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Introduction

Credits: Urry & Padovani 1995

Emission Mechanisms

• Thermal:
• Accretion Disk

• Non thermal:
• Synchrotron
• Inverse Compton
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Introduction

Inverse Compton Scattering
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Motivation

The γ-ray emission zone remains an open issue:

• Near the black hole (< 1 pc)

• Far from the black hole, into the jet.

EGRET Location of γ-ray emission zone

Fermi-LAT Multiwavelength Campaigns
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Motivation

Where do the seed photons 
come from?

Credits: Urry & Padovani 1995

Broad Line 
Region

Accretion 
Disk

Dusty 
Torus

Jet 
Synchrotron

Bloom & Marscher (1996)

Sikora et al. (1994)
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Multiwavelength Analysis

0.1-300 GeV - Fermi

Popt (%) - Steward

UV cont. - Steward,OAGH

V band - Steward, SMARTS

J band - OAGH, SMARTS

1mm- SMA
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Patiño-Álvarez et al. (in preparation)
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Multiwavelength Analysis

Origin of UV/Optical/NIR Emission

• U V t o N I R S i m u l t a n e o u s 
Variability

• UV - 1mm correlation (suggest 
non-thermal emission)

• This tells us that the emission 
from UV to NIR has a non-thermal 
origin

Patiño-Álvarez et al. (in preparation)
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Variability

Variability detected at 
P ~ 10-31

γ-rays photon index

– 19 –

declines from ∼25% to ∼10% over ∼100 days, remains constant at ∼10% for ∼75 days then

rises to ∼20% over ∼50 days. The PA of polarization exhibits a swing from ∼ 40◦ to ∼ 60◦

followed by a drop to ∼ 30◦ over ∼50 days.

We also obtained the gamma-ray SED for each of these activity periods using the

likeSED package from the Fermi user-contributed software. For each of the activity periods,

we fit 3C 279 spectra as a power law of the form

dN

dE
= N0

�
E

E0

�γ

(7)

where N0 is the prefactor, γ is the gamma-ray spectral index, and E0 is the energy

scale. The parameters obtained from this analysis are found in Table 3.

The variability of the gamma-ray spectral index can be tested by fitting a constant

value to the calculated spectral indices over the 7 periods. Under the assumption that the

gamma-ray spectral index can be represented by a constant value, the best fit shows a

value of χ2 = 91.9. Taking into account the degrees of freedom of the fit (Ndof = 6), the

probability of getting this χ2 value by chance (estimated with python routine CHISQPROB

of SCIPY library) is P < 1 × 10−16. Such a small probability corresponds to a variability

signal of over 8-sigma, thus allowing us to reject the hypothesis that the gamma-ray spectral

index did not vary over the last six years.

5.1. Orphan Flares

As we can see from Fig 1, most of the flares we detect in λ3000Å continuum emission,

optical V band and infrared bands J, H and K, have a counterpart in gamma-rays, however,

the two optical and infrared flares that occur during the activity period E, did not have a

4500 5000 5500 6000 6500 7000
Time (JD - 2450000)

2

2.5

3

G
am

m
a-

Ra
y 

Sp
ec

tra
l I

nd
ex

• Fermi Light curve with power law.

• Run variability test on γ-rays 
p h o t o n i n d e x . S i g n i f i c a n t 
variability was found.

Patiño-Álvarez et al. (in preparation)
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Multiwavelength Analysis: Period A
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• Cross Correlation shows a delay 
between γ-rays - UV continuum

• A delay consistent with 0 is in 
agreement with the predictions from 
SSC models. (e.g. Tavecchio, 
Maraschi, & Ghisellini, 1998)

• This tells us that the emission from 
UV to NIR has a non-thermal origin

Patiño-Álvarez et al. (in preparation)



3C 279 as a High Energy Astrophysics Laboratory
13

Multiwavelength Analysis: Period B
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Patiño-Álvarez et al. (in preparation)

• High levels of polarization.

• Highest levels of 1mm emission of 
our entire time range.

• Prominent flares in the UV, optical 
and NIR continuum.

• Probable ejection of a component 
from the radio core.

Lorentz Factor (Γ):

22.5 - 37.2 Dermer et al. (2014)

20.9 Hovatta et al. (2009)

Only precedent: Chatterjee et al. 2013
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Multiwavelength Analysis: Period C
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-67.8 ± 2.4 days

~24 days

Removing the shadowed parts γ-rays
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Work in Progress

The Astrophysical Journal Letters, 762:L25 (4pp), 2013 January 10 Punsly

3C 279 MgII Emision Line at 3 Epochs
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Figure 2. Comparison of Mg ii λ2798 profiles in velocity space at three different epochs that are spread over 18 years.

Table 1
Mg ii Emission Line and Optical Continuum Properties

Epoch L(Mg ii) L(Mg ii)red
L(Mg ii)blue

Red A25–80 6500 Å Flux Density Continuum
(1043 erg s−1) Excess (erg cm−2 s−1 Å−1) Polarization

1992 1.78 ± 0.31 2.34 ± 0.58 0.40 ± 0.07 0.55 ± 0.12 1.32 × 10−15 . . .

2009 0.96 ± 0.28 1.56 ± 0.48 0.22 ± 0.05 0.24 ± 0.13 8.44 × 10−16 10.1%–21.1%
2010 0.96 ± 0.15 1.47 ± 0.26 0.19 ± 0.03 0.27 ± 0.07 2.92 × 10−16 1.4%–2.9%

imaginary line connecting a point defined at one-fourth of the
peak flux density of the BEL on the red side of the BEL to
one-fourth of the peak flux density on the blue side of the BEL,
λ25, and a similar midpoint defined at eight-tenths of the flux
density maximum, λ80, as

A25–80 = λ25 − λ80

FWHM
. (1)

A positive value of A25–80 means that there is excess flux in the
red broad wing of the BEL. A negative value of A25–80 indicates
a blueward asymmetry of the BEL. In order to calculate A25–80
in the presence of the random noise that is superimposed on
the line profiles in Figure 2, one can proceed as in Wills et al.
(1995). Using the continuum fit described in the last section, the
lines are fit by two or three Gaussians profiles that interpolate
between the fluctuations of the random noise. The values for
each epoch are listed in Column 5 of Table 1.

The errors associated with estimating A25–80 arise primarily
from the uncertainty in λ25 since the signal-to-noise ratio is
the smallest in the broad wings. The error in each quantity
in Equation (1) was individually estimated and the results were
added in quadrature. The error in λ25, for example, was achieved
by approximating the region near the one-fourth maximum point
of the line profile by the composite Gaussian fit. The error in
λ25 was determined to be the slope of this composite Gaussian
fit (∂λ/∂Fλ) at the one-fourth maximum point times the rms
noise level. This naturally produces larger errors in A25–80 for

epochs with very broad wings, i.e., the more horizontal the
spectrum in the wings, the larger the slope (∂λ/∂Fλ) will be.
These uncertainties are listed in Column 5 of Table 1.

The line luminosities in Table 1 are computed using the
Galactic extinction from Schlafly & Finkbeiner (2011) as posted
in the NASA Extragalactic Database and a cosmological model
defined by H0 = 70 km s−1 Mpc−1, ΩΛ = 0.7, and Ωm = 0.3.
The first thing to note is that the 2009 and 2010 line profiles
are virtually identical in Figure 2 and Table 1 even though the
optical polarization is an order of magnitude larger in 2009. The
line was decomposed into two empirical components, a blue
side (with negative velocity in Figure 2) and a red side based
on a redshift, z = 0.5356. Column 2 of Table 1 is the total
line luminosity, L(Mg ii), and Column 3 is the ratio of red side
luminosity, L(Mg ii)red, to the blue side luminosity, L(Mg ii)blue.
Column 4 is the red excess that is defined by reflecting the blue
side about the zero velocity axis and computing the red residuals.
This quantity is then normalized by L(Mg ii),

Red Excess ≡ L(Mg ii) − 2L(Mg ii)blue

L(Mg ii)
. (2)

The next column is the asymmetry parameter, A25–80, defined
in Equation (1). The last two columns depict the strength and
polarization of the optical continuum.

The errors in Column 2 of Table 1 represent the luminosity of
the rms of the residuals (noise level) to the composite Gaussian
fit that is obtained by integrating the residual luminosity over the

3

Emission Line Variability

Punsly (2013)

3C 279
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Work in Progress

Steward Observatory OAGH
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Work In Progress
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Summary

• UV continuum V band and NIR emission are simultaneous and 
co-spatial.

• Continuum from UV to NIR is dominated by non-thermal 
emission.

• During Period A the delay between the γ-rays emission and the 
UV continuum is consistent with 0. This supports a synchrotron 
self-Compton scenario.

• During Period B there is an anomalous emission period, where 
there are flares in all the bands that we analyze, with exception 
of the γ-rays. We propose an scenario of γ-rays absorption by 
pair production.

• Period C shows a possible External Compton Scenario.
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 3C 454.3: Multiwavelength data
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 Flux evolution of MgII 2800 Å
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 Flux evolution of MgII 2800 Å
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 Response of MgII  and Fe II to non-thermal continuum

León-Tavares, Chavushyan, Patiño-Álvarez, ApJL, 763L, 36
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