EXCELENCIA
SEVERO

N7 \T T\ A

CTAD &
Y2 a COLLABORATION

LST-1 Observations of
Radio Galaxies:

a study of flaring and
quiescent states for

NGC 1275 & IC 310

Tora T.H. Arnesen (IAC), Mireia Nievas Rosillo (IAC),

v/, A "

s’z

¢

F ¥  GOBIERNO MINISTERIO
-Q DE ESPANA DE CIENCIA, INNOVACION
iy Y UNIVERSIDADES

Monica Vazquez Acosta (IAC), Jorge Otero-Santos (INFN),

Daniel Morcuende (IAA), for the CTAO-LST Project T 1=
* 0

Tora Therese Hgiland Arnesen, PhD student ** **

tora.arnesen@iac.es * ok




LST
I 2\ COLLABORATION

Future CTAO-South
Credit: CTAO : ;

4‘— :"" Rt
U

P\ \/
=
N



LST
COLLABORATION

1 has taken the data presented here




Intro Observations IC 310

* Extragalactic TeV dominated by AGNs:

* mostly blazars
* some notable radio galaxies

NGC 1275

MWL NGC 1275 CTAO COLLABORATION
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 Extragalactic TeV dominated by AGNs: _ ,
Blazars - near line of sight

* mostly blazars
* some notable radio galaxies

s .
° Narrow Line

Radio Galaxies . .. Region
- near edge on, see relativistic jets E grogd Line
radio -> TeV Jot bl

- mis-aligned / de-boosted AGN

-> still bright, rapid variation, explore ‘

different sites in TeV and MWL

- multiple science applications

Accretion
Disk

Obscuring

(e.g. Extragalactic Background Light, e

Axion-Like Particles, Lorentz Invariance
Violation)

Urry and Padovani
Model for Radio-
¢ Loud AGN

Credit: C.M. Urry >
and P. Padovani
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NGC 1275 & IC 310 * Perseus cluster - NGC1275 central

*close (z=0.017 & z = 0.019)

18'= 400 kpc

-

i‘
. ™ NGC 1265

NGC 1275
; S9N L CR15
IC 310

VLA 230-470 MHz radio map 6
(Gendron-Marsolais et al., 2020)
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* Perseus cluster - NGC1275 central
NGC 1275 & IC 3 10 *close (z=0.017 & z = 0.019)

NGC 1275 (3C 84) 18- 400450

| | o
 Fanaroff-Riley | | {;\
*generally bright VHE i
*2016-2017 bright flare, ~hr variability Sanms

(Fermi-LAT, MAGIC, VERITAS) e
¥ o ' CR15
-

*2022/2023 flares (LHAASO, MACE) v ‘ e L

VLA 230-470 MHz radio map 7
(Gendron-Marsolais et al., 2020)
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NGC 1275 & IC 310 * Perseus cluster - NGC1275 central

eclose (z=0.017 & z = 0.019)

NGC 1275 (3C 84) IC 310

* Fanaroff-Riley | * blazar-like bent-jet radio galaxy?
*generally bright TeV * 2012 extreme <4.8 min variability flare
*2016-2017 bright flare, ~hr variability (MAGIC)

"""" i ' VLA C-band 4-8 GHz

(Fermi-LAT, MAGIC, VERITAS) - o T ! e
*2022/2023 flares (LHAASO, MACE) | |

Right ascension Right ascension Right ascension

0.03 -0.001 0.0012 0.0034 0.0056 0.0078 0.01 0.0001 0.00012 0.00034 0.00056 0.00078 0.001
(Gendron-Marsolais et al.. 2020)
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Perseus Cluster 60267 - 60287: Significance Map E = 0.2 TeV - 8.0 TeV

O b Serva t | ons IC 310 and NGC 1275 when both visible in FoV:

e dates: 20 dec 2022 — 29 jan 2025
e zd <60
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Perseus Cluster 60267 - 60287: Significance Map E = 0.2 TeV - 8.0 TeV

O b Serva t | ons IC 310 and NGC 1275 when both visible in FoV:

e dates: 20 dec 2022 — 29 jan 2025
e zd <60

*NGC 1275:

* 55 nights
e 49,9 hrs
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Right Ascension

radio contours LOFAR 120-168 MHz
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Perseus Cluster 60267 - 60287: Significance Map E = 0.2 TeV - 8.0 TeV

O b Serva t | ons IC 310 and NGC 1275 when both visible in FoV:

e dates: 20 dec 2022 — 29 jan 2025
e zd <60
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*IC 310:
* 49 nights
) 45.8 hrs e 2:{'inght Ascension o

radio contours LOFAR 120-168 MHz
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IC 310

LST-1 | IC 310 | 0.1<E(TeV)<31l.6 | livetime =48.4 h

~  run-wise binning
+>  night-wise binning
8 bayesian blocks (from night-wise)
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IC 310

LST-1 | IC 310 | 0.1<E(TeV)<31.6 | livetime = 48.4 h

~  run-wise binning
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NGC 1275
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NGC 1275
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NGC 1275
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NGC 1275
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NGC 1275
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Conclusions T LST
c = AG ‘ COLLABORATION

Conclusions

* LST-1 have detected flares and quiescent states of two radio galaxies in
the Perseus cluster with previous notable TeV activity

* Detected and explored dec 2022 & jan 2023 flares and long term low and
quiescent states for NGC 1275

e flares comparable LHAASO & MACE, show evolution across several time blocks

* exploration of MWL data appear to show some flux variation at similar times as
that seen by LST-1

* Plan to round out MWL analysis and prepare a paper for publication
* Later work 3D analysis and modelling Perseus cluster
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Intro Observations IC 310 NGC 1275 MWL NGC 1275 c _I AO ‘ IC_)%TLLABORATION

Observations

e dates: 20 dec 2022 — 29 jan 2025 + NGC 1265
e zd<60
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Observations

e dates: 20 dec 2022 - 29 jan 2025
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Observations

e dates: 20 dec 2022 - 29 jan 2025
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