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Quote 
Who, When, and Where?? 

 
 Variability timescales provide limits on the size 

of the emitting region “…unless there is 
relativistic bulk motion of the emitting material.” 
 

 “Among the most distressing observations that 
astronomers have made in recent years are 
those of the extremely rapid flux variations and 
apparent faster-than-light structural changes in 
an increasing number of compact extragalactic 
radio sources.”  
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Observations 
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Motivation 

 A small number of vRL NLSy1 galaxies  in the 
Yuan et al. (2008) sample have been 
identified as gamma sources with Fermi.    

 Are there more vRL NLSy1s that emit 
gamma-rays ? (Reminds one of the early days 
of BL Lac Object studies)  

 What are their properties?  

 Do they form another class of blazars? 
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Goals 

 Monitor the Yuan et al(2008) and Komossa et 
al(2006) sample of vRL NLSy1s (34) for optical 
flux and polarization variability. 

 Select candidates from the sample based 
upon blazar-like optical flux and polarization 
variations (including microvariability) . 

 How do the properties of the selected vRL 
NLS1s compare to those of blazars?  
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Gamma Ray Emission 

 Key element in demonstrating blazar-like 
character 

 Normally requires TS > 25,Eggen (2014), Eggen, 
Miller, Maune(2016) 

 Provisional identification with 9 < TS < 25;Eggen 
(2014),Eggen, Miller, Maune(2016) if also 
accompanied by the following properties: 
 Optical Variability (and microvariability) 

 Strong/variable optical polarization 

 Positional coincidence with strong radio source 



Sample collected from Yuan et al.(2008) 
and Komossa et al.(2006) 
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BL Lac 
Objects(BA): 
Strittmatter et 
al(1972) 
 Featureless opt. spect. 

 Non-thermal SED 

 Highly variable on all       
observed timescales       
and wavelengths 

 Polarized optical emission 

 Radio loud and many detected in gamma-rays 

Image: J1102+2239 
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What are Radio-Loud NLSy1? 

 Radio-Loud:  R ≥ 10 (where R = f1.4 GHz / f4400 Å)      
(Kellerman et al., 1989) 

 Very Radio Loud:  R ≥ 100   (Yuan et al., 2008) 

 NLS1 (Osterbrock & Pogge, 1985):  

 Disk-like Host Galaxy -> Spiral? 

 Low Mass SMBH, High Accretion Rate 

 FWHM(Hβ) ≤ 2000 km/s  

 Strong emission from Fe II (Goodrich, 1989) 

 Evidence  suggests that a subset of this class  
possess properties similar to those of blazars 



J0948+0022: Radio and  
Gamma-Ray Loud 

  

Image credit: Abdo et al. 2009a 



J0948+0022: SED 

Image credit: Abdo et al. 2009b 
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Hypothesis: vRL NLSy1s  
are blazar-like objects 

 Sample of 34 NLSy1s               
(Yuan et al, 2008)                    
(Komossa et al, 2006) 
 

 All are radio loud 
 

 Range of radio loudness     
log(R) = ~1.0 – 4.0 
 

 Objects should show            
blazar-like  flux and 

polarization variability. 

Hubble image of 1H 0323+342, 
one of the two closest objects 
in the sample. 



PMN J0948+0022 
(Eggen, Miller, Maune, ApJ,773,147,2013)  

 

 Rapid Variability of Optical Flux   

 Microvariability (discrete, rapid events) 

 Optical Polarization 

  Gamma Ray LC 
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J0948+0022: Microvariability 

Over 0.9 magnitude variation in less than one hour. 



PMN J0948+0022 
Flux doubling time = 4.39+/-0.19 hours 



PMN J0948+0022 
Flux halving time = 3.60+/-0.23 hours 

(Small event duration ~1.4 hours) 



PMN J0948+0022: Gamma Ray/ Optical Data 

  





PMN J0948+0022:  Orphan optical/IR flare?? 



J0948+0022: 
Summary 

 Extragalactic source 

 Double peaked SED 

 Radio loud 

 Variable Polarization 

 Detected at gamma-ray energies 

 Highly variable on all observed timescales and 
wavelengths 

 

Image: IRAS 20181-2244 



          J0849+5108 

J0849+5108: Optical Data 

J0849+5108: γ-ray Data 

Maune, Eggen , Miller et al 2014 

P = 12% 





Maune, Eggen, 
 Miller,et al., 2014 

  





J0849+5108: SED at various 
states 

Figure taken from D’Ammando 2012.   
Black triangles are new data from Maune et al. (2014) 
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1H 0323+342 

 Paliya et al. (MNRAS, 428, 2450,2013) 

 Microvariations  

 

 Paliya et al.(ApJ, 789, 143, 2014) 

 Microvariations 

 Rapid gamma-ray variability(3hr /3x-time) 
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Full Sample 

 Microvariations/DC 

 Polarization  Variations 

 Gamma Ray Detection 

 

 



RL-NLSy1s 

HBL Blazars LBL Blazars 

Number of Microvariability  
Events vs. Amplitude 

Figures from Miller and Noble, 1996 



Microvariability: Duty Cycles 
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Polarimetric Results – vRL NLS1 
Galaxies 



Conclusions 

 Some (but not all) radio-loud narrow line Seyfert 
1s show blazar-like optical variability 

 Radio loudness is a poor indicator 

 Gamma-ray detection is likely required for blazar-like 
variability. 
 

 Microvariability, DC  and polarization are 
consistently LBL-like when detected. 
 

 J0948+0022 variability suggests that source of 
optical emission is a extremely compact region. 

 



Sample from Yuan et al.(2008) 
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Best Candidate Objects 
 

 Gamma Ray (9<TS<25) 

 

 Optical Variability ( including microvariations) 

 

 Strong and Variable Optical Polarization 
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Best Future Gamma-Ray 
Candidates 

  

 J0100-0200 

 J0804+3853 

 J1102+2239 

 J1146+3236 

 IRAS 20182-2244 

(Foschini et al.(2016) recently confirmed 
1443+47*,1644+26, and 2314+22*) 
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Who is Alan Marscher? 

 Theorist? or Observational Astronomer?    

 Teacher? or Administrator? 

 Colleague? and Friend? 

 All of the above! 

 HAPPY BIRTHDAY ALAN!! 


