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Any way the wind blows
does really matter to me...




importance of AGN winds
thermal, baryonic plasma; weakly collimated <-> rel. jets

1. Observed to exist, widespread (radio-quiet + radio-loud)

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

3. May be 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 <->rel. jets
- kpc-scale external shocks (wind + host galaxy gas)
- subpc-scale “internal” shocks



AGN winds: subkpc - fast, highly ionized winds
UV/optical/NIR emission/absorption lines -> tew 1000 km/s
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Data/model

AGN winds: observations
subpc: >~Kpc:
ultra-fast outflows (UFQOs) massive molecular outflows
- blue-shifted X-ray CO, OH etc. emission

absorption lines -> v~100-1000 km/s,
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Nuclear reflection
cone (HST/FOC)
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... Optical galaxy

Obscuring torus ?

(VLBA) [

] Radio jet
1(MERLIN)




GeV gamma rays from NGC 1068: starburst?

Fermi-LAT sample of “starburst”+normal galaxies
SFR (M@yr'1)
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GeV )y rays from NGC 1068 dlfﬁcultles as starburst
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high-energy neutrinos from NGC 1068?
IceCube 10-yr time-integrated source search 1910.08488
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with NGC 1068
- 2.90 excess at position of NGC 1068 in source catalog search



wind external s
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- hard pp i component

expected
- hint from Fermi-LAT?



wind external shock model for NGC 1068 TeV ULs
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v + GeV y backgrounds from AGN wind ext. shocks’
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v+ GeVy backgrounds from AGN wind ext. shocks
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- Max <30% of EGRB

- Large contribution to DvB >100 TeV possible if I'(x~2.0-2.1



v+ GeVy backgrounds from AGN wind ext. shocks
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- detection of few LAT sources, e.g. NGC 1068

- no clear correlation of IC neutrinos with known AGN winds
Few nearby sources detectable with IceCube-Gen2



py v (+y) from near-nucleus regions in AGN winds?

potential particle acceleration via:
- internal shocks caused by highly variable wind ejection
(observational evidence + theoretical support)

- Interaction shocks with external or internal clouds/stars

py interactions with nuclear radiation ;. s \
- neutrinos ~<10 PeV / \
- cascade ~<MeV-GeV \
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summary neutrinos + y-rays from AGN-driven winds

fact: widespread existence of powerful, fast or ultrafast
baryonic(ionic) outflows in AGN, independent of rel. jets

wind external shocks
- external shocks potential site of particle acceleration and
nonthermal emission

- neutrino + y-rays from NGC 1068 by pp processes’?
-> strongly constrained by TeV upper limits

- neutrino and y-ray background by pp processes?
-> dominant contribution unlikely, except >100 TeV neutrinos

wind internal regions
- potentially interesting contribution to IceCube neutrinos
consistent with y-ray constraints - work 1n progress!

- testable with future neutrino+ y-ray observations
of nearby Seyferts



summary neutrinos + y-rays from AGN-driven winds

fact: widespread existence of powerful, fast or ultrafast
baryonic(ionic) outflows in AGN, independent of rel. jets

wind external shocks
- external shocks potential site of particle acceleration and
nonthermal emission

- neutrino + y-rays from NGC 1068 by pp processes’?
-> strongly constrained by TeV upper limits

- neutrino and y-ray background by pp processes?

-> dominant contribution unlikely, excep eutrinos
wind internal regions
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Consist‘ The answer, myfl”iend,

is blowin’ in the wind... }
- testable v ion swivae mvwaaso oy ol

of nearby Seyferts



