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Gamma-Rays
Fermi-LAT observes the gamma-rays sky
– All sky survey in 2 orbits (~3 hours)
– 4 years of data released in their 3FGL catalog (Acero+15)
– Most of the sources are AGNs

Where does the high energy
flux come from?
– Poor Fermi resolution
– Only <50 sources show

extended structure (out
of >3000)

Synergy with other programs
– Multi-frequency analysis
– High-resolution VLBI

Hays+10



Gamma-Rays
Gamma-ray flares are common!

– Left: 4 years of observations
– Right: 10 weeks of activity in late 2011

Credit: NASA/DOE/Fermi LAT Collaboration



Gamma-Rays
What is the location of the gamma-ray flares?
– Downstream the jet
– Near to the central engine, around BLR
– (Both...?)

What is the cause of the gamma-ray flares in AGNs?
– Relativistic Jet of High Energy Plasma

– Doppler boosting of Synchrotron radiation

– Inverse Compton Scattering



iMOGABA
Key Science Project for KVN
– Interferometric Monitoring of Gamma-ray bright AGNs
– Milliarcsecond scales
– Monthly observations started on December 2012
– Sample of ~30 sources
– Simultaneous @ 22, 43, 86, 129 GHz

Synergy with other monitoring programs
– e.g., MOGABA, BU 43 GHz Monitoring, MOJAVE,…

Unique in its simultaneous high frequency observations

No other VLBI program above 43 GHz
– Excel to probe innermost, optically thin regions of AGNs

Science Case: Study the origin of Gamma-ray flares





1633+382
1633+382, Aka 4C 38.41
– OVV, HPQ Flat radio spectrum
– z=1.813, ~14 Gpc, 8.54 pc/mas
– Relatively bright in radio (Flux 2-4 Jy @15GHz)
– γ-ray bright source

Very popular source in various programs
– BU-VLBA, iMOGABA, SMA, OVRO,... 
– Observational synergy

Ideal target to study variability & γ-ray flares

Target of iMOGABA

Flared period between 2013-2015
– Observations and Data collection
– OVRO, iMOGABA, SMA, Optical, Swift, Fermi...

MOJAVE 15GHz

BU-43 GHz



Light Curve
Follow-up
– 2012 Mar – 2015 Aug

iMOGABA didn't observe all
– beginning of the flares
– Maintenance seasons

● Gaps covered by 
BU 43 GHz data

Multi-frequency comparison
– Correlation with other 

frequencies
– Other flares in high freq.

bands



Correlations
Time lags
– Radio - Radio correlations

● Compatible w/ zero time lag
● Possible trend? But too large

uncertainties
– Radio - Optical correlations

● Weak correlation
● If any, large time lag

– Radio - γ-rays correlation
● Significant time lag
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Correlations
Time lags
– Radio - Radio correlations

● Compatible w/ zero time lag
● Possible trend? But too large

uncertainties
– Radio - Optical correlations

● Weak correlation
● If any, large time lag

– Radio - γ-rays correlation
● Significant time lag

Indications of different emitting
regions at high energies / radio?
– Shock-in-jet model?



Shock-in-jet?
Structure analysis
– Jet components
– Core size

–

–

–

–

–

–

–

–

New VLBI component ejection near brightest γ-ray flares
– v(C2) = 9.4±0.8c
– v(C3) = 12.5±0.8c

Γ~12-14;  δ~19-21 for θ~2.5°, in agreement with Hovatta+09
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Turnover Frequency
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Relation between flux density and turnover frequency



Shock-in-jet?
Turnover Frequency
– IMOGABA (22, 43, 86, 129) + OVRO + SMA

Relation between flux density and turnover frequency
– In the Shock in jet model, three stages: Compton, Synchrotron, Adiabatic
– Data compatible with small-θ   syn followed by   adiab.



Shock-in-jet?
Magnetic Fields
– Synchrotron Self Absorption
– Equipartition

Characteristics
– Constant over the whole period
– BSSA << Beq

Implications
– B may not play an important role

in the flares/component ejection
– Flares associated with particle

dominated regions
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Conclusions
Remember the two questions raised at the beginning
– What is the location of  the gamma-ray flares?

● Pinpointed their origin at around 1pc from the central engine
– What is the cause of the gamma-ray flares?

● A new ejected component due to particle injection traveling through the jet

Question: Is it the same for all sources?
– More investigation needed
– MOGABA has a good sample of sources to investigate

● 1633+382 (Algaba+17)
● 0716+714 (J. W. Lee+17)
● 3C84 (Hodgson+16,17)
● BL Lac (D. W. Kim+17)
● M87 (J. W. Kim+17)
● ...and more to come!  



Thanks

Credits: Adapted from NASA/JPL-Caltech
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Image Credit: Bill Saxton NRAO/AUI/NSF

Walker et al (2008)

Zhou, Owen & Biretta



Active Galactic Nuclei
Quick summary of AGNs
– Compact region in the center of the galaxy
– Excess of luminosity that cannot com from stars
– Curtiss (1918) “A curious straight ray apparently connected with the nucleus...”

Some of the most energetic objects
– Power about > 10 41 erg/s

– Radiating at most bands from radio to γ-rays

Come in different flavors
– Radio Galaxies

● FR1, FR2

– Blazars (BL Lacs + Quasars) beamed counterparts of radio galaxies
● FSRQ: strong lines in optical spectra, prominent accretion disk signature, high

radio and bolometric luminosity (FR2 counterparts), “red” SEDs
● BLL: weak or no lines, radiatively inefficient accretion disk, low luminosity (FR1

counterparts), “blue” SEDs 



Active Galactic Nuclei

Urry & Padovani



iMOGABA
Spectral index
– Interferometric Monitoring of Gamma-ray bright AGNs
– Milliarcsecond scales



iMOGABA
Statistical Properties
– CLEAN flux



iMOGABA
Statistical Properties
– CLEAN flux
– Spectral index



Gamma-Rays
Fermi-LAT observes the gamma-rays sky
– All sky survey in 2 orbits (~3 hours)
– 4 years of data released in their 3FGL catalog (Acero+15)
– Most of the sources are AGN

Credit: NASA/DOE/Fermi LAT Collaboration 



Gamma-Rays
Fermi-LAT observes the gamma-rays sky
– All sky survey in 2 orbits (~3 hours)
– 4 years of data released in their 3FGL catalog (Acero+15)
– Most of the sources are AGN

Credit: NASA/DOE/Fermi LAT Collaboration 
and NRAO/AUI/MOJAVE Team/M. Kadler



Gamma-Rays
Gamma-ray flares are common!



1633+382



1633+382
BU VLBI 43 GHz

Sp=5.8 Jy/bm



Correlations



Shock-in-jet?
Structure analysis
– Jet components
– Core size

–

–

–

–

–

–

–

New VLBI component ejection near brightest γ-ray flares
– v(C2) = 9.4±0.8c
– v(C3) = 12.5±0.8c

Core size may show indications of physics also happening
– v(Core) ~ 7.8c

Γ~12-14;  δ~19-21 for θ~2.5°, in agreement with Hovatta+09





iMOGABA
Key Science Project for KVN
– Interferometric Monitoring of Gamma-ray bright AGNs
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iMOGABA
CLEAN flux
– Interferometric Monitoring of Gamma-ray bright AGNs
– Milliarcsecond scales

Lee,...,Algaba,+16



iMOGABA
Spectral index
– Interferometric Monitoring of Gamma-ray bright AGNs
– Milliarcsecond scales

Lee,...,Algaba,+16
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