Modelling the June 2015 rapid flare of 3C279
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Abstract

Flat Spectrum Radio Quasars (FSRQs), a sub class of Blazars, are strong
emitters of electromagnetic radiation, with jets pointing close to our line
of sight, strong broad emission lines and a rapid variability ranging from
minutes to several hours. Quasar 3C279 is one of the most extensively
studied FSRQs. In June 2015 the source underwent a giant outburst with
a minute scale variability that was observed by Fermi Large Area Tele-
scope. In this project we investigate whether a one-zone proton synchro-
tron model could describe the origin of the observed GeV flare. Specifically
we examine whether a log-parabolic distribution of relativistic electrons
and protons could provide a better fit to the observational data of this flare
and also minimize the total power of the jet.

Model Assumptions

e We adopt the standard picture of the one zone hadronic radiation model,
according to which a spherical emitting region of radius R, contain-
ing a randomly orientated magnetic field of strength B, is moving with
Lorentz factor I'. We assume that in this region relativistic protons &
electrons are injected with a log-parabolic energy distribution

Y —bloglO(—
Qini = Qinjo ( ) IOt (1)
Ypeak
instead of the usual power-law.
e The radius of the source is inferred from the light crossing time ¢,,,
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where 0 is the Doppler factor of the source
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¥ the angle with our line of sight and 2 the redshift of the extragalactic
object. The observed minute-scale variability suggests a very compact
emitting source.

e Gamma rays are produced via proton synchrotron as well as via radia-
tion of secondaries resulting from photohadronic (p7) collisions. Target
photons for photopion and photopair interactions are those produced
from synchrotron emission of co-accelerated relativistic electrons.

e A flare is simulated from some low flux steady-state through a variation
of the proton and electron injection function in the form of a lorentzian
profile.
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Parameters Value

Ay]]jeak 106

/y;eak 101.25

b, 0.3

be 1.4

n 2.0

Wy 9 beross
We 9 beross
tO 100 tcross

Table 1: Particle injection parameters derived from the numerical modelling, (see equa-
tions 1, 4).

e Motivated by the idea of [5], we try fits with values of B and ¢ that mini-
mize the total jet power

P; =27 R T c (UZQ + Up) (5)

where U) is the proton energy density and Ujp is the magnetic energy
density in the fluid frame.

e We take into account absorption of gamma-rays both on soft synchrotron
photons inside the emitting region and on photons outside of it coming
from the Broad Line Region. For the latter we assume that the Broad

Line Region is spherical with radius Ry, = 2.7 10" em [3] and luminosity
Ly, = 6 10* Z4[2].
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Numerical Results

We calculate the time dependent spectra by using the numerical code of
Mastichiadis & Kirk [4]. The results, using the parameters from Tables 1
and 2, are shown in Figures 1, 2.
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Figure 1: The top left panel shows the ¢, < 5 min lightcurve calculated from our model

(red line). The blue points are observational data from Fermi LAT [1]. The other three

panels show different snapshots at various crossing times of the source, t¢rpss = R 1n-

=2
ternal photon photon absorption is taken into account. We find that a fit is achieved at

snapshot ¢t = 100%..
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Figure 2: The model light curve (purple curve) if external vy absorption is taken into ac-
count. In order to produce a better fit we try to get lower opacity of the Broad Line region
by increasing its radius. The different lightcurves produced are depicted. We find that
the absorption on soft photons is suppressed and an acceptable fit is achieved only when
the emitting source is outside the the Broad Line Region (R = 5 10'® cm).

Parameters Value
Doppler factor 9 56
Magnetic Field B (G) 500
Source Radius Ry, (cm) 4.4 10"

Magnetic energy density U, (£%) 9 10°

Proton energy density U, (£%) 3.5 10°
3.8 10"

Total jet power P; (=2)
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Table 2: Spectral fiting parameters that produce a fit after the injection of a Log Parabolic
particle distribution into the source. The value of total jet power is calculated greater than
the Eddington Luminosity of the SBH L4 = 5 1040 ¢4

sec’

Conclusions

We find that a log-parabolic distribution is preferred in this case over a
power law as produces a better fit to the observational data and it mini-
mizes the total jet power. In our scenarios the gamma rays should be pro-
duced at the outer edge of the Broad Line Region in order to prevent their
absorption on soft photons. Finally, the total jet power is calculated to be
about one order of magnitute greater than the Eddington Luminosity of
the source while the particles and magnetic fields are found to be in rough
equipartition.

References

1] M. Ackermann and et. al. AJL §24:120, 2016.

] A. Celotti, P. Padovani, and G. Ghisellini. MNRAS 286.2.415, April 1997.
] G. Ghisellini and F. Tavecchio. MNRAS 387.1669, July 2008.

] A. Mastichiadis and J. G. Kirk. A&A 1995A&A-295-613M, March 1995.

]| M. Petropoulou, K. Nalewajko, M. Hayashida, and A. Mastichiadis.
MNRAS 467L-16P, May 2017.

r Al r Al r Al r Al
[\ L [\ L

1 1
26 28




