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Quasar Movie Project 

Photometry: 

• 140 individual light curves 
• 26 combined light curves 
 from radio to gamma-rays  
 with time sampling: 1-36 days 

VLBI: 

• 18 epochs, 2010-2012 
• 5, 8, 15, 24, 43, 86 GHz 

Photometry: 

• 140 individual light curves 
• 26 combined light curves 
 from radio to gamma-rays  
 with time sampling: 1-36 days 

Polarimetry: 

• 9 optical polarization curves 
• 5 mm, cm polarization curves 

3C 279 

Kiehlmann et al., 2016, A&A, 590, A10  

Preliminary results 

 



DR. SEBASTIAN KIEHLMANN, DIPL.-PHYS. 
METSÄHOVI RADIO OBSERVATORY 2  

Photometry data  
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Photometry data 

1. Power spectral density (PSD) estimation 
 Characterize the light curve variability 

2. Cross-correlation analysis 
 Physical connection and time lags of emission processes  
 at different bands 
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Power Spectral Density (PSD) estimation of the light curve variability 

 

Assumption: red noise process 𝑃𝑃(𝜐𝜐) ∝ 𝜐𝜐−𝛽𝛽 

Method: Uttley et al., 2002 
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PSD analysis  
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PSD analysis  



DR. SEBASTIAN KIEHLMANN, DIPL.-PHYS. 
METSÄHOVI RADIO OBSERVATORY 6  

Cross-correlation analysis: Radio PSDs and time lags 

Radio PSDs and time lags: 
Lower frequency – larger emission region 
• Synchrotron Self-Absorption (SSA): 
 Fuhrmann et al., 2014, based on VLBI core shift 
 𝜏𝜏 = 𝐴𝐴 + 𝐵𝐵 ∙ 𝜈𝜈−1/𝑘𝑘𝑟𝑟  
 Consistent with self-absorbed, conical jet in equipartition (𝑘𝑘𝑟𝑟 = 1) 

→ 𝑘𝑘𝑟𝑟 = 1.3 ± 0.2 
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Cross-correlation analysis: x-ray vs. mm 

X-ray vs. 1 mm variability correlation: 

 



DR. SEBASTIAN KIEHLMANN, DIPL.-PHYS. 
METSÄHOVI RADIO OBSERVATORY 8  

Cross-correlation analysis: x-ray vs. mm 

Short term X-ray vs. 1 mm variability correlation: 
Light curves de-trended with a Hann window of 300 days width 

Time lag   𝜏𝜏 = −6 ± 11 days   with significance 1 
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Cross-correlation analysis: x-ray vs. mm 

𝜐𝜐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ~ 2.8 ∙ 106 ∙ 𝐵𝐵 G  
𝜐𝜐𝐼𝐼𝐼𝐼
𝜐𝜐𝑠𝑠𝑠𝑠

 

𝐵𝐵 ~ 1 G 

(Hartman et al., 2001) 

 𝝊𝝊𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔 ~ 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 Hz 
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Cross-correlation analysis: V-band 

V-band vs. low frequencies: 

21 mm 8 mm 1 mm 0.87 mm 
V lagging: 60−61+28 d 255−47+30 d 270−63+30 d 250−100+45  d 
Significance: 0.94 0.98 0.99 0.99 

V-band vs. X-rays: 

 



DR. SEBASTIAN KIEHLMANN, DIPL.-PHYS. 
METSÄHOVI RADIO OBSERVATORY 1 1  

Cross-correlation analysis: gamma-rays 

Gamma-ray correlations: 

Gamma-ray vs. V-band 

Time lag   𝜏𝜏 = +1−15+20 d 

with significance 1 
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Light curve analysis: gamma-ray correlations 

Period A: 
• V-band, X-rays, γ-rays potentially correlated with zero time lag 
• V-band, X-rays, γ-rays located at mm-VLBI-core? 
• γ-rays through inverse Compton (IC) scattering 
 

𝜐𝜐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ~ 2.8 ∙ 106 ∙ 𝐵𝐵 G  
𝜐𝜐𝐼𝐼𝐼𝐼
𝜐𝜐𝑠𝑠𝑠𝑠

 

 𝝊𝝊𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔 ~ 𝟏𝟏𝟏𝟏𝟏𝟏𝟒𝟒 Hz 
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Cross-correlation analysis: gamma-rays 

Gamma-ray correlations: 

Gamma-ray vs. V-band 
time lag   𝜏𝜏 = −251−17+16 d 

with significance 0.89 
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Summary 

Photometry data of 3C 279 
Extremely well-sampled in time and frequency 

Power spectral densities and cross-correlation analysis of 26 light curves 

→ X-rays: 
• Partially at mm-VLBI-core 
• Synchrotron self-Compton (SSC) 
• Multiple emission sites? 

→ Gamma-rays: 
• At mm-VLBI-core? 
• External Compton – Dust Torus 

→ V-band : 
• Changing and  
• Extreme time lag?! 
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