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Swift monitoring: 

2012 
 

~ every week!!

2014 
 

~ every day !!

2013 
 

~ every 2 days !!



3	  Figure	  credit:	  Renaud	  Person	  

What do we see over a 
few years with Swift 

monitoring? 

1. Variability of  the 
underlying X-ray/UV 

emission 

2. Evolution of  the 
foreground obscurer  



Examples of  X-ray spectral variability in NGC 5548 

Swift XRT 

Both continuum and 
obscuration variability 
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2013-2014 Swift lightcurves of  NGC 5548  

500 days 



1)  First, produced a model using data before the 
source became obscured (XMM 2000 & 2001) 

soft X-ray  
excess  

NGC 5548  
EPIC-pn (2000) 

Optical-UV-X-ray modelling ingredients 



2)  Adopted the obscurer + warm absorber model 
derived from XMM + NuSTAR + INTEGRAL 2013 data  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. S3. Transmission of the warm absorber (WA) and the obscurer components in 2013. For 
comparison, the WA transmission for the unobscured state in 2002 is also shown. 
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Optical-UV-X-ray modelling ingredients 
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Fig. 1. X-ray and UV spectra of NGC 5548. All data have been rebinned for clarity. Error bars 
are ±1 SD.  (A) The heavily obscured X-ray spectrum during summer 2013. The unobscured 
Chandra Low Energy Transmission Grating Spectrometer (LETGS) spectrum taken in 2002 is 
shown for comparison. The 2013 spectrum is obtained from 12 XMM-Newton observations 
(EPIC-pn detector (pn) and Reflection Grating Spectrometers (RGS)), two NuSTAR and four 
INTEGRAL observations; these latter two datasets were taken when the hard X-ray flux was 
10% higher than the average >10 keV flux of the XMM-Newton data. (B) Averaged 2013 
Cosmic Origins Spectrograph (COS) spectrum compared to 2002 Space Telescope Imaging 
Spectrograph (STIS) spectrum, showing the broad UV absorption lines in 2013. 
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3)  Established the optical-UV continuum using 
HST COS, Swift UVOT and XMM OM data 

HST COS 
 

UVOT & OM grisms 

Optical-UV-X-ray modelling ingredients 

1100-6900 Å 
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Te ~ 0.2 keV
τ  20

T  3 eV

Γ 1.75

Optical-UV-X-ray continuum model 
Warm Comptonisation produces the  

soft X-ray excess 

See e.g. 
Magdziarz et al. (1998) 
Mehdipour et al. (2011) 

Petrucci et al. (2013) 
Done et al. (2012, 2013) 
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Warmer-phase 
NH ~ 1022 cm-2 

Colder-phase 
NH ~ 1023 cm-2 
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15	  Figure	  credit:	  Renaud	  Person	  



Summary 

The X-ray obscurer (stream of  outflowing gas near the disk) 
has been continuously present for a few years. 
 
The obscuring material is constantly being replenished from 
the accretion disk. 
 
Changes in obscuration (covering fraction) produces the 
observed X-ray hardness ratio variability. 
 
The colder phase (dense clumps) of  the obscurer varies on a 
shorter timescale (days) than its warmer medium (months). 
 
There is a direct link between UV and soft X-ray excess. 
Soft excess origin: optically thick, warm Comptonisation. 


