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The image and SED of 3C 273

Vuillaume et al. 2018



The previous Reverberation Mapping

 Cadence: 40.3 

 Campaign: 7 years

 The time lag measurements have 
large uncertainties.

Kaspi et al. 2000 Paltani et al. 2005



Observation

4



Spectral fitting

 three Gaussians: the 

H𝛽 profile.

 All narrow components are

tied to same shift and width.

 The FeII template is from 

Boroson et al 1992.



Mean and RMS



The light curves



Time lags

𝜏Hβ = 146.8−12.1
+8.3

𝜏Hγ = 146.5−9.7
+8.8

𝜏Fe II = 322.0−57.9
+55.5



JAVELIN result
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Hβ emission line widths VS. its flux 

log VHβ = 𝛼 + 𝛽 log𝐹Hβ
FWHM： 𝛼, 𝛽 = (−1.28 ± 0.37,−0.41 ± 0.03)
𝜎line： 𝛼, 𝛽 = 1.46 ± 0.15,−0.15 ± 0.01

𝑟BLR ∝ 𝐿5100
0.5 & virialized motion => 𝛽 = −0.25
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 𝜏Fe 𝜏Hβ VS.  𝐹Fe 𝐹Hβ



Ly𝛼 time lag

Time lag using the 0.8 𝑟max
criterion

Only integrating the highest 
peak

𝜏Ly𝛼+Nv = 72.2−23.5
+58.1days.



Emission line widths vs. the time lags



The velocity-resolved time lags



The black hole mass and accretion rate

 𝑀BH = 𝑓BLR
𝑐𝜏𝑉2

𝐺
， 𝑅BLR = 𝑐𝜏

 𝑓BLR = 1.3：𝑀BH = 4.1−0.4
+0.3 × 108𝑀⊙

 𝑖 = 12°:



Compared with GRAVITY

𝑅Pa𝛼 = 145 ± 35 lt-days

Disk structure

Incline angle 𝑖 = 12 ± 2°

correlation with torus？

Gravity Collaboration 2018



Possible explanation of the detrending: 
optical emissions of the jet



Data



Evidence

 The long trending become 
unclear from optical to UV 
band.



Evidence

Color variations show complex behaviour.



Evidence

The residuals of 
continuum – Hβ
are good matched 
with the radio 
15GHz light curve.





Model

 The optical continuum is deemed to be a combination of the disk and 
jet emissions:

 the jet emissions at optical and radio wavelengths are linked with a 
transfer function:

 The H𝛽 emission line responds to the continuum emission from the 
accretion disk:

 Using the damped random walk to reconstruct the light curves.





Results





Summary

 The time lags of Balmer emission lines are about 150 days in rest frame.

 Fe II time lag 𝜏Fe = 322.0−57.9
+55.5 days, which follows the 

𝜏Fe

𝜏H𝛽
−

𝐹Fe

𝐹H𝛽
correlation found in Hu et al. (2015). 

 The velocity-resolved time lags show the signature of a rotation-
dominated disk. 

 With the UV lines, we find 3C 273 has a stratified structure in its BLR.

 Adopting a virial factor of 𝑓BLR = 1.3, 3C 273 has a BH mass of 𝑀• =
4.1−0.4

+0.3 × 108𝑀⊙ and is accreting with a rate of 9.3𝐿Edd𝑐
−2

 The long trending in the continuum light curve may be due to the jet 
contribution.
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