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Spectral Energy Distribution
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The Neutrino Flare from TXS 0506+056
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Photo-pion production - Energetics

4
p-y threshold:  Ej" = "2 C (1 + = )"' 10Y eV E, *
At A* resonance:
S = E’IO E’ (1- Bp’ u) "~ E’IO E’.~ E,\ 2 =(1232 MeV)?

and E',~0.05E',

— To produce IceCube neutrinos (~ 100 TeV — E, = 104 E,, eV):
(i.,e., E', =10 E,, 8,1 TeV)

-
Need protons with E’,~200E,;,0," TeV  =>PeVCRs

and target photons with  E’.~ 1.6 E;,1 &, keV => X-rays
\.
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total cross section

The py Efticiency Problem

 Efficiency for protons to undergo py interaction ~ T, =N Ro,n
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= Photons at E, ~ GeV —TeV are heavily absorbed!
—> Cascade emission at lower energies.



Constraints from Cascades

1) Find mimimum target photon fields + proton spectra to produce
IceCube neutrino flux from TXS 0506+056 neutrino flare.
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* Target photons: n,(g) ~ €%, ¢, =10 keV, g, =60 keV,a =1
* Proton spectrum: n, (E) ~ E*p, E ., =30 PeV, o, =2.0
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Constraints from Cascades

2) Target photon field => yy absorption optical depth Ty

3) Simulate pair cascades initiated by secondary y-rays and
electrons/positrons

e MC codes including Photo-Meson + Bethe-Heitler pair
production (SOPHIA — Miicke et al. 2000)

e Pair cascades with Matrix Multiplication Method (Protheroe
& Johnson 1996)

e Steady-state, linear cascades



Svnchrotron Supported Cascades
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Ruled out by MWL spectra
(over-predicting either Fermi-LAT or X-ray / radio fluxes)




Svnchrotron Supported Cascades
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(with proton-synchrotron)

Expected proton-synchrotron grossly over-
predicts X-ray flux!
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Compton Supported Cascades
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In principle, allowed by MWL spectra:
Significantly below observed fluxes
=> No neutrino — y-ray correlation expected!




Photo-pion production —
Origin of Target Photons

To produce IceCube neutrinos (~ 100 TeV — E , = 10 E,, eV):

( )
Need protons with E’)~200E,, 6, TeV =>Not UHECRs!

and target photons with  E’.~ 1.6 E;,1 5, keV  => X-rays!
G J

(At least) two possible scenarios:

a) Target photons co-moving b) Target photons stationary in
with the emission region the AGN frame
—E°P~ 16 E,, 7t 0,%/(1+2) keV —E" ~ 160 E, Y/ (1+2) eV

—> Observed as hard X-rays —> Observed as UV / soft X-rays
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Photo-pion production —
Origin of Target Photons

Constrain target photon luminosity and required proton
power from

e observed neutrino luminosity
(L', ~ 1.7%x10% §;* erg/s for 2014 — 15 neutrino flare)

e |imit on observed UV / X-ray flux
(F,~ 101% erg cm s for TXS 0506+056) Liin.
2
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Photo-pion production —
Origin of Target Photons

a) Co-moving target photon field

X-ray flux limit => u’, < 9%x104 R,2 5, erg cm™
—> Synchrotron-supported cascades (already ruled out)

L win ™ 1.6X10>* Ryg I';,% erg/s

—> Unrealistically large kinetic power;
requires very low B-field (B < 1 G) to suppress proton
synchrotron below X-ray flux limit

=> Ruled out!



Photo-pion production —
Origin of Target Photons

b) Stationary target photon field

From UV / X-ray flux: u’, <100 I'}* R, ;" erg cm™
— Compton dominated cascades for B << 100 G

Lo in ™ 1.5%10% 8, R, 1, Rig ™ erg/s

Plausibly below Eddington limit.
Can suppress p-sy below UV/X-ray limit for B~ 10 G.
= Plausible!
—> Stationary UV / soft X-ray target photon field
external to the jet is plausible!



Photo-pion production —
Origin of Target Photons

Possible sources of external UV / soft X-ray target photons:

Log Energy [eV
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e BLR (?) — Padovani et al. (2019)
(arXiv:1901.06998)
e Slow-moving sheath 2,
(Tavecchio & Ghisellini 2005)
e Accretion flow (RIAF)
(Righi et al.: 1807.10506)
-> Seems to favour LBLs as
neutrino sources
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Photo-pion production —
Origin of Target Photons

Possible sources of external UV / soft X-ray target photons:

e Jet-Jet interaction / Self-interaction of strongly bent jet?

Synchrotron photon field of jet | = py target for neutrino
production in jet II?

Clean I map. Array: BFHELMMOPS
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: o — (Britzen et al., 2018, MNRAS, submitted) — see next talk.



Ssummary

e Production of IceCube neutrinos requires
e Protons of ~ PeV energies
e Target photons of co-moving UV / X-ray energies

* No correlation between y-ray and neutrino activity
necessarily expected

e |ceCube 170922A / TXS 0506+056 strongly favours
* leptonically-dominated y-ray emission
e UV / soft X-ray target photon field external to the jet
(possibly due to jet-jet / jet self-interaction)

Reimer, Bottcher & Buson, 2018, ApJ, in press (arXiv:1812.05654)
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