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            Abstract
The active galaxy NGC 4151 has a crucial role as one of only two active galactic nuclei for which black hole mass measurements based on emission line reverberation mapping can be calibrated against other dynamical techniques1,2,3. Unfortunately, effective calibration requires accurate knowledge of the distance to NGC 4151, which is not at present available4. Recently reported distances range from 4 to 29 megaparsecs5,6,7. Strong peculiar motions make a redshift-based distance very uncertain, and the geometry of the galaxy and its nucleus prohibit accurate measurements using other techniques. Here we report a dust-parallax distance to NGC 4151 of [image: ] megaparsecs. The measurement is based on an adaptation of a geometric method that uses the emission line regions of active galaxies8. Because these regions are too small to be imaged with present technology, we use instead the ratio of the physical and angular sizes of the more extended hot-dust emission9 as determined from time delays10 and infrared interferometry11,12,13,14. This distance leads to an approximately 1.4-fold increase in the dynamical black hole mass, implying a corresponding correction to emission line reverberation masses of black holes if they are calibrated against the two objects with additional dynamical masses.




            
                
                    

    
        
            
                
                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
            
        

        
    



                    
                

                
    
    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: Effect of the brightness distribution on the observed sizes and time lags.[image: ]


Figure 2: Relating time lags and angular sizes to measure the absolute distance to NGC 4151.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Dependence of the measured angular-diameter distance DA on the dust sublimation temperature Tsub.
The red circles represent the distribution of sublimation temperatures in the 1,250 Monte Carlo runs used to model the light curve. Overplotted are dashed contours at 5%, 15%, 33% and 50% peak density. The distribution of DA is consistent with being independent of Tsub, illustrating that the distance determination is insensitive to the detailed dust properties.


Extended Data Figure 2 Dependence of the time lag τin of the inner boundary on the brightness distribution power-law index α.
The black circles represent the fitted τin and α values for each of the 1,250 Monte Carlo representations of the V-band light curves given the inclination and sublimation temperature distributions (68% fitting error levels, mostly smaller than the symbol size).


Extended Data Figure 3 Dependence of the angular size ρin of the inner boundary on the brightness distribution power-law index α.
The black circles represent the distribution of ρin determined from the six interferometric data points for a given α value, sublimation temperature and inclination for each of the 1,250 Monte Carlo representations of the V-band light curve. The cyan error bars represent the additional uncertainties (68% confidence levels) from the combined statistical errors of the observations, the position angle of the emitting disk and the corrections for host and putative accretion disk contributions.


Extended Data Table 1 Constraints on the inclination and position angle of the AGN structure from various observationsFull size table
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Recalibration for a black-hole mass yardstick
The local Seyfert galaxy NGC 4151 — more particularly its active galactic nucleus (AGN) — has become a useful cosmological tool. It, together with the similar NGC3227, has properties that make it useful for the calibration of black hole masses in AGNs as inferred by a variety of methods. Effective calibration, however, requires an accurate distance to NGC 4151 and until now that has not available. This study reports a new dust-parallax distance based on observations of the hot-dust emitting region of NGC 4151. The new value of 19 megaparsecs implies a 1.4-fold increase in the mass of the galaxy's central black hole compared to previous estimates, and a corresponding correction to the masses of black holes in other AGNs.
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