CTA sensitivity dominated by LSTs)
Optical Design —

Primary Reflector
Diameter

10° \/
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=
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% 107 ===+ E =40 GeV
i ‘tg. Conaa e ~104
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Z 10
=
£ 10"
. o
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T — LR RN T T T Ty =
107 —— CTAO Northern Array g
oL oA g
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Reconstructed Gamma-ray Energy ER (TeV)
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LST-1: performance

CTAD

LST
COLLABORATION

* ¢
L R 4;2!
A
%]
Tz
5 $ LST-1 (this work)
g —— Log-parabola fit (LST-1)
QTM 10711 Stat. uncertainty (LST-1)
W +1% background systematics test (LST-1)
I Uncertainty from several
7 efficiency cuts (LST-1)
------ Log-parabola joint fit (Fermi-LAT and LST-1)
-=- MAGIC (Aleksic¢ et al. 2015)
Fermi-LAT (Arakawa et al. 2020)
10712 T T T T
1073 1072 107! 10° 10!
v 14 !
ER ¢+ |
TE O s I
as=
Q=
€T -1+ , g ; T
1073 1072 107! 10° 10!

E [TeV]

Differential Sensitivity [% C.U.]

=

o
N
1

107

LST-1 (src-dependent)

LST-1 (src-independent)

5 LST-1 (src-dependent) - without 5% background
LST-1 (src-independent) - without 5% background
MAGIC (Stereo) [Aleksic et al. 2016]

0.1

1 10
Energy [TeV]

Eth ~ 20 GeV

Energy resolution: AE~15%-50%

Flux sensitivity: ~ 1.1% Crab
@ > 250 GeV (50/50h)

Angular resolution: 0.1°-0.4°

Abe. H.. et al.: ApJ. 956:80 (2023)

A  Sensitivity evaluated with real Crab Nebula data: energy range widened to lower energy compared to
MAGIC (SED measured down to 30 GeV)

[  MAGIC (stereo system) ~1.5 x better sensitivity then LST-1 (mono) - As expected by the difference

between mono and stereo systems

d  Systematics from background begin to dominate below 50 GeV — will be reduced with stereo trigger

“From nine to forty”, Sesto - 2026/07/20
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https://ui.adsabs.harvard.edu/abs/2023ApJ...956...80A/abstract

The ORM landscape CTAO &issoraon

L rayy 4‘

All LSTs will be completed by 2026
Official LST-array inauguration on October 15th 2026

“From nine to forty”, Sesto - 2026/07/20



LST-1 + MAG I C CTAO I(-JS(‘)-II-_LABORATION

A Separation between MAGICs and LST-1 is ~100m. A dedicated pipeline is in place to analyze stereo
MAGIC & LST data -

LST1+MAGIC, <30°

1024{* & LST1+MAGIC, Data(+MCP)
# LST1+MAGIC, MC(+MCP)
A MAGIC(only), Data(+MARS)
+ LST1, Data

sensitivity [%C.U.]
=
o

=
=)
o
»
" ok
—.—u >4
- M
—
—
—_—C
..

3.0 :
LST1+MAGIC: Data to MC
120000 { ] MAGIC+LSTL 2.5{ } LST1+MAGIC to MAGIC alone v i i
N wocen | 8701 L A toLsTi(ont - joint opservatloons allcgw
o] 5 T detection of 30% (40%) lower
. 2 A Ly _ fluxes than MAGIC alone
21.0
= 5 I} i b ‘ I (LST-1 alone) (better
3 0.5 + .
5 20000 . background suppression)
=k _ EGeV] 0a0 1071 10° “ "
20 40 60 80 100 120 140 160 180 E [TeV] - Performance paper

A&A. 680, A66 (2023) 8
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https://www.aanda.org/articles/aa/abs/2023/12/aa46927-23/aa46927-23.html




LST-1: early science

c TAO ESOT_LABORATION

10-10

H
N
=

10712

E2dN/dE (erg - cm~2s71)

10-13

1071

10-10

10-11

10-12

E2dN/dE (erg - cm~2s71)

1071

Pl

Sub-Exponential Cutoff PWL model
Smooth Broken PWL model
Fermi-LAT

LST-1

MAGIC (Ansoldi et al. 2016)
MAGIC (Aleksic et al. 2012)

P2

Sub-Exponential Cutoff PWL model
Smooth Broken PWL model
Fermi-LAT

LST-1

MAGIC (Ansoldi et al. 2016)
MAGIC (Aleksic et al. 2012)

10° 10t
Energy (GeV)

102

103

Events

304000@ [P2]

3030001 |

[P1] [Bridge] [P2] [P1]

Tobs=103.6 h

3020001 .l_ .I_ P1: 10.50

| P2: 12.10 i

P1+P2:1520

301000 Bridge: 5.70

300000 ||

299000

298000

297000

296000 . . . . . . .

0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00

Pulsar phase

A detailed study of the very-high-energy Crab pulsar emission with the LST-1

A&A, 690, A167 (2024)

Detection of Crab Pulsar:

A Source physics + telescope performances (threshold,
cross-calibration, energy resolution...)

A Clear detection of P1 and P2 — Ethr down to ~20 GeV

A Smooth transition between Fermi-LAT and LST-1

“From nine to forty”, Sesto - 2026/07/20
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https://www.aanda.org/articles/aa/full_html/2024/10/aa50059-24/aa50059-24.html
https://www.aanda.org/articles/aa/full_html/2024/10/aa50059-24/aa50059-24.html

Gemin ga ( PSR J0633+1 746) CT.I\\O COLLABORATION

d Performance at lower energies confirmed by the detection of Geminga (PSR J0633+1746)

Detected at ~12¢ in ~60h |
d Being a soft spectrum 7360000
source, the detection of
Geminga confirms the
good performance in the
15-30 GeV band, one of
the main scientific drivers

of LST

[  P1 undetected (2.60 hint
=> 200h for a 5-o0 signal)

d MAGIC: 6.30 after 80
hours for P2

jorF| [Bridge [SEiip2| [y oFF ]

Tobs=60.1 h
P1: 2.620

P2: 12.170
Bridge: 1.840

358000

Events

356000 -

3540004 (|1 ]I’

352000 1

0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
Pulsar phase

Abe et al. (LST Coll.), A&A, 2025, 698, A283 1
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https://ui.adsabs.harvard.edu/abs/2025A%26A...698A.283A/abstract

Transients Follow-up CTAD &lisorsron

O LST is built for transients (low energy threshold & fast repointing)

- First follow-up started at the end 2020/beginning of 2021
- Routine follow-up on a wide range of transients - some of them in joint mode

e Dedicated TH and automatic follow up procedure have been implemented
e Large uncertainty alerts (i.e., GW) handled by tilepy (M. Seglar-Arroyo et al.. ApJS 274, 1 (2024))

Total GRBs GWs Neutrinos
Type of alert
413 # total alerts 329 # total alerts 54 # total alerts 27 # total dlerts ® GRBs
46 # observed alerts 41 # ohserved alerts 2 # observed alerts 2 # observed alerts g\i/ustrmos
872h observed 765h observed 33h observed 43h observed

Delay of observations wrt TO
VOE origin of alerts
5

# type
o g 4

n
"o

100 3
I+
2
50
l 1
: —— H_ =l " ||| |
YU 8 th

%oy, %oy, Moy S Ve, Ty R, %4@ Sy Sy, oy oy o 1200 1400 1600 1800
B \/Q%{ o ey Ty, %‘lv %5%% g %f\% 1
\%% gy %»Q/ 4 Delay [min]
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https://iopscience.iop.org/article/10.3847/1538-4365/ad5bde

BOAT follow up by LST-1

LST
COLLABORATION

CTAD

Energy flux [ergcm~2s71]

200 [ T T T T i 10-10
L Li&Ma Sig. = 4.10
175 _} S/B ~ 28.2% 1
Nop = 406 + 20 o ——
150 - Nogr = 317 + 10 [N
i P 5
JRELES ’}{_ .H -H< £ T 1
2 ,{‘ o !
310 ++ + '{‘-{- -I"H'.l' H’[‘.}‘ {-.} ’H'H‘ 2 107 _
Wi
75 H 23
= LST-1 (T +1.33d)
50 H % # LST-1(To+3.33d)
OFF LST-1 (all dark)
25 1 --- 62 cut - Test ~0.5% bkg norm.
= ON Test +0.5% bkg norm.
o L L L 1 10-12 L L "
0.0 0.1 0.2 0.3 0.4 0.5 107! 10° 10t
62 [deg?] Energy, E [TeV]
1y T T TTTTT0 T T TTTTT0 T T TTTTI0 TrorrTTmr rorrrm
- 0.3-5 TeV energy band 4
Ren+24 total=inner

1073 E

10

. ﬁrﬁ
’%T

B AGILE-GRID (0.05-3 GeV)
10—8 :=_' Swift-XRT (0.3-10 keV) E
107 g 3
10710 — 4
on[ Abeetal 2025 (ApJ, 988, 1 42) '8 17 T
10712-| L1l Lol Lol Lol L rni vl [ R
10° 100 10? 103 10° 10° 10° 107

Zheng+24 total
nnnnn

nnnnn
LHAASO
O LST-1

® HESS. 3
Fermi-LAT (0.1-100 GeV) 7]

Time since To +226s (T

") [s]

GRB deeply entering in the TeV band with GRB 221009

The brightest of all time (“The BOAT") GRB
- E_ ~2x10%erg, z=0.151

oﬁloy 1 event expected every ~103 yr (or even 10* yr)
Peak energy flux reaching ~ 10° Crab Units

detected up to ~13 TeV with LHAASO but not with IACT

LST observation:

- 2022/10/10 ~21:34 UTC T, +1.1x 10° sec (~31 h, red. HV)
- First two observing nights under strong moonlight
+  Several days under dark/low moonlight afterwards

Large effort for analysis optimization of moon data
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https://iopscience.iop.org/article/10.3847/2041-8213/ade4cf
https://iopscience.iop.org/article/10.3847/2041-8213/ade4cf

LST
COLLABORATION

CTAD

Energy flux [ergcm~2s71]

BOAT follow up by LST-1

"l = i GRB deeply entering in the TeV band with GRB 221009
m125—'l' N‘g } o
émo- }}++H+H,{+ ,}:Fl. {‘{:]'H' H"[‘ '{'#_} ’{'[‘{‘+’{‘+ Eg 1071 1 _
ol T i The brightest of all time (“The BOAT") GRB
g S | R ,0 Tst%”fﬁf*’:"°::,] - E_ ~2x10% erg, z = 0.151
e " _ewsw - only 1 eventexpected every ~10% yr (or even 10 yr)
105 L - Peak energy flux reaching ~ 10° Crab Units
- A"’h e - detected up to ~13 TeV with LHAASO but not with IACT
10-6 : 4 Zhang+25 :n;;r 1
;_TJ*TTﬁ LHAASO rer s
1077 **k, o oo
: Wi o
107 X ] 4.1 hint of a signal
oo L Bridges the HAWC and H.E.S.S. ULs at late
: afterglow phase, constraining between the models
1000 of the jet structure
o[ Abeetal. 2025 (ApJ. 988, 142) ng 17 .
T T T L T N T N T 14

Time since To +226s (T

") [s]
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https://iopscience.iop.org/article/10.3847/2041-8213/ade4cf

Gravitational waves CT.I\\O COLLABORATION

0.15TeV < E < 0.60 TeV E > 0.60 TeV 10-10
) i ; . . 5 . , i
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RS Ophiuchi

RS Ophiuchi Nova

Novae are thermonuclear explosions caused by accumulation of
material from donor star on a surface of a white dwarf (WD)

t—to [d]
5 10 15 20 25
L =MD 59434.93 _ _
i # LST-1 daily 1 - System is not disrupted after the nova event -> cycle restarts
I ? ;—E Cif’J”FI 1 - Most novae detected only once:
L 4 aily
i 2 MAGIC joint 1 - Outburst once every (hundreds of) thousand years

T - Some novae show repeated outbursts within few years/human
7 lifetime: recurrent novae (RN)

. - 10 known RN in the Galaxy with repetition rate <100 y
=7 - For a symbiotic nova to be RN, the WD must be massive

' ' ' ' ' ' (1.1 Mo) (fM>1.44 Mo — Snla)

59435 59440 59445 59450 59455 59460

A ————————— R

(=] N w B (6] )] ~ o] [(e]
T

Flux (E>100 GeV) [x1071 cm~2s71]

Time, t [M)D]
Observation day r 0 RS Oph is a recurrent symbiotic nova which displays major outbursts every
[107°TeV™ em™s7'] 14.7 years
Day 1 —42 =03 33 + 13 Observed and detected on August 2021 by both MAGIC and LST-1
Day 2 -3.65 = 0.13 59 £ 1.0
Day 4 -3.50 + 0.15 59 + 1.1 . .
bay 1 2andd 373 = 0.0 Y |:> Novae established as a new type of VHE emitters

16
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RS Ophiuchi Nova

Novae are thermonuclear explosions caused by accumulation of

material from donor star on a surface of a white dwarf (WD)
t—to [d]
10 15

A 5 20 25 LST Coll. 2025, A&A, 695A.152A
— : T
T C— t,=MJD 5943493 | MAGIC Coll. 2022, Nat Astron 6. 689
v o & LST-1 daily 1
E7F 1 } LST-1 joint . H i
SO & ViciCaaiy Q Evidence for a spectral hardening as novae evolves and
T 6 | = - . . .
= i K2 MAGIC joint increase in cutoff energy
X 5F N .
AR | a Hadronic model preferred
(&)
23_ i i 10-8 E;..... T T '_E 10-8 ;, T
= E F a) t—to~1d E F b) t—tp~2d ]
A2 . i i I l
w i A — 107°F TT 4 5 107°F T‘I“T E
<x1F | "Z“—?— 1 ; ”f‘ ER E
& ! ! D [ T 1° [ ]
PR PR T T T T SN S S T ISR TR SR S I SR S SR S N £ _10 | 1 € 10-10 L |
59435 59440 59445 59450 59455 59460 J 07k 13
Time, t [MJD] g g
510-11 L 4 Biouf 4
Observati =210 jz[t 3
servation day r bo 3o E e F E
10 -1 B Wy F Fermi-LAT 1 v [ W Fermi-LAT 1
[107°TeV ™' em™s7'] S [ & Fermi- I i T
% 10712 E HH LST-1 — = Leptonic (IC) 4 w 107§ ¢ — = Leptonic (IC) E
Day 1 —-42 + 03 33 + 1.3 E 4 MaGIC — Hadronic .\r E E L"’;GS'CS s —— Hadronic I
Day 2 -3.65 = 0.13 59 + 1.0 I & HES.S. (CT5) (o~ y) 3 [ @ HESS.(CT5) (mo->y) |c ]
Day 4 —-3.50 + 0.15 59 + 1.1 10-13 L }I H.E.S.S. (CTI1—4) (ni._)Et_)YUC)l) ‘I i 10-13 -'-_--?.l HESS(CTI1—4) ..(.rf.._)e. —»v()l) AL
BT T T T 1071 10° 101 102 103
Day 1,2and4  —3.73 = 0.10 52 + 0.7 10 10 EnergboE[GeV] 10 i Energy, E [GeV]
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https://www.aanda.org/articles/aa/full_html/2025/03/aa52447-24/aa52447-24.html
https://www.nature.com/articles/s41550-022-01640-z#citeas

CTAD &

COLLABORATION

Discovered 2023-05-19 07:45:07 UTC in M 101
z=0.000804 the closest CCSNe observed by
MAGIC (~6.4 Mpc)

Type Il SN Likely RSG progenitor
MAGIC and LST-1 observations started on May _ul

20th 2023

paper in preparation

CC SNe are Multimessenger and
multiwavelength source ...likely
also at VHE

- Discovered on Jan 29, 2024

- D= 17-20 Mpc
- CCSN of type lIn-L

- 14 h of LST-1 over 6 nights.

— LST-1
B+0
V+2
R+ 4
I1+6

FoH FoH HoH o

//

-12}

/

|

=+ Night-wise
- Stacked

Flux (E>100 GeV) [cm=2 s71]

IIIII T
ﬂT ‘

Days after to = 60337.39
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Observation date

Abe et al. A&A, 2025, 702, 125



https://ui.adsabs.harvard.edu/abs/2025A&A...702A.125A

CC SNe CT.I\\O COLLABORATION

SN 2024bch also at VHE

- \ Syt T ; - D= 17-20 Mpc
SN 2023ixf" @ — e - CCSN of type lIn-L

ULs still not constraining over theoretical models but

CC SNe are Multimessenger and
multiwavelength source ...likely

- Discovered on Jan 29, 2024

ver 6 nights.

exciting perspective for the LSTs array and CTAO

=+ Night-wise
- Stacked

-17 @ V+2 ol
. % -16 % :2:64 N: l

- Discovered 2023-05-19 07:45:07 UTC in M 101 5-15- \’ﬁ*\!‘\"\i\l % ,,,,, I T
- 2=0.000804 the closest CCSNe observed by 5 -} H"‘\f&\ : ﬂ T

MAGIC (~6.4 Mpc) G| tl
- Type Il SN Likely RSG progenitor | =P ‘
- MAGIC and LST-1 observations started on May _ul ||| s . | . |

20th 2023 0 20 40 80 80 00 120 @WVJ w&fg & &&”« @”"’Q& o

Days after to = 60337.39 " Observation date

paper in preparation

“From nine to forty”, Sesto - 2026/07/20 Abe et al. A&A, 2025, 702, 125
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(old) extragalactic friends

CTA

LST
COLLABORATION

[ 1

9]

Detection of very-high-energy gamma-ray emission
from BL Lac with the LST-1

ATel #14783;

le-9
L1 oN 2.004 -~ Crab (MAGIC, Aleksic et al. 2015)
OFF 4 run-wise
c 8000 1.75 5-min
o -
P 0
g6000 ! 7. 180 T
0
§ I 'E Sl engit e R : E'; 1.25 + 4
o v
»é 2000 i tobs=1.93 hr, tef=1.83 hr : §1.oo J
g ! on=39645, Nor=28355 [ A —+
€ ! 3
2 | Nexcess=11290, S/N=39.8% 2075
2000 !
1 significance=43.40 0.50
| |
0 L 0.25
0 20 40 60 80 -20 0 20 40 60 80 100 120
alpha [degree] MJD (+59435) [minutes]

| First LST-1 ATel: BL Lac flare on July 11th 2021, ATel #14783

Source monitored also in August 2021 (brightest BL Lac flare episode)
detected sub-hour-scale intra-night variability 3—4 times higher than

the flux of the Crab Nebula above 100 GeV

Detection and monitoring of several

known AGNs up to z~0.5

Mrk421
AGN type  HBL
Redshift 0.031
Obs. date  2020/12/12
-2022/05/23
Obs. time
BF/AF cut () %3-331-9
Significance 31 o
Condition

nergy (VHE; >100 GeV)
0, 42000.0). The

hthat thisis the resultof a quick

and the data were taken under non-optimal weather conditions (atmospheric;
the
missioning which began in

ntis a lower boun

Mrk 501 | 1ES1959+650 | 1ES0647+250 | PG 1553+113
EHBL HBL HBL HBL
0.034 0.048 0.45%0.05 0.433

2020/07/10 2020/07/11 2020/12/16 2021/04/08

-2022/06/29|  -2022/05/05 -2020/12/21 -2022/05/23

67.2/39.7 21.3/11.8 8.8/8.2 12.2/9.9

2lo 120 70 166

Dark (No Moon) + Clear Sky
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Mrk 501
600 { Time=18h
Non = 1525
Prellmmary Nog = 686.0 + 26.2
LiMa Significance = 18.1 0
3001 ON data
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, 400 <
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2
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Tme = 2 6 h
| 2440
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8001
ON data
#® Background
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O
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4001
300 {» a B El
-.-. ... '."-- -I.--. I...-l
a
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BL Lac flare

LST
COLLABORATION
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2022-09-19 2022-10-04 2022-10-19 2022-11-03 2022-11-18 2022-12-02
*1 e LST1(E>200 Gev) ® i |
T =31 + LST-120ULs (E>200 Gev) i
L === Crab Nebula l I
>n O 2771 == T “J —~ — = = =~ = =~~~ ~ =~ T ''''
Y i k |
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e Brightest VHE emission ever detected from this
source (up to 4 CU)

e Clear intra-night variability detected on October 20
and November 13, 2022 (flux-doubling variations as
fast as ~8 minutes)

([

Particle acceleration: shock + magnetic rec.

Abe et al. A&A, 710. A41 (2026)
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https://www.aanda.org/articles/aa/pdf/2026/06/aa57924-25.pdf

Detection of OP 313

CTAD

LST
COLLABORATION

Most distant AGN detected by an IACT, z = 0.997

A VHE observations with MAGIC and LST-1 triggered by
Fermi-LAT in November 2023.

Only ten FSRQ ever detected in VHE

Average VHE flux of ~0.28 C.U. during December

flare (~15 h)

L O

Extensive MWL campaign (radio, IR, optical, UV, y-ray)
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Toward the LSTs array CTAD oo
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LST2-4: Structures completed, cameras installed. Very soon commissioning will start
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Toward the LSTs array
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https://www.cta-observatory. orglsciencelcta-performance (prods,

In 12 months we will approach the sensitivity of the full CTAO-N
array below few hundreds of GeV (10x better than current IACTSs)
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Conclusions
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The first Large-Sized Telescope (LST-1) of CTAO
was inaugurated at the CTAO Northern Array site
in La Palma in 2018. Telescope is now ending the
commissioning phase.

LST-1 Science program has been established
and is growing rapidly. Cycle IV of observations
has recently started in a joint-mode with
MAGIC.

Observations and results are coming and they
cover a wide range of scientific targets (Galactic
sources, transients, TeV Blazars,
FSRQs...)....and that’s not all! Many other results
not mentioned here such as fundamental physics
study, dark matter, LIV, interferometry....

Bright future ahead: LSTs are going stereo
soon....

....and are going south too!
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Thanks for the attention!
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