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What is interesting about CTA 102?
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Very strong -ray flares 

among the blazars!

γ

VLBA Map 43 GHz
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Marscher+2006

? ?

Q1. Location of the -ray emission region?γ

Max-Moerbeck+2014a

“Cross-correlation analysis” reveals the location of the -ray emission siteγ
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Q2. Physical mechanisms responsible for the -ray emission?γ

Böttcher+2012
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Marscher+2008

Possible scenarios

① Shock-shock interaction

② External Compton scattering
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Six -ray flaresγ
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* A dashed line in the -ray light curve means the criteria for a flare.γ
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• PSD( ) 


•  at all 

ν ∝ ν−β

β ≥ 1 ν

Power Spectral Density

(PSD)
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Probability Density Function 
(PDF)

• Gamma Distribution - Optical & -rays


• Log-Normal Distribution - Radio & X-rays

γ

Gamma Log-Normal
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Discrete Cross-correlation Function (DCF)

“Positive” time-lag 

➞ -rays leading opticalγ
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1st 10,000th
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●●●
Generate 10,000 DCFs
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Model implementation is described in Emmanoulopoulos+2013
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Model implementation is described in Emmanoulopoulos+2013

1σ
2σ
3σ

Significant!
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FRRSS Method by Peterson+1994
① DCFpeak

② tlag

①

②

* FR - Flux Randomization                                  
RSS - Random Subset Selection
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Radio - Radio Correlations
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Radio - -ray Correlationsγ
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Radio - -ray Correlationsγ
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 shifted by t tlag

383 d

723 d

* : Linear Pearson correlation coefficient 
Confidence level = 
rp

1 − pvalue
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To “cross-check” the consistency 
of DCF results …

Not sure the correlation between 
the radio(  GHz) - -rayν ≤ 37 γ
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Optical/X-ray - -ray Correlationsγ
Around “zero” time lag for the -ray - Optical emission!γ
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Flare 3Whole period        
Dec 2012 - Oct 2018
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Flux-Flux Relation 


 ⇨ 

FIC ∝ Fm
syn

FIC ∝ Fm
syn log FIC ∼ 1 × log Fsyn

-ray - Opticalγ

15th EVN Symposium & Users Meeting

External Compton scattering - Flare 3’s mechanism
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-ray Correlations: Flare 6γ
-ray shows significant correlations with other frequencies!γ
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Flare 3 Flare 6

Ejection of “new” jet components

Core

New ejected component “M4”
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MJD  - MJD 58121   ⇨   pc58140+14
−13 ≈ tlag,37−gamma dradio−γ−ray ∼ 3.29
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MJD 58121

MJD 58140+14
−13

Flare 6

 daystlag,37−gamma = 10 ± 7

 ~ 8-11 pc from the SMBH, based on the core-shift analysis (e.g., Kudryavtseva+2011)dradio

* SMBH: Supermassive Black Hole
 ~ 4-7 pc from the SMBHdγ−ray

Method is adopted from Pushkarev+2010

/2423



Summary
• The -ray emission from CTA 102 is “significantly” correlated with 

the emission at X-ray, optical, and mm-wavelengths during the 
period of Dec 2012 - Oct 2018.


• We are not sure that Flare 3 has radio counterparts, but infer a co-
spatial origin of Flare 3 and the optical emission, indicating the 
external Compton scattering origin for this flare.


• Flare 6 precedes ejection of a new jet component, suggesting that 
this flare is produced near the radio core.

γ
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Thank you for your attention!
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Algaba+2018a

1633+382
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Larionov+2016

Variability analysis
3C 279

Rani+2018

Jet kinematics
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Radio spectrum

Flaring 
Spectrum

Quiescent 
Spectrum

sub-mas (sub-pc)

⊕

Dominant Energy Source

S.-H. Kim+2022

The blazar CTA 102 - Our previous study
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Radio - -ray Correlations: Flare 2γ



 shifted by t tlag

44 d

* : Linear Pearson correlation coefficient 
Confidence level = 
rp

1 − pvalue
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-ray Correlations: Flare 6γ
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Flare 3 Flare 6
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