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Introduction to RL AGN

According to Unification Models (Antonuccio3, Urry&Padovani+95), jetted AGN are split into two main classes on the base of the jet angle
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Introduction to RL AGN

According to Unification Models (Antonuccio3, Urry&Padovani+95), jetted AGN are split into two main classes on the base of the jet angle
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Introduction to RL AGN

Different excitation modes of the gas in the Narrow Line Region (NLR) reflect different
accretion flow configurations (Jackson&Rawlings+97)

LERG HERG

Low-Excitation Radio Galaxy High-Excitation Radio Galaxy
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Why studying RL AGN

e In blazars, the overall emission is overwhelmed by the jet, due to strong beaming effects —> very bright at very high-energies
(easier to detect at GeV-TeV energies)

* In radio galaxies, the jet emission is less amplified:

e Cons: more difficult to detect at very high-energies

" ©OFE. Bronzini
T — —

VTR
5 Keis) e : ; Missione 4 ¢ Istruzione e Ricerca
4~D.10%%
ALMA MATER STUDIORUM Ners ace Telescope
UNIVERSITA DI BOLOGNA \




4

«++__| Finanziato iy Ministero : .
» ;| dall'Unione europea W~ dell'Universita [taliadomani ‘ INAF
* ox X PIANO NAZIONALE

NextGenerationEU e della Ricerca D RIeRESK ERESIIENZA O ASTRORISICA

Why studying RL AGN

e In blazars, the overall emission is overwhelmed by the jet, due to strong beaming effects —> very bright at very high-energies
(easier to detect at GeV-TeV energies)

* In radio galaxies, the jet emission is less amplified:
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NGC 4278: a general overview

i Nearby (~1 64 MpC) I‘adIO IOUd AGN (Terashima&Wilson03)

e Compact (~3 pc) symmetric radio structure (CSQO) irolettizos)

o Ml|d|y relativistic jets (,B ~ 075) (Giroletti+05)
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NGC 4278: VHE band

So, why is NGC 4278 interesting for the HE-VHE community?
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NGC 4278:

Cao+24a

THE ASTROPHYSICAL JOURNAL SUPPLEMENT SERIES, 271:25 (26pp), 2024 March https://doi.org/10.3847 /1538-4365 /actd29 ~ 5 O 8 d ayS Of I nteg r at I O n tl m e

© 2024. The Author(s). Published by the American Astronomical Society.
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Discovery of Very High Energy Gamma-Ray Emissions from the Low-luminosity AGN
NGC 4278 by LHAASO
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see also talk by Chen (Monday)

Flux (>1TeV)[107¥cm~2s571]

~891 days of integration time
from March 5th, 2021 to October 31st, 2023

ty
. LIV, ?

) t $* 4 +

59400 59600 59800 60000 60200

? +||||| by
0 ! ++ +++ ++++ : ++?++++++|||| : ||++
?

—100 A

400 59600 59800 60000 60200

M)D

~7 times the low-state

ALMA MATER STUDIORUM Ners
UNIVERSITA DI BOLOGNA

A - : :
© mac ems i Missione 4 - Istruzione e Ricerca

TTTTT
DI AS

Gamma-ray
N / Space Telescope
\



4

«++__| Finanziato iy Ministero : .
* ;| dall'Unione europea W~ dell’'Universita [taliadomani ‘ INAF

NextGenerationEU e della Ricerca D RISRESA ©RESTTIENZA V'S Ol ASTROFISIGA

NGC 4278: y=ray band (Bronzini et al. in prep)

* Tentative approaches to reveal GeV emission from NGC 4278 using Fermi-LAT, with NO results wang+24, Lian+24, caos24p)
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NGC 4278: y-ray band (eronzini et al. in prep)

* Tentative approaches to reveal GeV emission from NGC 4278 using Fermi-LAT, with NO results wang+24, Lian+24, caos24p)

* Our approach was to limit the the Fermi-LAT investigation to the same time interval as the first LHAASO catalog (cao+242)

counts/pixel counts/pixel
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Our analysis
 Period: March 1st 2021 - October 1st 2022

Mar. 2021 - Oct. 2022 Mar. 2021 - Oct. 2022

O 0
(MJD — 59274 - 59853) 4FGL J1226.5+3023 Q 4FGL | ﬂ a ’
30°§ g Jie21.59 1217.9+3007 - 30°§ J1221.3+3 J1217.9+3007
+ Energy range: 100 MeV - 1 TeV o P‘
S g
e 4FLG-DR4 S S
« NGC 4278 manually added to the model 8 29° A 29°)
* Binned likelihood with 21 components
(different energy bands, Zmax, PSFs) O
28° A 28° I 4FGL J1221.5+2814
100 MeV - 8 Ge >8 GeV
12h24m 20™ 16™ 12h24m 20™ 16™
RA (J2000) RA (J2000)
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o Statistically significant (TS=29) y-ray emission spatially coincident with NGC 4278
« Hard photonindexI' = 1.3 £0.3 35°¢

. Energy flux F_;qomeyv = (1.2 £0.9) x 10~ erg/s/cm?

+ Isotropic luminosity of L. ;gonvey = (4 £ 3) X 10* erg/s
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NGC 4278: y=ray band (Bronzini et al. in prep)

Statistically significant (TS=29) y-ray emission spatially coincident with NGC 4278

Hard photon indexI = 1.3 = 0.3
Energy flux F_ ;gomev = (1.2 £0.9) X 10~ Herg/s/cm?

Isotropic luminosity of L ;ggpvey = (4 £ 3) X 10* erg/s
We checked event by event (gtsrcprob tool)

3 HE photons with P>90% to be associated with NGC 4278

Energy MJD  aj200 93200 evclass gtsrcprob

[GeV] [deg]  [deg] (7]
(1) () (3) (4) () (6)
8 59561 184.98 29.36 CLEAN 93.8 (3.8, 2.1)
96 59742 185.03 29.28 SOURCEVETO 99.9 (<1, <1)
103 59312 184.95 29.20 SOURCEVETO 99.2 (<1, <1)

Table 1. Properties of photons associated to NGC 4278
with a probability higher than 90%.

Notes. Column (1) reconstructed energy, (2) arrival time
in modified Julian day (MJD), (3-4) reconstructed right as-
cension and declination, (5) event class of the reconstructed
event (further details in the text), (6) association probability
using the gtsrcprob tool for NGC 4278 and for the back-
grounds in parentheses (isotropic and galactic, respectively).

Missione 4 ¢ Istruzione e Ricerca
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NGC 4278: y=ray band (Bronzini et al. in prep)

o Statistically significant (TS=29) y-ray emission spatially coincident with NGC 4278

Hard photon indexI = 1.3 = 0.3
Energy flux F_ ;gomev = (1.2 £0.9) X 10~ Herg/s/cm?

Isotropic luminosity of L ;ggpvey = (4 £ 3) X 10* erg/s
We checked event by event (gtsrcprob tool)

3 HE photons with P>90% to be associated with NGC 4278

The first solid detection of NGC 4278!

Energy MJD  aj200 93200 evclass gtsrcprob

[GeV] [deg]  [deg] (7]
(1) () (3) (4) () (6)
8 59561 184.98 29.36 CLEAN 93.8 (3.8, 2.1)
96 59742 185.03 29.28 SOURCEVETO 99.9 (<1, <1)
103 59312 184.95 29.20 SOURCEVETO 99.2 (<1, <1)

Table 1. Properties of photons associated to NGC 4278
with a probability higher than 90%.

Notes. Column (1) reconstructed energy, (2) arrival time
in modified Julian day (MJD), (3-4) reconstructed right as-
cension and declination, (5) event class of the reconstructed
event (further details in the text), (6) association probability
using the gtsrcprob tool for NGC 4278 and for the back-
grounds in parentheses (isotropic and galactic, respectively).
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NGC 4278: X-ray band (Bronzini et al. in prep)

NGC 4278 was serendipitously observed by Swift-XRT (~1.1ks) during the TeV active phase

e The source was in flare also in X-ray band!

+ Hard photon index I" = 1.41

« Energy flux Fjys_g.v = 575 x 107 %erg/s/cm?

- S _ 1 409 41
» Isotropic luminosity L 5_g .y = 1.6, X 107 erg/s
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NGC 4278 MWL VieW (Bronzini et al. in prep)

Our results in X- and y-ray bands strongly support that the source was in an overall enhanced state during the LHAASO campaign
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NGC 4278 MWL VieW (Bronzini et al. in prep)

Our results in X- and y-ray bands strongly support that the source was in an overall enhanced state during the LHAASO campaign
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NGC 4278 MWL VieW (Bronzini et al. in prep)

Our results in X- and y-ray bands strongly support that the source was in an overall enhanced state during the LHAASO campaign
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NGC 4278 MWL ViEW (Bronzini et al. in prep)

Our results in X- and y-ray bands strongly support that the source was in an overall enhanced state during the LHAASO campaign
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Conclusions

* Our highly refined analysis of Fermi-LAT data revealed a statistically significant (~4.30) detection of NGC 4278 spatially e
temporally coincident with 1LHAASO J1219+2915

 GeV and TeV data connect smoothly

* The analysis of a X-ray observation simultaneous to the LHAASO campaign confirms that the source was in a high-state

* The detection of VHE emission from NGC 4278 gives us, for the first time, the unique opportunity to investigate acceleration and
radiative mechanisms in low-power radio galaxies with pc-scale jets.

« LLAGN with pc-scale jets might constitute a new class of targets for upcoming Cherenkov Telescope Array Observatory
(CTAO)

= Missione 4 ¢ Istruzione e Ricerca
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NGC 4278: radio band (Giroletti+05)
individual com ponents properties NGC 4278 5 GHz August 2000 Modelfit components
i | | | | B | |
r 0 a P S5 GHz 88.4 GHz 20 — V —
Component (mas) (deg) (mas) bla (deg) (mly) (mly) «
1) (2 3) “4) %) (6) (7 ® © 15
O 0.00 0.0 0.99 0.48 —26.6 31.5 28.0 0.2
S e 2.57 162.0 1.65 0.36 76.4 7.5 3.0 1.8
ST e 8.51 142.8 7.39 0.50 —68.3 28.0 20.8 0.6 10 e =
N 1.96 —25.1 3.23 0.74 —-39.0 454 36.6 04
N2 18.46 —67.7 11.17 0.45 —-71.9 8.7 6.3 0.6

MillilARC SEC
o
I

L ) e Q_
individual components proper motions -5
Ar P % ;Happ Age -10 B SR
Component (mas) (deg) (mas yr—1) (Vapp/©) (yr)
(1) 2) 3) ) ) (6) -15 —
C e Reference
Y 0.45 + 0.14 148.7 0.088 =+ 0.027 0.020 + 0.006 29.1 £93 -20 —
) I 0.66 + 0.12 145.1 0.129 + 0.024 0.030 + 0.006 65.8 + 12.4
) T 1.21 + 0.09 —66.3 0.237 + 0.018 0.055 + 0.004 8.3 + 0.5 ' | | | ' ' ' |
1\ S 3.76 + 0.65 ~79.5 0.737 &+ 0.128 0.171 + 0.030 25.0 + 4.8 30 20 10 0 -10 -20 -30 -40

MilliARC SEC
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NGC 4278: X-ray band

Multiple X-ray emitting components in the host galaxy of NGC 4278
-> LMXBs, GCs, multi-temperature gas, etc. revealed by Chandra (excellent angular resolution) @rassington+09, Fabbiano+10, Peliegrini+12)

-> Essential to disentangle the central AGN contribution from other components when observed by telescopes with worse angular
resolution (e.g. Swift-XRT)

Fabbiano19
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NGC 4278: y=ray band (Bronzini et al. in prep)

Analysis setup
e Fermipy v1.2.0 and Fermitools v2.2.0

+ March 1st 2021 - October 1st 2022 (MJD = 59274 - 59853) B=\[=:1e)% Bt
Lmax [deg]
. 100 MeV - 1 TV INTERVAL /oo
00 Me (€ PSFO PSF1 PSF2

 |RFs P8_SOURCE_V3 and SOURCE event type

| N 90 — — 0.6 0.6
* Rol=15° (centered on the radio position of NGC 4278)
« 4FGL-DR4 catalog model 100 — 0.4 0.3 0.2
« NGC 4278 manually added (I"' = 2) 105 0.4 0.15 0.1 0.1
e Binned likelihood with 21 components 105 0.95 0.1 0.05 0.04
105 0.15 0.06 0.04 0.03
105 0.03 0.03 0.03 0.03

= Missione 4 ¢ Istruzione e Ricerca
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NGC 4278: TeV light-curve
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Why studying RL AGN

The vast majority of AGN in the local Universe shows low-luminosities (L; ; < 10*? erg/s) —> LLAGN ., oo

. Modest radio cores (L: 5, = 10772 W/H2) 5. 1000 and weak (P < 10** erg/s) pc-scale jets wezosrrieiors

* Radiative inefficient accretion flow (RIAF) gchimaru77, Narayanavies)

o X'ray faint (LZ—IOkeV d 1038 erg/S) (Ho 01)

* No LLAGN with pc scale jets was known to emit at VHE (>100 GeV) until
LHAASO pointed to NGC 4278 as a possible counterpart of 1LHAASO
J1 21 9+291 5 (de Menezes+20)

' ©OE. Bronzini
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