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Outline
1. Joint analysis of SARM data 
2. Application to 3C273
3. Future of SARM
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What RM measures (Peterson's talk)

structure 
along the 
line of sight

linear size of 
the BLR (ΔR)

LOS velocities versus lags

velocity delay maps

black hole mass



4

What SA measures (Sturm's talk)
LOS velocities => angular displacements 
=> optical path differences => differential 
phase

structure  LOS⊥angular size of 
the BLR (ΔΘ)

observed

interferometer

projection on to baseline
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Aims: Combining supplementary data
● angular and linear size ● along and perpendicular to 

the LOS

measuring distance and BH mass 
simultaneously and precisely 

BLR model: geometry and kinematics
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BLR Model

GRAVITY Collaboration, 2018
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RM of 3C273 (Zhang+ 2019)
● 10yr RM  
● Bok 2.3m +  

Lijiang 2.4m
● Long-term 

trending (jet 
contaminations: 
Li+2019: 
arXiv:1909.4451)
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Joint fitting: RM
● using 7yr data
● damped 

random walk 
model

● detrending 
included

continuum

Hβ
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Joint fitting: GRAVITY
Paα
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Results 
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Remarkable results
●  distance: direct 

measurement
● BH mass: precise

● relative error is 16%
● without extinction and 

ladder calibration 

higher than the virial 
measurement by one order
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Systematic errors
1.  Pa and Hβ: different BLR size? 
2.  RM: variable part; SA: entire BLR
3.  non-disk geometry, radial motion
4.  disordered rotation
5.  change of BLR during RM campaign
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Improvements
● mapping Paα (reduce E1) 
● rms versus mean spectra (E2)
● 2D RM (E1, E3)
● polarization observation (E4)
● scheduling strategy (E5)
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GRAVITY: Close binaries of SMBHs
Songsheng+  2019

High spatial 
resolution
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Wang+ 2018, Songsheng+ 2019
Kovacevic+ 2019

Binary-SARM analysis
RM:complex gas dynamics  
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Future SARM
●  Targets for GRAVITY: K bright Type I AGNs
●  Aims at:

– H0 at 2% precision with 50 targets
– close binaries of SMBHs
– formation of the BLR
– super-Eddington accretion process
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Conclusion
● SARM: BH mass and distances
● Application to 3C273:

–

–

● Future SARM: expected for BH mass, cosmology, binary BH
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