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NGC 1068: Seyfert 2 with wind + obscuring torus
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neutrinos and gamma rays from NGC 1068

- leeCube v, + v, Best Fit

Lamastra et al. 2016:4
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neutrinos: IceCube Co01.1910.08488
- ~3c excess from 2 independent methods, more results coming
- soft, TeV-range spectrum, vL,~10% erg/s (g,/1 TeV)3~

GeV v: exceeds starburst expectation -> AGN origin?
Yoast-Hull+ 14, Eichmann & Becker Tjus 16

TeV v: upper limits rule out low t,, environments
MAGIC Col. 19 3



neutrino + gamma from NGC 1068: AGN origin?
AGN wind kpc-scale ext. shock?
-> ruled out by TeV upper limits

hot coronal regions of accretion disks?
pp+py 1n compact regions
optically thick to y ‘9

~: Corona (Screen)

~: Corona (Uniform)
I IceCube
QO 4FGL
] 3FHL
MAGIC

A%

AN Tl
e @ i

disk g %72 gﬁ
Murase+ 2

1Ssues:

- acceleration in corona robust?

- origin of GeV vy rays?

- cascade at <<MeV? 4
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neutrino + gamma from NGC 1068: AGN origin?

AGN wind kpc-scale ext. shock?
-> ruled out by TeV upper limits

hot coronal regions of accretion disks?
pp+py 1n compact regions
optically thick to y ‘9

~: Corona (Screen)

~: Corona (Uniform)
I IceCube
QO 4FGL
] 3FHL
MAGIC
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accretion black hole ﬁ

Comptonized X rays
CR-induced cascade
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Energy [6V]
1ssues: -> this study:
- acceleration 1n corona robust? - shock accel. in winds
- origin of GeV vy rays? - Inner py + outer pp

- cascade at <<MeV? - evaluate down to radio 4



line-driven winds: successful vs failed cf. CAK75
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- high Ly > enhanced Praq fOr metal line transitions -> outflow

- high Ly >

inner R: overionization, p,,4 loss -> failed wind (v<v,,., fallback
outer R: shielding -> successful wind (v>v,,., mainly equatorial)

- failed winds expected for moderate/high M, inc. NGC 1068 ->

X-ray obscurers, BLR, soft X excess? Giustini & Proga 19
- outflow + fallback -> shock formation? high P? Sim+ 10 5



py v+y from inner regions of AGN winds
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py v+y from inner regions of AGN winds
inner failed winds -> “internal” shocks -> proton acceleration
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overlaid on Ramos Almeida+ 17



py v+y from inner regions of AGN winds
inner failed winds -> “internal” shocks -> proton acceleration
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py v+y from inner regions of AGN winds
inner failed winds -> “internal” shocks -> proton acceleration

p+y—N+ 0, n* Epe,~10"7eV>  E, ~1TeV:
=2y nfopfvoe*+3v E~005E g Ep~20TeV
yHy—ete + Ey ~7 keV
v : | ] Iog(&)
{’e““e +B/y—ete+y

O 3
= 507 | QSQ

overlaid on Ramos Almeida+ 17 6



py v+y from inner regions of AGN winds
inner failed winds -> “internal” shocks -> proton acceleration

p+y—N+ 0, n*

Iog(&)

y+y—>e+e'|
{’e“&e'+B/y—>e+e'+y

lonization
cone
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NB: primary electrons
not considered

main parameters:
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MM SED: NGC 1068

log e [eV] loge, [eV]
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MM SED: NGC 1068

log e [eV] loge, [eV]
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inner reglon (failed wind): timescales
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inner reglon (failed wind): timescales
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inner region (falled wind) py vs MM SED

log € [eV] log e, [eV]
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- v: reasonable wrt IceCube if L ,~10%* erg/s

- v: EM cascade (mostly pye™) con51stent wrt available MWL
vy attenuated by disk UV-X >~MeV but non-negligible ~<GeV
prominent at (keV-)MeV -> for future instruments 9



pp 7(+Vv) from AGN wind+torus interaction

outer successtul wind + torus impact c.f. Garcia-Burillo+ 19
-> external shock -> proton acceleration
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overlaid on Ramos Almeida+ 17 10



pp 7(+Vv) from AGN wind+torus interaction

outer successtul wind + torus impact c.f. Garcia-Burillo+ 19
-> external shock -> proton acceleration
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pp 7(+Vv) from AGN wind+torus interaction
outer successtul wind + torus impact c.f. Garcia-Burillo+ 19
-> external shock -> proton acceleration
PcrHPeas—N+ 10, 1+ 102y
YTevT/R—€"€

NB: primary electrons
not considered
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main parameters:
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MM SED: NGC 1068

log e [eV] loge, [eV]
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outer region (wind-torus) pp + inner p'fy VS MM SED
log € [eV] o
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- GeV: pp y-rays from wind-torus shock

- TeV: yy attenuated by torus IR
- potential contribution to radio
R=0.1 pc, n,=10° cm=, B,,=7 mG, L =2.6x10** erg/s 12

also e.g. Circinus
Fermi UFO sample?



inner (failed Win(lio)g PPQ GI]' outer (wind-torus) p
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- inner region (failed wind) py: TeV v, <GeV cascade
- outer region (wind-torus) pp: >GeV vy, GHz radio

13



summary
fact: AGN winds - fast, powerful, widespread, inc. NGC 1068

interpretation of v+y emission from NGC 1068

- p accel. in inner regions near BH <- failed line-driven wind

- assuming v<<v.., py neutrinos with soft TeV spectrum

- EM cascade yy attenuated >MeV but non-negligible <GeV

- p accel. in wind-torus interaction shock, pp at GeV v,
potentially radio -> to be explored

future tests and prospects
- cascade MeV, MM variability: v, <GeV y vs polarized opt/NIF
- other AGN (esp. unobscured) by IceCube-Gen2, CTA, etc

- contribution to diffuse v background

- unique 1info on AGN wind formation, €s

. obscured objects

arxXiv: 2207.02097
for submission to PRL
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inner region (fallﬁggs[uélvl]ld) py: dependence on R,v
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inner region (failed wind) py: dependence on B,n,

log € [eV] log e, [eV]
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- B[G]~510-1130 (g~0.1-0.5), ny~1-40 compatible

with IceCube data



importance of AGN winds
thermal, baryonic plasma; weakly collimated <-> rel. jets
1. Observed to exist, widespread (radio-quiet or radio-loud)
~<pc — blueshifted atomic absorption
X-ray UFOs / UV BAL: v>~0.1c, L;; ~<Lgqq, M~<M_y
X-ray WAs / UV NAL: v>~1000km/s
~<kpc — narrow emission line region (UV-IR): v>~1000km/s
>~kpc — molecular emission (CO, OH, etc.):
v~<1000 km/s, M~<100 Mg/yr, Li;~<Li

2. Plausibly expected from accretion disks via various
mechanisms (unlike jets): thermal, radiative, magnetic...

3. Likely important for collimating jets in radio-loud objects

4. May provide mechanical/thermal feedback onto host gas
-> observed BH scaling relations, star formation quenching

5. May be particle accelerators + nonthermal emitters
weakly beamed, quasi-isotropic 3



successful/failed winds vs accretion rate, BH mass
T Giustini & Proga 19

Low m ~ 10~* very weak disk
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- qualitative scenario assuming m scaling of thin disk+corona

- consistent with observed AGN SEDs, wind signatures

- robust failed winds at inner R for moderate to high m:
origin of BLR, X-ray obscurers (e.g. NGC 5548)?



failed winds in inner regions of NGC 1068?

Ark 564 weak CIV, large blueshift GillStiIli & PI'Oga 1 9

type 1 QSO
small Mpy 1Zw 1 A— -* -A DS 456 large Mpy
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- NGC 1068: log Mgy/M~7.2, m~0.5
-> failed winds in inner regions expected



multi-messenger variability correlation
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even better:
unobscured Seyfert 1

15



variability in unobscured Seyfert I with wind
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radio emission of radio-quiet AGN

(19

origin? star formation, winds, “jets”, disk coronae...
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Jet Outflow Star formation
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kpc-scale (“mini”’-)jet in NGC 1068

Maser emission

Thermal Wind
or Jet Cocoon?
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jet origin of protons?
potential challenges:
- high velocity

- limited power

Vier~0.06c¢ at ~60 pc
likely higher at base
< Clowa Bicknell+ 08

* Shock interface with
giant molecular cloud.

= * Synchrotron emission dominates
over thermal emission.

“failed jet” with
* Component S1 .
- * Thermal emission dominates. lower V, hlgher P

* Maser emission from parsec-scale

obscuring material. ncar BH?
no support so far

= Component S2

from theory or obs.
<-> failed wind



Circinus galaxy: next candidate?
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