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the central engine for typical jet opening angles. As is usually
found for (lepto-)hadronic models, the required jet power is
relatively high and largely dominated by that in protons.
Solutions in the proton-synchrotron scenario are generally
less demanding in this respect, and one can find parameter
sets likely corresponding to sub-Eddington luminosity. It is
important to underline that our solutions are characterized
by αp,1 = 2.0 and γp,min = 1, and are thus conservative in
terms of the total power in hadrons. A lower luminosity can
be achieved if γp,min ≥ 1 or αp,1 ≤ 2.0. Lower luminosities
can also be achieved if the photons that serve as targets for
p-γ interactions originate outside the jet (see Ahnen et al.
2018).

The two scenarios should in principle be distinguishable
with future variability studies of this source. While the lepto-
hadronic scenario predicts a strong correlation between the
low-energy and high-energy spectral bumps, as in any SSC
scenario, the proton-synchrotron scenario would imply de-
lays between variations in the two components due to the
different acceleration and cooling time scales. A delay is also
expected between the hard X-ray component and the high-
energy peak flux in the lepto-hadronic solutions. In both
scenarios, the time-averaged SED during the high state of
the source is well reproduced by the model, while a rapid
flux increase over a few nights, potentially seen in the VHE
band, would require time-dependent modelling. The station-
ary solutions presented here are however consistent with a
variability time scale of one day.

In the proton-synchrotron scenario, protons can reach
a maximum Lorentz factor of 109, close to the highest ob-
served energies of ultra-high-energy cosmic rays, when tak-
ing into account Doppler boosting. Maximum proton ener-
gies are low by a factor of ten in the lepto-hadronic scenario,
but the proton density is much higher.

4 CONCLUSIONS

After introducing a few simplifying constraints based on
general physical considerations, we have explored the full
parameter space of the lepto-hadronic one-zone model for
the spectral energy distribution of the 2017 high state
of TXS0506+056. Good solutions can be found with the
proton-synchrotron and mixed lepto-hadronic scenarios in
restricted parameter regions. While the proton-synchrotron
solutions are strongly disfavoured if the Ice Cube event
179022A has its origin in the source, lepto-hadronic solu-
tions can account for this event, while being relatively more
demanding in terms of the jet power. If a second neutrino
was detected from this source, this strongly favour the lepto-
hadronic scenario, while the absence of any future neutrino
detections could be used to put constraints on the acceptable
parameter space for both scenarios.
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Table 1. Parameters used for the hadronic models

Proton-synchrotron Lepto-hadronic

z 0.337 0.337
δ 35 − 50 30 − 50

R [1016 cm] 0.1 − 9.7 0.2 − 1.5
⋆τobs [days] 0.01 − 1.0 0.02 − 0.3

B 0.8 − 32 0.13 − 0.65
⋆uB [erg cm−3] 0.02 − 0.16 6.5 × 10−4 − 0.017

γe,min 500 500

γe,break = γe,min = γe,max

γe,max [104] 0.6 − 1.0 0.8 − 1.7

αe,1 = αp,1 2.0 2.0

αe,2 = αp,2 3.0 3.0

Ke [cm−3] 6.3 − 9.1 × 103 9.5 × 103 − 2.6 × 105

⋆ue [10−5 erg cm−3] 0.4 − 15.1 2.2 × 103 − 43 × 103

γp,min 1 1
γp,break[109] = γp,max = γp,max

γp,max[109] 0.4 − 2.5 0.06 − 0.2

η 20 − 50 10

Kp [cm−3] 10.4 − 2.0 × 104 3.5 × 103 − 6.6 × 104

⋆up [erg cm−3] 0.7 − 45 100 − 1400

⋆up/uB 1.0 − 89 3.9 × 104 − 79 × 104

⋆L [1046 erg s−1] 0.8 − 170 35 − 350

⋆ν [year−1] 5.7 × 10−3 − 0.2 0.11 − 3.0
⋆ν183−4300TeV [year−1] 2.4 × 10−5 − 1.7 × 10−3 0.008 − 0.11

The luminosity of the emitting region has been calculated as
L = 2πR2cΓ2

bulk
(uB + ue + up ), where Γbulk = δ/2, and uB , ue,

and up , the energy densities of the magnetic field, the electrons,
and the protons, respectively. The quantities flagged with a star

(⋆) are derived quantities, and not model parameters.

References

Acero F., et al., 2015, ApJS, 218, 23
Aharonian F. A., 2000, New Astron., 5, 377
Ahnen et al. 2018, in press in ApJL
Cerruti M., Zech A., Boisson C., Inoue S., 2015, MNRAS, 448, 910
Cerruti M., Benbow W., Chen X., Dumm J. P., Fortson L. F.,

Shahinyan K., 2017, A&A, 606, A68
Ice Cube Collaboration et al. 2018, in press in Science
Kadler M., et al., 2016, Nature Physics, 12, 807
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- ハドロン放射成分（陽子シンクロトロンなど）卓越の場合は棄却
- SSC放射卓越（+陽子カスケード寄与）の場合は説明可能だが、
  Lp~1048 erg/s, γe,min~500など、比較的極端なパラメータが必要
- ジェット外部種光子 (jet-sheath構造、RIAFなど) を考慮した方が好都合
- IceCube点源探査上限の考慮も必要（調査中）


