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Introduction ‘s ~ AGN Taxonomy

low power high power

BL Lac FSRQ

radio-loud (RL) AGN

Seyfert 2

dusty absorber
accretion disc
electron plasma
black hole
broad line region
narrow line region

<
Seyfert 1
\ Credit: Beckmann & Shrader (2012).

radio-quiet (RQ) AGN
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Inverse Compton Scattering




Intr()ducti()n | . Emission Mechanisms

Where do the seed photons
come from?

Bloom & Marscher (1996)

Jet
Synchrotron

Broad Line
Region
~

Y. . ...0

Accretion Disk | < Sikora et al. (1994)
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Multiwavelength Data 3C 279 | Multiwavelength Light Curves
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‘Cross-Correlation Analysis" e g s on Tieeults

* Interpolation Method (ICCF, Gaskell & Sparke 1986).
* Discrete Cross-Correlation Function (DCCF, Edelson & Krolik 1988).

e /Z-Transformed Discrete Correlation Function (ZDCF, Alexander 1997).

Bands Full Time-Range  Period A  Period B Period C

J-band vs. H-band 0.0x22.3 -0.3+24.6 -4.2+21.7 0.0+5.4
J-band vs. K-band -0.14+3.2 0.94+3.2 -0.3+3.6 1.0x1.5
3000 A vs. V-band 0.042.0 0.04+2.1 0.04+2.1 0.041.2

3000 A vs. J-band 0.242.7 -0.242.6 0.043.2 0.04+1.3
V-band vs. J-band 0.042.7 -0.14+2.6 0.843.2 0.04+1.3
3000 A vs. Gamma-Rays — -0.74+5.0 — 28.6+4.8
X-rays vs. Gamma-Rays -0.85%5.8 — — 1.3£3.0

- . —
—— L - s

Spearman rank correlation test shows strong and significant correlation |

between 1Tmm and UV continuum.



Full Time | o Multiwavelength Light Curves
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Multiwavelength Light Curves

2008 2009

w
o
(]
=
S
=]
=
5]
o
X
o]
=
o
'»n
(“l
(]
=
S
on
=
5]
vy
=)
=
X
Z
o]
=
=
59
—
>
2
g
=

Flux

2010 2011 2012 2013 2014

Fermi - 0.1-300 GeV

Steward -'Polarized AA5000-7000

. ;n‘%‘

r‘ ) ‘s" ‘l :
: !

Steward, OAGH - A3000 A ”

| ¥
g\&, ml’ .’f (‘s‘
Steward, SMARTS - V Band o‘
4
. W' :

OAGH, SMARTS - J Band

¢

f \
&. ° ¢
A

SMA - Imm

5500 6000
Time (JD - 2450000)

Simultaneous variability from
UV to NIR implies co-spatiallity.

Significant and strong
correlation found betwe.enthe
UV & 1Tmm suggests that UV-

f Optlcal NIR are is domlnated by

non- thermal emission

(ynchrotron).

AnOmaious flaring period (fro'm
UV to mm) with no counterpart

In the y-rays.

. .
1



Full Time | - .o o Multiwavel.ength Light Curves
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PeriOd A 8 2 Multiwavelength Light Curves
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'Pe"l""‘i()d . T - . Multiwavelength Variability

' CrOse-COrreIation analysis between y-rays and UV continuum shows a

~ delay of -0.7 £ 5.0 days Consistent with zero delay.

o "Zero delay implies that the seed photon productlon zone Is co- spatLaI

with the Uuv synchrotron emrssmn zone. | | e ;j-'f"' 2 | |
This.points to a-~dominance of Sync-hrotron Self C;empto‘n‘f' |

Hadronlc models cannot repr’oduce tlght correlatlons between optlcal

and y-rays.
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'Pe"li'."i'()dC . - . Multiwavelength Variability

. Cross Correlation AnaIyS|s between the y- rays and the UV contlnuum
| shows a delay of 28.6 +4.8 days. - ‘

e ThIS delay implies that the photon seed productlon zone IS not co- sp'at|ai
| W|th the synchrotron em|SS|on Zone. - RS

be completely determlned jUSt* by th|s result.

. This pomts o a domlnance of External Inverse Compton but it cannot :
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X-Rays S ._ " E 4 : | Emission Mechaniems

C Thermal - I'nrier.aooretion disk (mostly soft X-rays)"
o EaS|Iy dlscarded as domlnant by the duratlon of flares..
: --° Synchrotron et - e »
. Should-be correlated to th:e re's't of the synchrotron ¥
v |nverse Compton Jet or Hot Corona f 5

. Laok of oorrelatlon between 1mm (domlnated by synohrotron) and X-
e 3 . | : : B
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'Pe'i'-i()dB e R T . Multiwavelength Variability

I\/Iultiple flares observed in UV and Iohger wave.Ieh-g‘thls.

No y-rays counterpart to any of these flares.

Polarization levels 'and 1 mm res_pohse further 's.upporti.h'igh jet activity.

We propose ga-mma ray absorptlon due to eIectron p03|tron pa|r o
productlon to explaln the Iack of gamma counterparts e
‘This can be brought about by an mcrement in theLorentz faotor of the ;

emitting particles.
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Patifio-Alvarez et al. 2018, MNRAS, 479, 2037-2064



'LOWer Limit toT

- _Emission Processes

Electrons that produce gamma-rays tipically emit synchrotron between NIR-
UV. 4

Electrons that emit at radio frequencies, are not the same ones that emit
optical frequencies, therefore, have different Lorentz factor. |

3 vaIues of apparent veI00|t|es measured by the MOJAVE collaboratlon (prlor |

to ourstudy) T

Lorentz factor caIcuIated W|th these measurements are bulk Lorentz factor it

does not represent that of the individual particles.

After conversion, we obtain a lower limit to theLo'rentz factor ~ 58 for the

optical emitting electrons (and therefore, gamma_—ray'emitters). This scenario is

plausible for 3C 279.




‘Summary 2 3C 279

~* We found, for the first time, observational evidence that the dominant gamma-

ray emission mechanism changes with time.

 This leaves open the question if the location of the gamma-ray emission zone

' also changes with time. (spoiler: it does)

’ . » We carried an analytical study that proves gamma-ray absorption is possible
through electron-positron pair p,rbduction, at high Lorentz factors.

T PR Ty
v

A .
. » _

20



