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Optical and Gamma-ray Correlations
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Table 2. z-transformed Discrete Cross-Correlation Functions and time-lags from Phase | and II.
rzncr peak = 20 C.L.

Light-curves Phase | Phase Il Phase I:
* The gamma-ray leads the optical (T > 0).

fzocr T (days) YzpcF T (days) * 1 <1 day,i.e. near zero time-lags.
Gamma-ray/Optical V 0.61+0.14 0.65+0.11 0.86+0.07 -21.85+0.03 Phase II:

Gamma-ray/Optical R~ 0.720.18  0.82#0.14  0.8140.08 -14.82+0.09 * The gamma-ray lags the optical (T < 0).
* Two to three weeks delays (T).




Optical and Gamma-ray Correlations
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Table 3. z-transformed Discrete Cross-Correlation Functions and time-lags from Phase

Il and IV.
=1 : rznce peak = 30 C.L.
Light-curves Phase IlI Phase IV Phase IlI:

rzpce T (days) r2pCcF T (days) * The gamma-ray leads the optical (T > 0).

Gamma-ray/Optical B - - 091+0.05 3.12+0.11 * T ~ 0 day,i.e. near zero time-lags.
Phase IV:

Gamma-ray/Optical V' 0.94+0.03 0.23+0.02 - - «  The gamma-ray leads the optical (t > 0).
Gamma-ray/Optical R  0.94+0.03 0.23+0.02 0.85+0.07 3.73+0.05 * T~ 3 — 4 days,i.e. near zero time-lags.




The Gamma-ray Flux Temporal Profiling & Photon Energies
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Table 4. The gamma-ray flux temporal profiling & high energy
photons from the most rapid flares during Phases | — IV. Asymmetric flaring profiles.
Faster flux rise than decay times T, < Tf,

Phases | — Ill.
(days) (days) (hours) (GeV) Faster decay than rise times T, > T, Phases IV.

) o ) -
0.16+0.02 1.18+0.07 2.66+0.33 56.00 Intra-day variability (!DY), i.e.ty < 24 hours.
t, are comparable within error (20).

0.36+0.15 0.6140.16 599+2.50  41.6| High energy photons.
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. Abdo, A. et al. (2010), ‘Gamma-ray light curves and

0.2940.12 0.15x0.08 4.82+2.00 99.76 variability —of bright fermi- detected blazars’, The
Astrophysical Journal 722(1), 520




Relativistic Beaming

Assuming the optical depth of a high energy photon with
energy € = Ey/mec2 to interact with a low energy photon in

photon-photon absorption is T(¢) = |, we determined the
minimum Doppler factors [/]:

ordi(1+ 2)*fxe e
At gmoct

o7 is the Thomson scattering cross-section.
d, is the luminosity distance.
z is the cosmological redshift.

* fyis the X-ray flux at € = EY/mECZ.

I. Paliya, V. S. (2015), ‘Fermi-large area telescope observations of the exceptional gamma-ray flare from 3c 279 in
2015 june’, The Astrophysical Journal Letters 808(2), L48

Emission Region: Size & Location

By assuming the geometry of the emission regions
to be spherical, we can determine their radii (r) and
distances (R) relative to the SMBH [/]:

= +2) ©

2. Rani et al, B. (2013), ‘Radio to gamma-ray variability study of blazar s5 0716+714’, Astronomy
& Astrophysics 552, Al |
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Table 5. The minimum Doppler factors, the emission region radii and distances from
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Phases |, lll and IV have similar relativistic beaming
8., within error (20).
Consistent radii r (within |0o) for all phases.

R is comparable with the size of the BLR, i.e., Rgg; ~
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Gamma-ray Spectral Energy
Distributions (SEDs)
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Table 6. Broken Power-law (BPL) likelihood fit parameters. ) < B <
2 Ot
10—5 - \‘\\\\
1.35+0.41 0.964+0.13 1.95+0.03 2.541+0.06

1.1140.26 0.70+0.08 1.95+0.03 2.43+0.03 12 100 10t 108

E [MeV]
0.09+0.04 1.47+0.03 2.04+0.03 2.66+0.11
* The spectra is hard below E, ., and softens above E,_,,.
3.05+0.66 1.7710.19 1.9610.01  2.62+0.06 * Phases have comparable spectral parameters.

* T.is the same within 20 error.

E, o cOMparable within 30 error.




Discussion: Emission from 3C 279 Variable Phase

Near zero time-lags implies that the flares were produced co-spatially by a single
population of non-thermal particles.
* The emission were produced in similar emission regions, located at similar distances
from the SMBH, i.e., near the outer
edges of the BLR.

> 95.4500 % C.L.
> 99.7300 % C.L.
> 99.9958 % C.L.

w
o

* Previous studies estimate external Compton cooling times in the range 7 — 27 minutes,
significantly shorter than our decay times [ !, ’].

N
o

Photon Energy (GeV)
—
o

' ' . ' : 57825 57830 57835 57840 57845 57850 57855
* The flux rise and fall times suggest the emission were produced through interactions Time (MJD)

with standing shocks within the jet:

* The faster rise (T,) than decay time are consistent with the rapid injection of
accelerated electrons in the emission regions at the shock front.

* The slower decay (T;) can be attributed to a combination of a continued injection
of accelerated electrons and radiative cooling as the emission region propagates
beyond the shock (Phases I, Il & lI).

e The slower rise than decay observed in Phase IV could be attributed to a slow
injection rate of accelerated electrons (T,), followed by continued injection and
efficient electron cooling (T).

[. Paliya, V. S. (2015), ‘Fermi-large area telescope observations of the exceptional gamma-ray flare from 3c 279
in 2015 june’, The Astrophysical Journal Letters 808(2), L48.
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