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Main aims of AGN studies

\ Blazar
\ Seyfert

(no jet)

e Blazar (~0.1% of AGNSs)

o Jet property

e Radio galaxy (~10% of AGNSs)

Black Hole~__ " Age o - e Link between accretion and jet

| « Seyfert (~90% of AGNs)

Accretion Disk 4 .
e Accretion process

imaginary picture of AGN See Vovk's talk for the cosmological aspect



Jetted AGN Science
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Non-thermal emission from radio to gamma
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Luminous blazars tend to have lower peak
energies (Fossati+'98, Kubo+'98, Donato+'01, Ghisellini+'17)
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BL Lacs
emissions up to VHE/TeV

Multi-Wavelength Blazar Spectra

Radio to Gamma-ray (and even neutrino) data is available now
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Why Gamma-ray for Blazars?
Energetic, Variable, nghest energy
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e Energetic

e Dominated by gamma-ray
e \ariable

e >X10 variability
e Highest energy

e Energy frontier in photons



Blazar Gamma-ray Emission Mechanism
Leptonic? Hadronic?

Jet axis

. . Line of
e Leptonic scenario 0 séugm ‘5
; arth

e Synchrotron Self-Compton (SSC)

e Jones, O'Dell, & Stein '74; Maraschi, Ghisellini, o 8
& Celotti '92 Synchrotrﬁ --;‘iff'.."*y-ray

photon %=

e External Compton (EC)

Ambient . Proton-induced
. . . photon or A Shock cascade
e Dermer & Schlickeiser '93; Sikora, Begelman, & synchrotron S JFFray
Rees ‘94 P
. . - Shock
e Hadronic scenario BRI e - Compton
scattering
e Proton synchrotron, Photomeson

¢ Mannheim '93: Aharonian '‘O0; Mucke &
Protheroe ‘O1

Buckley ‘98



Smoking Gun Event: TXS 0506+056

Discovery of the first ever neutrino associated blazar
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Theoretical Interpretation

Hard X-ray Constralns Hadronic Component
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e Pure hadronic model is ruled out because too much X-rays

e Hadronic component is subdominant .g. keivani+“18;Cerruti+18;6a0+18,,.,).

e Hard X-ray and MeV gamma-ray data will be also important.
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Where is the Gamma-ray Emission Region?

Toward the understanding of the energy dissipation process

NLR
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Blazar Emission Region?

>PC region??? . . .
P 9 Gaia - VLBI Distance Fermi GeV Spectrum
e (Gaia (optical) emission 200 Plavin. Kovalev. Petrov ‘19 L B
locates ~20-50 pc away 100 N _
from the VLBI (radio) 50 W :
core ? (Plavin, Kovalev, Petrov '19) :5; 50 i 10
T} 5
e Lack of broad-line 2 10 s -
region photon 5 C
attenuation signature in o
2 20626 sources ; i L~
Gev? T I1 | H”mllo | |”m1'c|)o -
(Costamante+'18) —30 0 20 180 270 Eest-trame LG€V]
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Spectral determination by LST will pin down the emission region.



Blazar Emission Region? :. Sol+'13

<pc region???
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e Fast variabilities ~200 s
(Aharonian+'0/, Albert+'08)
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e \ery compact emitting region?
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e Jet-Star interaction emitting biobs

(Khangulyan+'13)?

Giannios+'09

Photon statistics by LST will probe the smallest scale in the jet



Gamma-ray Emission from Large-Scale Jets
Spatial Extension of Cen A Seen by Fermi and H.E.S.S.

, Centaurus A Radio Source
"¢ Australian VLBI Network

D =3.4 Mpc; 1 mas=0.02pc

Tty

-------
...........

Abdo+'10



Gamma-ray Emission from Large-Scale Jets

Spatial Extension of Cen A Seen by Fermi and H.E.S.S.
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Unusual Spectral Hardening in the Cen A Spectrum

LST/MST mapping would help us to understand jet kinematics.
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e Sahakyan+'13
e Spectral hardening by the kpc jet?

e Diffuse jet should be weakly

magnetized 77, ~ 10~ (Sudoh,
Khangulyan, & Y| '20)



Unjetted AGN Science




| Multi-wavelength spectrum of Unjetted AGNs

Thermal emission dominates.

cm/mm MIR-NIR Soft X-ray  Gamma

e |f unjetted AGNs are

Radio Sub-mm/FIR Optical-UV Hard X-ray gamma_ray/neutrin() sources

Cor

Disk e we should see non-thermal EM

emission.

e BUT, inunjetted AGNSs,

loguFv (relative)

e thermal emission is everything
- - Accretion disc

Hot corona "so far”.
Reflection

...................... - "Soft excess"
Dusty torus

Non thermal radio e Where is nhon-thermal signature?

10 12 14 16 18 20
logv (Hz)  Hickox & Alexander+'16
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cm-mm spectrum of AGN core

A case of IC 4329A
102 § T T T T T T T 11 | §
i ATCA -
L ALMA _
§ IC 4329A §
L ase / X
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Tota] me— ) //
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10° 10 102
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e Hybrid (thermal + non-thermal) corona
model (Y| & Doi '14)

e Non-thermal electron fraction
e 0.03 (fixed)

e Consistent with the MeV gamma-ray

background spectrum
(Yl Totani, & Ueda '08; YI+'19)

e Non-thermal photon index: 2.9
@ Size: 40 I's
e B-field strength: 10 G



High energy emission from AGN coronae

Multi-messenger Signhature: MeV Gamma-ray & TeV Neutrinos
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e MeV emission
e but no GeV emission

e Protons would be
accelerated simultaneously

e (Generation of high
energy neutrinos

e See also Begelman+'90;
Stecker+'91, '92, '05, "13;
Kalashev+'15; Murase+'20;
Gutiérrez +'21: Kheirandish+'21



Evidence for neutrino emission from NGC 1068

T 10g10 (plocal)
| 3 5 1

Declination

' :
.g
— 10g;(Procal) =
a
At the NGC 1068 location:
Astrophysical neutrino events = 79%58 Grid 0.0Q).OT

Spectral index = 3.2 + 0.2
L 43 42 41 40 39 38
Global significance 4.20 Right Ascension [deg]

November 3, 2022 Elisa Resconi | lceCube Collaboration 19



NGC 1068: a cosmic obscured accelerator

THIS WORK

—14
10 (see also Muller & Romero
100 103 106 '20, Eichmann+'22)
Energy [GeV] (1) Y. Inoue et al., ApJL'20

(2) K. Murase et al., PRL’20

November 3, 2022 Elisa Resconi | IceCube Collaboration 24



How can we test the model?

ALMA? ngVLA? FORCE? COSI-X? GRAMS? AMEGO? CTA? IceCube-Gen2? KM3Net? XRISM?
mm-band MeV & TeV v X-ray
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We see GeV-TeV gamma rays from NGC 1068

Simultaneous obs. of ALMA, Fermi, CTA, & lceCube will be the key

10°-

v: Corona

 Corona (screen) e \We can not expect GeV-TeV

s IceCube

O 4L gamma from AGN corona

_J 3FHL

GRAMS

e because of internal yy
attenuation

o GeV - TeV gamma rays should be
from outside of corona

e starburst activity or disk wind
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Energy [eV] o
Y|, Khangulyan, & Doi, ‘20
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AGN Failed Wind? (S. Inoue+'22)

Interaction between Accretion Flows and Disk Winds
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Reconnection Driven Flare (Takasao Flare) ?

A possible scenario for the radio galaxy IC 310 flare event?

Stage 1 Stage 2 Stage 3
of Bofields | oftheimerdisk  (removal of B-fields) e 3D MHD simulation reveals a large
\ BN reconnection flare for protostars
) > \\\7 >) (Takasao+'19)
/
e |ater, confirmed for SMBH systems
— (Porth+'21)

Accretion

Takasao +'19

e Rough energetics estimate
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Probing Magnetically-Arrested Disks (MAD) by CTA ?

Gamma-ray emission from MAD in nearby radio galaxies

m=10"3,M=10°M,

m— Total == s Proton synchrotron VY pairs
== = Thermal electrons ==« Bethe-Heitler pairs == = Primary electrons

Jet Production 43
42

41

40

log(ELg,)erg s™]

39432101234567891011121314

log(E,)[eV] .
Kuze+'22
urbulence

Magnetosphere e MAD accumulates B-field for jet launch (e.g.,
Narayan+'03)
o RIAF-type MAD may produce hadronic signatures
(Kimura & Toma '20; Kuze+'22)
Kimura & Toma 20

e How to discriminate from jet / wind / corona ?



Probing MAD by XRISM and Athena

Zeeman Splitting Effect on the Fe Ka Line

Zeeman Splitting vs. Magnetic Field for Rb-87 102 i
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e MAD will split the Fe Ka line. Mass m (Mpy/Meg)
Yl in prep.



Summary

e Gamma-ray production processes in blazars are well understood now.
e Leptonic dominant & hadronic sub-dominant for the TXS 0506+056 case
e Low-energy threshold, Large collection area, Fast slewing capability of LST will probe
e Energy dissipation region in the jet
e Jet energy distribution process in a galaxy
e Origin of high-energy emission in unjetted AGNs

e Disk accretion dynamics through reconnection process



