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The LST-1 Prototype
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TOTAL MEMBERS

TOTAL AUTHORS

492 333
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LST General Meeting - Madrid - Spring 2025

type, the first 23-m class telescope for the
CTAO, operational since 2018 at ORM (La Palma)

e >300+ scientists & engineers from 11 countries
Telescope is currently performing regular observations on a
wide range of astrophysical sources (currently in its cycle Ill)
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LST “sweet range”

(CTA sensitivity dominated by LSTs)

Reconstructed Gamma-ray Energy ER (Tev)
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LST-1: pe rformance CT.I\\O COLLABORATION

== LST-1 (src-dependent)
=== LST-1 (src-independent)
10704 . #“475 LST-1 (src-dependent) - without 5% background
a9 | ST-1 (src-independent) - without 5% background
MAGIC (Stereo) [Aleksic et al. 2016]
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L

Sensitivity evaluated with real Crab 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

4
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https://ui.adsabs.harvard.edu/abs/2023ApJ...956...80A/abstract

The ORM Iandscape CT.I\\O COLLABORATION

LST‘2"4 in La Pal ma : O LST-4: start commissioning / AIV Q4 20257

B N = _ = O LST-3: start commissioning / AlV Q2 20267
r\ v N T =+ O LST-2: start commissioning / AIV Q4 20267

{25 N

MAGIC telescopes also at ORM site
+ works progressing for LST-2, -3 & -4

(see A. Berti talk)

Alessandro Carosi VHEGAM Meeting - 2025/05/27



MAGIC ﬁ - % = CT.I\\O COLLABORATION

MAGIC | from 2004, MAGIC Il from 2009 s Avmging
Mirror dish diameter: 17 m S
Active reflective mirror surface: 236 m2

Upgrade of MAGIC | camera and readout system in 2012
1039 PMTs cameras (FoV 3.5°)

Energy range: 30 GeV to 100 TeV

Fast repositioning (180° in less than 30s)

Energy threshold can be lowered to 15 GeV

Sensitivity above 220 GeV is ~0.66% of the Crab nebula

flux (for 50 hs)

Lo oododd

—a— Stereo, (2010), Zd. < 30°

~—@— Stereo Upgd., (2013), Zd. < 30°

—5— Stereo Upgd., (2013), Zd. 30-45°

Differential sensitivity [% C.U.]

Image Credit: Urs Leutenegger
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LST-1+MAGIC
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u.l

Weighted number of events [a

Seeing the excellent physics performance of the LST-1, and the fact that CTAO was delayed it was
natural to setup some physics exploration jointly with MAGIC
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Separation between MAGICs
and LST-1 is ~100m. A
dedicated pipeline is in place to
analyze stereo MAGIC & LST
data

joint observations allow
detection of 30% (40%) lower
fluxes than MAGIC alone
(LST-1 alone) (better
background suppression)

“‘Performance paper”
A&A. 680, A66 (2023)



https://www.aanda.org/articles/aa/abs/2023/12/aa46927-23/aa46927-23.html




LST-1: early science CT.I\\O COLLABORATION
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Pulsar phase

A detailed study of the very-high-energy Crab pulsar emission with the LST-1
A&A, 690, A167 (2024)

10-11

,,,,,,, o e Co i e % A Source physics + telescope performances (threshold,
P %} cross-calibration, energy resolution...)

E2dN/dE (erg - cm™2s71
-
<

:“:S;‘Tél:g;:g;;;’;::j,{-;g;g A Clear detection of P1 and P2 — Ethr down to ~20 GeV
B3 A  Smooth transition between Fermi-LAT and LST-1

Energy (GeV)
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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

Geminga (PSR J0633+1746)

Being a soft spectrum
source, the detection of
Geminga confirms the

good performance in the
15-30 GeV band, one of
the main scientific drivers
of LST

MAGIC: 6.3c after
hours for P2

80

« Alessandro Carosi

"I::::: !:::::i. coL
_I .‘ L\ COLLABORATION
Detected at ~12¢ in ~60h
341000] T[PT Brfdige [P2] [Bridge] [P2]
Tobs=60.1 h
240000 P1l: 2.620
P2: 12.170
Bridge: 1.840
239000
238000
237000
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235000
234000
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Pulsar phase
paper accepted for publication on A&A
10
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Transients: GRBs i
8, R observed
Major Atmospheric é 10 ¢ V[S)Z(a:kzzye [s;)):;k
. . Gamma Imaging -10| XRT | s:':" " . LAT ,] MAGH! ey
A Low energy threshold is crucial also P 0 ' - —]
. . GRB 190114C 7
for transient observations. % oo
104 E T T T T T T T T E 1104180 s synchrotron SSC model
? Transient;ndler region ‘ %‘ 103 g_ gi 166 1(;9 ; 1012
S A S 'ﬁi o Energy [eV]
102 Human i.ﬁlmp region ? - §: g Synchrotron burnoff limit largely
- || o 10°E o! £ exceeded
il R O First clear evidence of a second
o emission component (SSC -
[ TR 12 1 (R U RN U e VR 100 blazar-llke)
10 108
100 ] / g T-Ty(s) Teraelectronvolt emission from the gamma-ray burst GRB 190114C
“ "burnoff" limits (2019). MAGIC Collaboration Nature, 575. 45
W5 s Amh wome s . BEr—— - 1st GRB unambiguous detection at TeV energies
- 1st GRB observed over 20 orders of magnitude in energy
Requirements: - 1st GRB with unambiguous detection of a new energetic
emission component distinct from synchrotron
- low energy threshold - 1st single broad-band modeling of a GRB including both
- fast repointing components
- Brightest TeV source ever detected (>~ 100 crab)

- synergies with other facilities
11
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https://www.nature.com/articles/s41586-019-1750-x

Transients Follow-up
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Most distant VHE source to date (z=1.1)
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<4 EBL-corrected
-~ Observed

—— EBL-corrected UL
37— Observed UL

10
Energy [GeV]

A Gamma-ray spectrum down to 40 GeV; source not visible above 150 GeV.
3

GRB190114C)

Alessandro Carosi

VHEGAM Meeting - 2025/05/27

One-zone SSC can explain broadband SED temporal evolution (like for

Major Atmospheric
‘ Gamma Imaging
Cerenkov Telescopes

12



https://academic.oup.com/mnras/article/527/3/5856/7326795?login=true

Transients Follow-up CTAD &lisorsron

C
[ Most GRBs can be explained within the Synchrotron self-Compton scenario. Common scenario?
— To be tested with more GRB detections

With LSTs, redshift ~2 events are not a dream anymore!
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Transients Follow-up CTAD &lisorsron

LST is built for transients!

e Dedicated TH and automatic procedure follow up procedure have been implemented
. .
e Fast mouvements recently commissioned
e Large uncertainty alerts (i.e., GW) handled by tilepy (V. Seglar-Arroyo et al.. ApJS 274, 1 (2024))
e Initial science already possible (hopefully not for long, with ULs...) =
31 GRB231110A  Swift BAT 2045 e 37 15.960" 21:19:35 UT automatic
11.040s repointing
) 19h 20m
32 GRB231111A Swift BAT +529 26' 48.840" 14:17:19 UT 15°
56,1125
33 | GRB231115A  INTEGRAL 9h 56m 0.216s +692 40' 48.000" 15:36:23 UT 0.03 0.000677 POSI::i;zn of %
a5
34 GRB231215A Swift BAT ' 0h39m 0.000s TS 09:47:25 UT - 2.305 ARV 29.3-->51.2 e 600 (10h) RESEIELFS) | (GO +, K
31.920 19:53 UTC (4.2h) done conditions
35 GRB231216A Swift BAT ' 2h39m 2.088s VEDCIERID 18:41:08 UT = z Bl 32.2-->19.6 e 60 s alilteen + dark
45.240 s 19:43 UTC (3.6h) done conditions
2024/05/02 1020 Fast analysis dark
36 GRB240502A  INTEGRAL 7h 34m 30.96s = 16d 43m 27.48s  05:28:47 UT 25s - 48 --> 70 120 (2h) N
21:16 UTC (17h) done conditions
) 22h 21m 51d 33m Fast analysis ~ High NSB .
37 GRB240529A  Swift BAT 02:58:49 UT . 2695 03:2921UTC. 46->33 94 30 w0
17.160s 18.720s done (>10)
i Fast analysis s
38 GRB240615A Fermi GBM | 22h 21m 33.60s | 42d 33m 00.0s = 00:02:31 UT - - 01:34:09 UTC| 53 --> 46 40 92 done moon
ana 1n >
16/06/2024 —_ %
5240615dg bayestar.multiorder.fits,2 02:13:52 UTC Fast analysis RIS £
LHV 1/100 years . 98.94% . 02:29:20 UTC 120 947 (15h) observation 2
(BBH) more info&@ (received done .
Ira2:59) with MAGIC
. )
.

extracted from LST-1 wiki pages ' T w14
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https://iopscience.iop.org/article/10.3847/1538-4365/ad5bde
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| LST-1 is the first telescope of the Large-Sized Telescope (LST) for the Cherenkov Telescope Array
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1 for observing gamma rays in the range from 20 GeV to 3 TeV.
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" MAGIC is a system of two 17m-diameter Imaging Atmospheric Cherenkov Telescopes located on the Canary

GCN Circular 38443 COLLABORATION

Subject  LIGO/Virgo/KAGRA S241125n: gamma-ray upper limits from joint observations by the LST-1 and MAGIC telescopes

Date 2024-12-05T15:33:48Z
From David Paneque at Max Planck Institute for Physics <dpaneque@mppmu.mpg.de>

Via Web form |

D. Paneque (MPP Munich), M. Teshima (MPP Munich), M. Seglar Arroyo (IFAE Barcelona), D. Miceli (INFN
Padova), A. Stamerra (INAF Rome), J. Jimenez (IFAE Barcelona), S. Menon (University & INAF Rome), A. ‘TTGB!WtEB(i
Simongini (University & INAF Rome) on behalf of the LST and MAGIC Collaborations report:

We observed the Swift/BAT-GUANO gamma-ray counterpart candidate (GRB 241125A, DelLaunay, GCNC 38308)
presumably related to the GW S241125n (LVK Collaboration, GCNC 38305, 38315). A total of 4h of pointed
observations towards the gamma-ray counterpart candidate position were obtained, starting approximately
on Nov 25, 20 UT (i.e. about 19h post trigger time).

A preliminary offline analysis of the LST-1 and MAGIC dataset shows no excess of gamma-rays above 300
GeV at the position of the Swift/BAT-GUANO candidate. These results have been obtained using the LST

analysis software, lstchain (https://zenodo.org/records/14227973% , v0.10.13), and the MAGIC analysis
software MARS (Zanin et al. 2013). Observations were affected by the presence of clouds and by reduced

Observatory. It is located on the Canary island of La Palma, Spain. The telescope design is optimized

The LST-1 contact persons for these observations are Masahiro Teshima (mteshima@mpp.mpg.de) and Monica
Seglar-Arroyo (mseglar@ifae.es). The preliminary offline analysis has been performed by Sweta Menon |
(sweta.menon@inaf.it) and Juan Jimenez (juan.jimenez@ifae.es). o {

island of La Palma, Spain, and designed to perform gamma-ray astronomy in the energy range from 50 GeV
to greater than 50 TeV.

The MAGIC contact persons for these observations are David Paneque (dpaneque@mpp.mpg.de), Antonio
Stamerra (antonio.stamerra@inaf.it) and Davide Miceli (davide.miceli@pd.infn.it). The preliminary
offline analysis has been performed by Andrea Simongini (andrea.simongini@inaf.it).

- O~ 0" m—
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BOAT follow up by LST-1 CT.I\\O COLLABORATION

T T T T T T
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— -6 : ..... o wl F ON
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NUI d \\ - ir Theta? [deg?]
e 1077 it A\, WP N outer Super-powerful GRB
5 = HE 54
o ' -3 ~
5 10-8 A ¥ LST-1(0.3-5 TeV) Eiso 2x10~" erg
- : A # H.E.S.S. (0.3-5TeV) z=0.151
= ‘ detected up to ~13 TeV with LHAASO but not with IACT
S
[
A LST observation:

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

10 10* 102 10° 10* 10° 106 +  Several days under dark/low moonlight afterwards
Time since Ty + 2265 [s]

Large effort for analysis optimization of moon data

from A. Aguasca-Cabot@agammaZ24

paper accepted for publication on ApJL
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https://indico.ict.inaf.it/event/2661/contributions/19210/attachments/8800/18072/82_AguascaCabot.pdf

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

LA I B B L B N L B N L B L, B BL AL B S |
--— to=MJD 59434.93
% LST-1 daily
} LST-1 joint E
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[ee] o
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A ————————— R
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T

Flux (E>100 GeV) [x1071 cm~2s71]
N w S (9,1 o
T
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59460

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
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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

0 0 5 20 25 LST Coll. 2025, A&A, 695A.152A
.9 ———— ]
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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

CC SNe CT.I\\O COLLABORATION

CC SNe are Multimessenger
and multiwavelength source

...likely also at VHE
(see A. Simongini ppt)

-

SN-2024bch

LST+MAGIC joint

- Discovered 2023-05-19 07:45:07 UTC in M101
- z=0.000804 the closest CCSNe observed by MAGIC - CCSN of type lIn-L

Discovered on Jan 29, 2024, D = 17-20 Mpc

(~6.4 Mpc) - 14 h of LST-1 over 6 nights.
- Type Il SN Likely RSG progenitor
- MAGIC and LST-1 observations started on May 20th paper submitted to A&A
2023 _ :
paper in preparation 19
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(old) extragalactic friends
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[ 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)
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| 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
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Detection of OP 313 CT.I\\O COLLABORATION

Most distant AGN detected by an IACT, z = 0.997 S
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The Large-Sized Telescope (LST-1) on La Palma has been monitoring the very distant Flat

~  Alessandro Carosi VHEGAM Meeting - 2025/05/27 Spectrum RadoQuasar(FSRQ) OP 313 (2=0.997, Schneider et al. 2010, AJ, 139, 2360)
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Conclusions CT.I\\O COLLABORATION

A The prototype telescope LST-1 was inaugurated at the CTAO Northern Array site in La Palma in
2018. Telescope is now ending the commissioning phase.

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

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

A Bright future ahead: moving forward to the LSTs array soon.
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