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Photo-pion production - Energetics

4
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p-y threshold: £, E, * o 10~ eV E, oy

At threshold: in center-of-momentum (c.m.) frame: all particles at rest
= EP~1/3(m,—m,—-m)c*~ 10’eV  (in p rest frame)

—E, =E/3~10" Y, eV (in emission-region rest frame)
— To produce IceCube neutrinos (~ 100 TeV — E, = 10* E, eV):

4 D
Need protons with E')~ 10" Ey, 0,1 eV => Not UHECRs!

and target photons with  E’,~170E,,* 9, eV => X-rays!
. y,




Photo-pion production - Energetics

* Protons with E’,~ 10" E;, 8, eV

=YY" 10°E;, 0,1 =y

—> Proton synchrotron at
Vpsy ~ 2%10'8 v, B, 8, Hz  (~ 10 keV)

—> Secondary electron synchrotron at
Vesy ~ 4x10%1y.2B, 0, Hz  (~ 20 MeV)

—> Protons producing IceCube neutrinos will not
produce y-rays through proton synchrotron or
secondary-electron synchrotron!



Photo-pion production - Energetics
* Protons with E'’,~ 10" E;, 0, eV

=YY e Y™ 10°E4 6,7 =76

v-ray production through:

a) ¥ decay: v_,~ 1.7x10%°5,y.Hz (~ 700 TeV)

b) secondary-electron Inverse-Compton:
Vic£10% 6, 7,Hz (~5TeV)

For IC: Need an intense IR — optical target photon field with
'y, >> U’ ~ 400 B, erg/cm?



Photo-pion production —
Origin of Target Photons

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

( )
Need protons with E’)~ 10" Ey, 0, eV =>Not UHECRs!

and target photons with  E’.~170E,,15,eV  => X-rays!
G J

(At least) two possible scenarios:

a) Target photons co-moving b) Target photons stationary
with the emission region in the AGN frame
—E°Ps~ 1.7 E;y 1 8,%/(1+2) keV —ECPs~ 17 E,, Y/ (1+2) eV

= Observed as X-rays —> Observed as UV
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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)
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Photo-pion production —
Origin of Target Photons

a) Co-moving target photon field

u’, < 9104 R 8,4 erg cm™
Ein o > 3%10°°T'; Ry¢% erg

t,,°%° ~ 10° Ryg% 0,3 yr
= Extremely radiatively inefficient!

[ Lo iin ~ 6%10°1 Ryg” I'y 81 By? g €rg/s J

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



Photo-pion production —
Origin of Target Photons

b) Stationary target photon field

u',<100I';*R,,,* ergcm?
Eyin o > 3%10°* 6, I'; 'R, 1,° erg

t,, 2%~ 90 '} 2Ry yr
—> Radiatively inefficient, p-sy dominated!

[ L in ~ 6X10% ', 8,7 B,* yg 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 — Miicke et al. 2000)

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

e Steady-state, linear cascades



Cascades: Secondary Particle
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Synchrotron Supported Cascades
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e Also ruled out by Fermi-LAT data and X-ray flux

=> No correlation between neutrinos and y-rays!



Ssummary

e Production of IceCube neutrinos requires
e Protons of ~ PeV energies (not UHECRs!)
e Target photons of co-moving UV / X-ray energies

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

* No correlation between y-ray and neutrino activity
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TXS 0506+056

= |BLatz=0.34(Paiano et al. 2018)

* Extended (few months) y-ray flare in

2017
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lceCube Neutrino Flare 2014 -2 015

2012.5 2013.0 2013.5 2014.0 2014.5 2015.0 E:
_,5 Bl I ----- I 2 2 2 2 = 0 3 3 2 2 3 B 2 2 2 2 0 2 3 2 2 3 | ,2[] Hﬂ.ﬂ
'_-';D | Best Fit: Box , I 10 \":"
f;_ = =  Best Fit: Gaussian ;N 5 E
— ! \ =
= 3= , \ A
M o5 ' 05 <
= ! =
" =
— 0.1 2
56200 56400 56600 56800 57000 E'd

MJD

6.0 T

4.5 - 6.69°

5.69°

-logqaip)

E* T [10 TeV cm—2]
Declination

4.69°

78.36° 77.36° 76.36°

Right Ascension



Compton Supported Palr Cascades
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e Fermi-LAT Flux can not be reproduced

=> No correlation between neutrinos and y-rays!
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