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First Science Results from the LST
prototype for CTA

David Green (Max Planck Institute for Physics) on behalf of the CTA LST Project, 16/04/2024
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e The CTA LST Collaboration consists of
250+ scientists from 12 countries

e Learn more at: https://www.cta-
observatory.org/project/technology/

Ist/

e Learn more at: https://
www.lst1.iac.es/collaboration.html
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Performance of the CTAO Northern Array
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LST for CTAO:
The largest telescopes and the lowest energies

23 m diameter: over 400 m2 mirror area
Targeting an energy threshold ~20 GeV
Stereo observations at lowest energy ever
observed from ground

Overlap with satellites but with collection
areas >104 times larger

ADbility to reposition to any point in the sky
within 20 seconds: Transients




Status of the Project
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o LST-1 first telescope at CTAO site:
- Telescope inaugurated in 2018

- Under commissioning: Covid-19,

supply-chain crisis, volcano, inflation...

- 2000+ hours of data taken by April
2024

- Current data-taking efficiency > 90% In
dark time, almost at 95% requirement

e LST-2, LST-3, and LST-4: under
construction

e LST-South: Funded through PNRR

Total obs. time: 2156 h Last updated: 2024-04-05
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Performance: Sensitivity

e Able to measure Crab Nebula down to
30 GeV

=
o
N
P |

Differential Sensitivity [% C.U.]

—— |ST-1 (src-dependent)
= |ST-1 (src-independent) cherenkov
“45 LST-1 (src-dependent) - without 5% background telescope
=aa | ST-1 (src-independent) - without 5% background array
--------- MAGIC (Stereo) [Aleksic et al. 2016] /

[ |

10 -
* Roughly 1.5x less sensitive than MAGIC
Stereoscopic Telescopes N
» Consistent with single telescope e : -
performance vs Stereoscopic system Energy [TeV]
I\Ilcl)ev_1020|21 Mlar Mlay JLIJ| Sgp Ngv 20|22 Mlar 7N1(,)ev—1020.21 Mlar Mf':\y JlIJ| S(Iep Nov 20|22 Mlar
e Systematics from background begin to
dominate below 50 GeV 6 ’ 6- '
7~ 51 | } ~ 54— + .......... S S b
. Expected for single telescope :; “\ ________ \\ __________________________ J ........................ W}L ::m ﬁ* “ & 4 * +T
o Will be reduced with stereo trigger v3 v3
« Published in Abe, H., et al,: ApJ, 956:80 =- 2,
(2023) | T LST1 (src-dependent) | + LST-1 (src-independent)

Best fit value to a constant flux (LST-1)
MAGIC (Aleksic et al. 2015)
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——— Best fit value to a constant flux (LST-1)
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https://ui.adsabs.harvard.edu/abs/2023ApJ...956...80A/abstract
https://ui.adsabs.harvard.edu/abs/2023ApJ...956...80A/abstract
https://ui.adsabs.harvard.edu/abs/2023ApJ...956...80A/abstract
https://ui.adsabs.harvard.edu/abs/2023ApJ...956...80A/abstract
https://ui.adsabs.harvard.edu/abs/2023ApJ...956...80A/abstract
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T-11s Ready for Science

 The LST Performance
aper Is published

 We are confident in
the understanding of
ur telescope

* Already number of
publications and more
submitted
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: Abe, H., et al,: ApJ, 956:80 (2023) .
O - Crab Pulsed Emission Phaseogram
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* Yes, we looked at the Crab Nebula and Pulsar
e Pulsed emission detected down to 20 GeV
e 34 hours of effective time
e LST-1 Crab Pulsar paper submitted to A&A
e Able to measure Crab Nebula down to 30 GeV


https://ui.adsabs.harvard.edu/abs/2023ApJ...956...80A/abstract
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LHAASO J2108+5157

e Cao et al. 2021: PeVatron, reported to be point- ] Abe.S.. etal.: ARA 673, A75 (2023)
like (<0.26 deg). No X-ray or VHE counterpart, - _
possible LAT counterpart, but soft spectrum ~— 101! Fermi-LAT
(pulsar?) |

| | s

* 91 hour observation, no detection but relevant o 15

upper limits. 7 10
N

 Able to confidently exclude simple hadronic O)
emission scenario Q _

— 10 13_E

e Abe, S., et al. A&A, 673, A75 (2023) proposed % E |
possible TeV halo associated with soft Fermi- E 1 \‘\

/. ]
LAT source (P 1014 ye \‘\

e Other interpretations such as illuminated MC LL ' \\

from SNR |“
10715 =

o de la Fuente, E., et al.: A&A 675, L5 (2023) and
Mitchell A. M. W., 2023, arXiv, arXiv:2310.18007

10° 104 108 1012
Energy [eV]
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https://ui.adsabs.harvard.edu/abs/2021ApJ...919L..22C/abstract
https://ui.adsabs.harvard.edu/abs/2023A&A...673A..75A/abstract
https://ui.adsabs.harvard.edu/abs/2023A%26A...675L...5D/abstract
https://ui.adsabs.harvard.edu/abs/2023arXiv231018007M/abstract
https://ui.adsabs.harvard.edu/abs/2023A&A...673A..75A/abstract
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First VHE-detect Nova: RS Ophiuchi
e |In 2021, the recurrent SymbiOtiC noVva S 0 5 0 0 s 20 25
RS Oph went into outburst “8 S '.;.'tc;s;sédz;gfi.gsmb_
o o I§7 - i Ch ST-1 jo?ﬁf -
* In addition to MAGIC (Acciari 2022) XISRERT, AGIC dally
and H.E.S.S. (H.E.S.S. Collab 2022), Rst e . :
LST-1 detected VHE emission from RS 2er | g :
Oph N Z
 Detected with 6.60 for three of the e R
four fOl_lOWing dayS 59435 59440 59_|flifn5e’t[lv5lj%4]50 59455 59460
 Evidence for a spectral hardening as Observation day r e
novae evolves and increase in cutoff Preliminary 07 TV em s |
Day 1 -42 + 03 33 £ 13
energy Day 2 365 + 0.13 59 + 1.0
Day 4 -3.50 + 0.15 59 + 1.1

Day 1, 2 and 4 -3.73 + 0.10 5.2 £ 0.7
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https://www.nature.com/articles/s41550-022-01640-z
https://www.science.org/doi/10.1126/science.abn0567
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First VHE-detect Nova: RS Ophiuchi
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BL Lac Flare 2021: CTAO's First ATel
[ Previous | Next | [BH] ]
Vo
. . .« . | y
Detection of very-high-energy gamma-ray emission . , .
from BL Lac with the LST-1 5 ’b,;)
ATel #14783; Juan Cortina for the CTA LST collaboration 0.5 | Q/}
on 13 Jul 2021; 21:03 UT = ' [T Ty PR NS T

Credential Certification: Juan Cortina (Juan.Cortina@ciemat.es) @ 0.47 i i W i ri

Subjects: TeV, VHE, Request for Observations, AGN, Blazar, Transient % 0.3 i
=i i significance(LiMa) = 30.4 o
Referred to by ATel #: 14820, 14826, 14839 : N on=28596 N off=21786
0.2 | V= - U=
@i=et® i excess rate[/min]=62.1 +/- 2.0
The LST-1 telescope has observed an increase in the very-high-energy (VHE; >100 GeV) 0.1 :
gamma-ray flux from BL Lacertae (RA=22:02:43.3, DEC=+42:16:40, J2000.0). The :
0.0 '

preliminary offline analysis of the LST-1 data taken on 2021/07/11 (MJD 59406), triggered

by an increase of the optical flux (see ATEL #14773 and references therein), has been
detected with a significance of 8 sigma with a differential flux of 1.3 +/- 0.2 10A-9 cm-2 s-1
TeV-1 (25% of the Crab Nebula) at 100 GeV. Note though that this is the result of a quick-
look analysis and the data were taken under non-optimal weather conditions (atmospheric
transmission at 9km of ~50-60%), hence this flux measurement is a lower bound on the
true flux. The LST-1 observations were performed during commissioning which began in
2018. LST-1 is a prototype of the Large-Sized Telescope for the Cherenkov Telescope

000 005 010 015020 025 030 035 040
theta’ [degree?]

* Fast response by LST and CTAC

 ATel was Published under 48 hours of
observation with confirmation and cross-check



BL Lac Flare 2021

e |IBL at z=0.069

e August 8th 2021: High state > 1
crab for E< 300 GeV

o Soft spectrum allows to extract
spectral point at 30 GeVin< 2
hour observation

 Intra-run variability being
examined

* Paper being written

e Explore LST capability for short-
time scale variability and
Lorentz invariance studies

e Poster contribution from Cyann
Plard on BL Lac LIV studies
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Aug 9, 2021
le—-9
10-° - 2.004 ———- Crab (MAGIC, Aleksic et al. 2015)
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Radio Galaxies : Perseus Cluster
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e Cluster of radio galaxies In Perseus;
Ideal targets for LST: NGC 1275 and IC

310

e Timeline of Observations

e NGC 1275 detected in Dec 2020,
and then quiet afterwards

 NGC 1275 began flaring again In
December 2022 - January 2023

e Again In December 2023, NGC 1275
and IC 310 began flaring together

* While observing cluster, detected
a single night flare of IC 310
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Flux x10710 [cm~2s71]
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Radio Galaxies : Perseus Cluster
®
LST-1 | NGC1275 | 0.1<E(TeV)<10.7 | livetime = 38.1 h LST-1 | IC310 | 0.1<E(TeV)<10.7 | livetime = 34.3 h
10 - [ ~++  run-wise binning L5 0 1.4 5 ~+  run-wise binning
- n % 1-d binning _12- : A %+ 1-d binning 0.25
g ‘ Prel I m I nary £} Dbayesian blocks (from run-wise) ",‘m P rel I m I nary £} Dbayesian blocks (from run-wise)
>96 in 6 minutes! 15 pl 1.0- 0.20
6 - = S 0.8 - : : >
: X . 0.6 A . i X
4 - = S [ Kor =
{ - X 04 - I[ I[ T4 | [ | to.102
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e Data for starts ~50 GeV and extends to several TeV

e Stresses the importance for CTAO to have sensitivity and wide energy coverage from LSTs, MSTs, and SSTs

* NGC 1275:

* Interacting elliptical+spiral system

« Used for dark matter, CR and magnetic field studies

17

IC 310:

« Lenticular host galaxy, strongly bent jet

 Using short time variability able to study region close

to SMBH (Science, 346, 6213 (2014))



https://ui.adsabs.harvard.edu/abs/2014Sci...346.1080A/abstract

OP 313

e Most distant AGN detected
by an IACT, z = 0.997

 Only ten FSRQ ever detected
In VHE

e First VHE source discovered
by LST-1

 Daniel will discuss more
details In the next talk
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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

X Post

The Large-Sized Telescope (LST-1) on La Palma has been monitoring the very distant Flat
Spectrum Radio Quasar (FSRQ) OP 313 (z=0.997, Schneider et al. 2010, AJ, 139, 2360)
since November 2023. Following the announcement of enhanced gamma-ray emission b

Announcement | GT-1 Discovers the Most

Distant AGN at Very High
Energies

18



GRB 220109a (aka The B.0.A.T.)
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e Observations with LST1 started 31h after the burst

e First two observing nights under strong moonlight

 Several days under dark/low moonlight afterwards

 Upper limit derived (>6 days after the burst)

e Moonlight data under verification (detailed MC and calibration needed)
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Strong Moon:

GRB 221009A

LHASSO data: 1-5 TeV, a=2.3

XRT, auto (0.3--10 keV)

XRT, refit (0.3--10 keV)

H.E.S.S. published (0.65--10 TeV) a=2.0
H.E.S.S. (1--5 TeV) a=2.0

HAWC (1--5 TeV) a = 2.0

o & @+ + + + 3

LST-1 Observations

T0+ 1, 3d

B )
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LHASSO data: first segment,(0.3--5 TeV) a =2.3 ]
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Jean Damascene Mbarubucyeye et al., ICRC 2023
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Count rate

(millions of

gamma rays
per second)

Energy flux [TeV cm~2 s~1]

The BOAT GRB in Context

Z=0.151

GRB 221009A

Reconstructed
Fermi data
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https://inspirehep.net/files/cd4caffffd5aefe87ea450173bff9bdb
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The Future

e Three more LSTs are
currently under
construction

[ , L it e e tmcrncs

* INAF has funding for 2+ LSTs
for the CTAO Southern Site -
through PNRR

METEO_1

e LST-1 has also started
Intensity interferometry
observations with MAGIC

EEEEEEEEEEEEEEE

e Second cycle of internal LST
proposals just began

20



Credit: Jelena Strisk
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| cannot talk about everything! L-/

« We have several presentations and posters | didn’t have time to cover
e Posters/Flash Talks
* Very High Energy gamma-ray pulsars with the LST-1 - Giulia Brunelli

* Muon Image Analysis for the Large-Sized Telescope of the Cherenkov Telescope Array - Vadym
Voitsekhovskyi

* Lorentz invariance violation search with the Cherenkov Telescope Array Observatory Large-Sized
Telescope - Cyann Plard

* Talks:

* Large zenith angle observation of the PeVatron candidate SNR G106.3+2.7 with LST-1 and MAGIC -
Marie-Sophie Carrasco

* First observations of CTA-LST1 and MAGIC as an optical interferometer - Juan Cortina
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 The prototype telescope LST-1 was inaugurated at CTAO Northern Array In La
Palma 1n 2018.

e So far as tested: performance of the telescope expected follows CTAO
requirements.

* Performance and data analysis well understood

» Promising observations and results ranging from Galactic: Crab(s), RS Oph,
LHAASO J2108, to Extragalactic: BL Lac, OP 313, and beyond: GRB221009a

e Over 2000 hours taken: first papers already out with even more to come
soon!
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LST Publications Q-/

* Observations of the Crab Nebula and Pulsar with the Large-sized Telescope Prototype of the
Cherenkov Telescope Array: Abe, H., et al,: ApJ, 956:80 (2023)

« Performance of the joint LST-1 and MAGIC observations evaluated with Crab Nebula data: Abe,
H., et al.: A&A, 680, A66 (2023)

« Multiwavelength study of the galactic PeVatron candidate LHAASO )J2108+5157: Abe, S., et al. A&A,
673, A75 (2023)

o Star tracking for pointing determination of Imaging Atmospheric Cherenkov Telescopes.
Application to the Large-Sized Telescope of the Cherenkov Telescope Array: Abe, K., et al.: A&A,
679, A90 (2023)

* A novel image-correction method for cloud-affected observations with Imaging Atmospheric
Cherenkov Telescopes: Accepted to AKA

« Estimation of the atmospheric absorption profile with isotropic background events observed by
Imaging Atmospheric Cherenkov Telescopes: Accepted to JHEAP
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