
Photo-Hadronically Produced 
Neutrinos from TXS 0506+056?

Markus Böttcher
North-West University

Potchefstroom
South Africa

Sara Buson (GSFC + University of Wuerzburg)
Anita Reimer (University of Innsbruck)
Haocheng Zhang (Purdue University)

Supported by the South African Research Chairs Initiative (SARChI) of the Department of Science 
and Technology and the National Research Foundation of South Africa. 



Spectral Energy Distribution 
of TXS 0506+056

FX ~ 10-12 erg/(cm2 s)

IC 170922A 
limits



Photo-pion production - Energetics

p-γ threshold:                                                 ~ 1017 eV Et,eV
-1

At threshold: in center-of-momentum (c.m.) frame: all particles at rest

⇒ Eν
p ~ 1/3 (mπ – mµ – me) c2 ~  107 eV (in p rest frame)

⇒ Eν
’ = Eν/δ ~ 107 γ’p eV  (in emission-region rest frame)

⇒ To produce IceCube neutrinos (~ 100 TeV → Eν = 1014 E14 eV):

Need protons with               E’p ~ 1015 E14 δ1
-1 eV

and target photons with     E’t ~ 170 E14
-1 δ1 eV

=> Not UHECRs!

=> X-rays!



Photo-pion production - Energetics
• Protons with              E’p ~ 1015 E14 δ1

-1 eV

⇒ γ’p ~ γ’e ~ 106 E14 δ1
-1 ≡ γ6

⇒ Proton synchrotron at   
νpsy ~ 2×1018 γ6

2 B2 δ1 Hz (~ 10 keV)

⇒ Secondary electron synchrotron at 
νesy ~ 4×1021 γ6

2 B2 δ1 Hz       (~ 20 MeV)

⇒ Protons producing IceCube neutrinos will not 
produce γ-rays through proton synchrotron or 
secondary-electron synchrotron!



Photo-pion production - Energetics
• Protons with              E’p ~ 1015 E14 δ1

-1 eV

⇒ γ’p ~ γ’e ~ γπ ~ 106 E14 δ1
-1 ≡ γ6

γ-ray production through:

a) π0 decay:  νπ0 ~ 1.7×1029 δ1 γ6 Hz     (~ 700 TeV)

b) secondary-electron Inverse-Compton:  
νIC ≤ 1027 δ1 γ6 Hz     (~ 5 TeV) 

For IC: Need an intense IR – optical target photon field with
u’ph >> u’B ~ 400 B2

2 erg/cm3



Photo-pion production –
Origin of Target Photons

To produce IceCube neutrinos (~ 100 TeV → Eν = 1014 E14 eV):

Need protons with               E’p ~ 1015 E14 δ1
-1 eV

and target photons with     E’t ~ 170 E14
-1 δ1 eV

=> Not UHECRs!

=> X-rays!

(At least) two possible scenarios:

a) Target photons co-moving 
with the emission region

⇒ Et
obs ~ 1.7 E14

-1 δ1
2/(1+z) keV

⇒ Observed as X-rays

b) Target photons stationary 
in the AGN frame

⇒ Et
obs ~ 17 E14

-1/(1+z) eV

⇒ Observed as UV
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Photo-pion production –
Origin of Target Photons

Constrain target photon luminosity and required proton 
power from 

• observed neutrino luminosity 
(L’ν ~ 1.7×1042 δ1

-4 erg/s for 2014 – 15 neutrino flare)

• limit on observed UV / X-ray flux 
(Fx ~ 10-12 erg cm-2 s-1 for TXS 0506+056)
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a) Co-moving target photon field

Photo-pion production –
Origin of Target Photons

u’t < 9×10-4 R16
-2 δ1

-4 erg cm-3

Ekin, p > 3×1059 Γ1 R16
2 erg

tpγ
obs ~ 106 R16

2 δ1
3 yr

⇒ Extremely radiatively inefficient!

Lp,kin ~ 6×1051 R16
2 Γ1 δ1 B2

2 γ6 erg/s

⇒ Unrealistically large kinetic power;
requires very low B-field (B < 1 G) to suppress 

proton synchrotron below X-ray flux limit



b) Stationary target photon field

Photo-pion production –
Origin of Target Photons

u’t < 100 Γ1
2 Rt,17

-2 erg cm-3

Ekin, p > 3×1054 δ1
-4 Γ1

-1 Rt,17
2 erg

tpγ
obs ~ 90 Γ1

-2 R16
2 yr

⇒ Radiatively inefficient, p-sy dominated!

Lp,kin ~ 6×1046 Γ1
-1 δ1

-3 B2
2 γ6 erg/s

Can suppress p-sy below UV/X-ray limit for B ~ 10 G.
⇒ Plausible!

⇒ Might require stationary UV / soft X-ray target 
photon field external to the jet!



Constraints from Cascades

• MC codes including Photo-Meson + Bethe-Heitler
pair production (SOPHIA – Mücke et al. 2000)

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

• Steady-state, linear cascades



Cascades: Secondary Particle 
Production Spectra

• Target photons: nph(ε) ~ ε−α, εmin = 10 keV, εmax = 60 keV, α = 1
• Proton spectrum: np (E) ~ E-αp, Emax = 30 PeV, αp = 2.0

Bethe-Heitler

Photo-
Meson



Synchrotron Supported Cascades

• Also ruled out by Fermi-LAT data and X-ray flux
=> No correlation between neutrinos and γ-rays!

log10(τγγ
max)



Summary
• Production of IceCube neutrinos requires

• Protons of ~ PeV energies (not UHECRs!)
• Target photons of co-moving UV / X-ray energies

• IceCube 170922A / TXS 0506+056 strongly favours
UV / soft X-ray target photon field external to the 
jet

• No correlation between γ-ray and neutrino activity 
expected
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IC170922A

• 290 TeV Neutrino (>183 TeV)
• signalness of the event ~50% 



TXS 0506+056

IC170922A
 IBL at z = 0.34 (Paiano et al. 2018)

 Extended (few months) γ-ray flare in 
2017



IceCube Neutrino Flare 2014 -2 015



Compton Supported Pair Cascades

• Fermi-LAT Flux can not be reproduced 
=> No correlation between neutrinos and γ-rays! 

log10(τγγ
max)
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