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            Abstract
The brightness of an active galactic nucleus is set by the gas falling onto it from the galaxy, and the gas infall rate is regulated by the brightness of the active galactic nucleus; this feedback loop is the process by which supermassive black holes in the centres of galaxies may moderate the growth of their hosts1. Gas outflows (in the form of disk winds) release huge quantities of energy into the interstellar medium2, potentially clearing the surrounding gas. The most extreme (in terms of speed and energy) of theseâ€”the ultrafast outflowsâ€”are the subset of X-ray-detected outflows with velocities higher than 10,000 kilometres per second, believed to originate in relativistic (that is, near the speed of light) disk winds a few hundred gravitational radii from the black hole3. The absorption features produced by these outflows are variable4, but no clear link has been found between the behaviour of the X-ray continuum and the velocity or optical depth of the outflows, owing to the long timescales of quasar variability. Here we report the observation of multiple absorption lines from an extreme ultrafast gas flow in the X-ray spectrum of the active galactic nucleus IRAS 13224âˆ’3809, at 0.236â€‰Â±â€‰0.006 times the speed of light (71,000 kilometres per second), where the absorption is strongly anti-correlated with the emission of X-rays from the inner regions of the accretion disk. If the gas flow is identified as a genuine outflow then it is in the fastest five per cent of such winds, and its variability is hundreds of times faster than in other variable winds, allowing us to observe in hours what would take months in a quasar. We find X-ray spectral signatures of the wind simultaneously in both low- and high-energy detectors, suggesting a single ionized outflow, linking the low- and high-energy absorption lines. That this disk wind is responding to the emission from the inner accretion disk demonstrates a connection between accretion processes occurring on very different scales: the X-ray emission from within a few gravitational radii of the black hole ionizing the disk wind hundreds of gravitational radii further away as the X-ray flux rises.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Access Nature and 54 other Nature Portfolio journals
Get Nature+, our best-value online-access subscription
$29.99 /Â 30Â days
cancel any time

Learn more


Subscribe to this journal
Receive 51 print issues and online access
$199.00 per year
only $3.90 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Figure 1: High-energy absorption line detections.[image: ]


Figure 2: RGS detection of flux-dependent absorption.[image: ]


Figure 3: Flux dependence of the outflow.[image: ]
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Extended data figures and tables

Extended Data Figure 1 The 0.3â€“10-keV lightcurve of the new observations of IRAS 13224âˆ’3809.
We use 1-ks bins, with gaps between observations removed. The vertical dashed lines show where observations start and finish, and the horizontal dashed lines show the threshold flux levels. Low-, medium- and high-flux intervals are distributed throughout the lightcurve, and are coloured green, yellow and red, respectively.


Extended Data Figure 2 The 8â€“8.5-keV EPIC-pn image showing the high instrumental background outside the central chips.
Source and background extraction regions marked by small and large white circles, respectively, for a representative observation (0780561301).


Extended Data Figure 3 The low-flux spectrum without background subtraction.
The spectrum is fitted with a power law. The ultrafast-outflow line is clearly still visible in the residuals, and only slightly reduced in strength. All errors are Â±1Ïƒ, and energies are in the observerâ€™s frame. â€˜Ratioâ€™ indicates the ratio of data to model output.


Extended Data Figure 4 EPIC-pn spectroscopy.
a, Data and residuals of the EPIC-pn data fitted with reflection, with and without an outflowing absorption component. b, Residuals of the EPIC-pn data fitted with a power law from 4â€“5â€‰keV and 9â€“10â€‰keV, showing the broad iron line and ultrafast-outflow (UFO) line. Error bars are 1Ïƒ, and energies are in the source rest frame.


Extended Data Figure 5 RGS first-order and second-order (small panel) stacked spectra of all 17 observations.
Transitions of typical interstellar absorption lines are labelled. Additional features of non-interstellar-medium origin are indicated with a dashed red line and two question marks. Above 33â€‰Ã… the RGS spectrum is affected by high background. Error bars are 1Ïƒ, and energies are in the source rest frame.


Extended Data Table 1 Phenomenological model fitFull size table


Extended Data Table 2 Physical model fitFull size table
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Gas outflow responds to a black hole's inner disk (Parker 21385, Physics Letter, Leslie Sage)
Supermassive black holes in the centres of galaxies may moderate the growth of their hosts by a feedback loop involving the brightness of the active galactic nucleus and the amount of gas falling into it from the galaxy. Gas outflows release huge quantities of energy into the interstellar medium, potentially clearing the surrounding gas. Michael Parker et al. report the observation of multiple absorption lines from an ultrafast gas flow in the X-ray spectrum of the active galactic nucleus IRAS 13224 3809, where the absorption is strongly anti-correlated with the emission from the inner regions of the accretion disk. Signatures of the wind are consistent with a single ionized outflow, linking the two phenomena. The detection of the wind responding to the emission from the inner disk demonstrates a connection between accretion processes occurring on very different scales, with the X-rays from within a few gravitational radii of the black hole ionizing the fast outflowing gas as the X-ray flux rises.
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