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The Broad Iron Line – A Brief Introduction

Black Hole with Accretion Disk 
& Lamp Post Corona

100 keV

10 eV

• Part of the reflection spectrum: 
• Fe K line (6.4-6.9 keV)
• Soft Excess (0.3-1 keV)
• Compton hump (~20 

keV) 
• First detected in BH-XRB in 

Cyg X-1 (1985)
• Later confirmed for AGN by 

Mushotzky et al. (1995) and 
Tanaka et al. (1995)

• Most commonly thought to be a 
result of reprocessing of X-ray 
photons from the corona by the 
inner disk (Fabian et al. 1989)

• Modeled using raytracing 
(Cunningham 1975)

• Probe of black hole and 
accretion properties (Reynolds 
2014)



Probing Inner Regions with Microlensing
Microlensing of distant quasars
• Non-uniform enhancement of accretion 

disk
• Observed Fe K line profile is variable
Chartas et al. (2016)
• Many epochs of Chandra data
• Fit each microlensed Fe line with 

gaussians
• Range of energies allows for estimate 

of parameters
• Minimum: black hole spin (a)
• Maximum: inclination angle (i)

Accurate Fe profile is necessary to make 
accurate inferences Chartas et al. 2016



The Assumptions And Going Beyond Them
Common Simplifying Assumptions
Corona: 
Often a lamp-post, or irradiation profile 
approximated simply as a broken 
power-law

Disk: 
Infinitely thin, optically thick plane made 
up of matter in circular Keplerian orbits

What I Am Doing - Fenrir
Corona:
Assumed a lamp post as a fiducial 
model, but allow for off-axis coronae 
(Wilkins et al. 2012)

Disk surface: 
Optically thick, geometrically thin, 
radiatively dominated disk (Shakura & 
Sunyaev 1973)

Taylor & Reynolds (2018)



Changes in the Disk Image

Taylor & Reynolds (2018)a = 0.00, i = 60o, h = 3 rg



Changes in the Fe Line

Taylor & Reynolds (2018)

a = 0.00
i = 60o

h = 3 rg

a = 0.90 
i = 15o

h = 3 rg

Change in line profile
• Strong effect on the shape 

of Fe K
• Results in changes in E 

range
• Emax +/- 3%
• Emin up to +40%

Bias in spectral fitting methods
• Using RELXILL we fit Fenrir 

data using standard XSPEC 
functions

• Used true parameters as 
initial parameters

• Underestimation of both 
spin and coronal height

• Proof of principle, and more 
rigorous exploration being 
planned



Changes in the Fe Line

a = 0.90
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h = 3 rg

Taylor & Reynolds (2018)

Change in line profile
• Strong effect on the shape 

of Fe K
• Results in changes in E 

range
• Emax +/- 3%
• Emin up to +40%

Bias in spectral fitting methods
• Using RELXILL, we fit 

Fenrir data using standard 
XSPEC functions

• Used true parameters as 
initial parameters

• Underestimation of both 
spin and coronal height

• Proof of principle, and more 
rigorous exploration being 
planned



Summary and Future Work

The state of the field

• Models of the reflection spectrum often assumes a razor-thin (zero-thickness) 

accretion disk

What we have done

• Built a new raytracing suite (Fenrir) to handle non-trivial disk geometries.

• We have used a finite thickness based on Shakura & Sunyaev (1973)

Results - Reflection

• Disk thickness changes the shape of the line profile and energy range

• Analyses suggest that there is likely bias in parameter estimates when using razor-

thin disk model using either spectral fitting or microlensing

Current & Future Work

• Exploring the effects of disk thickness on lag signatures (Taylor & Reynolds, in prep)

• Perform a more rigorous analysis of systematic error in parameter estimation

• Using Fenrir, build analysis suite to fit spectral and timing simultaneously (Odin)



Any Questions?


