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STORM Collaborators
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International collaboration with 150+ co-authors



Goals and Project Components
✦ Carry out a detailed study of the BLR in NGC 5548 over a wide 

wavelength range 
• Obtain high-quality velocity-delay maps for multiple emission lines 

• Improve our understanding of the BLR—continuum relationship 

✦ Simultaneous multi-wavelength monitoring 

• UV spectroscopy: Hubble Space Telescope (HST) 

• UV/X-ray photometry: Swift 

• Optical photometry: Swift, LCOGT, MLO, WMO, etc. 

• Optical spectroscopy: MDM, APO, Asiago, Lick, WIRO
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Data Papers
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De Rosa et al. 2015 
(HST data)

Edelson et al. 2015 
(Swift data)

Fausnaugh et al. 2016 
(Ground-based photometry)

Optical spectroscopy: Pei et al, submitted 

Also Goad et al. 2016, Starkey et al. submitted



Observations and Reductions



Spectroscopic Dataset
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Asiago mean spectrum



Optical Spectroscopy Light Curves
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Mean and RMS

✦ Both Hβ and He II are 
highly variable 

✦ The two broad lines are 
heavily blended together 

✦ He II is very weak in the 
mean spectrum
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Spectral Decomposition
✦ De-blend broad lines 

• Enable measurement of He II 
flux 

✦ More accurately remove the 
continuum 

✦ Fitting routine: 
✦ Sixth order Gauss-Hermite 

functions for [O III], broad and 
narrow Hβ 

✦ He II λ4686 width constrained 
to within 3 Å of the He II λ1640 
width from the nearest HST 
epoch
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Barth+ 2015 (method)
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Light-Curve Decorrelation
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Lag Analysis



ICCF and JAVELIN
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De Rosa+ 2015

Fausnaugh+ 2016
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Lags w.r.t 1158 Å continuum Lags w.r.t 5100 Å continuum 

Pei et al. submitted



Hβ UV & Optical Lags

15

✦ RM usually uses the 
optical continuum as 
proxy for the ionizing 
continuum 

✦ Shorter lag ⇒ RBLR 
underestimated by 50%! 

✦ What about the BH mass?

MBH = f
cτσ2

G
,RBLR = cτ

The Hβ—UV lag is 1.5 
times longer


than the Hβ—optical lag 



Implications of UV & Optical Lags

✦ Is τUV/τopt constant for all AGNs?  

• Yes ➙ MBH values aren’t affected since virial 
products are calibrated to quiescent galaxy MBH − σ✫ 
relation, so ⟨f⟩ absorbed this constant shift. 

• No ➙ the slope or even shape of the RBLR — LAGN 
can change. This would affect all single-epoch BH 
masses! 

✦ Directly affects velocity-delay maps and dynamical 
models obtained using only optical data
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Velocity-Resolved Hβ Analysis
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Anomalous Emission-Line Variability
✦ A fundamental assumption of RM is that the line 

light curve is a smoothed, scaled, and shifted 
version of the continuum light curve

Goad et al., 2016

Fundamental assumption 
breaks down in this campaign!
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Anomalous Emission-Line Variability
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Anomalous Emission-Line Variability
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✦ The anomaly is velocity-
dependent 

✦ Some scenarios 
suggested by Goad+ 
2016 

• Shielding material 

• Change in SED 

✦ Further investigation 
required!



Single-Object RBLR − LAGN Relation
✦ The Hβ lag was 

unexpectedly short given its 
luminosity during the 
campaign 

✦ Similar findings by Lu+ 
2016 and recent 
campaigns 

✦ Explanations: 

• Partially obscured BLR 
backside (Peterson) 

• Continuum probes only 
inner part of BLR (Goad & 
Korista 2014) 21



Major Results
✦ We measured optical emission-line lags for NGC 5548 w.r.t. 

simultaneous UV and optical continua 
• Using optical continuum as proxy for driving continuum 

systematically results in smaller RBLR; BH masses may be affected 

✦ We measured velocity-resolved lags for Hβ; double-peaked 
lag profile similar to C IV and Ly α 

✦ Optical emission line light curves show same anomalous 
behavior as UV lines, and the Hβ response during the 
anomaly is time-dependent 

✦ Given the AGN’s luminosity, the Hβ lag is a factor of 5 shorter 
than expected from its previous RBLR − LAGN relation
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Lots of puzzles, what’s next?
✦ Velocity-delay maps and dynamical modeling of 

UV and optical lines (Keith’s talk, Pancoast+) 

✦ More detailed velocity-resolved studies of the 
BLR anomaly (Goad+) 

✦ Future campaigns 

• More simultaneous UV and optical RM monitoring 

• More LONG campaigns to check for BLR anomaly 

• Revisit NGC 5548 to check on its R—L relation
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