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Emission profile computed using xillver, convolved 
with relativistic blurring kernel relconv Fe Kα
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DUA L  P E A K E D > >  re l a t i v i s t i c  D o p p l e r  
f r o m  d i s k  r o t a t i o n  

S M E A R E D  > >  g r a v i t a t i o n a l  r e d s h i f t i n g  

αFe Kα line from rings at 
different radii 

Brenneman, L. W. (2013).



F e - K α P R O F I L E  i n  
l i m i t e d  S M B H  B I N A R Y  
c o n f i g u r a t i o n s  

P h a s e  d e p e n d e n c e  o f  F e  l i n e  p r o f i l e  
i n  a n  E Q UA L  M AS S  B I N A R Y  
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E X T E N D I N G  T H E  F R A M E W O R K  T O  
B I N A R I E S  

S e e i n g  d o u b l e :   

O R B I T A L  D O P P L E R  > >  
p e r i o d i c  o p p o s i t e  
D o p p l e r  s h i f t  d u e  t o  
o r b i t a l  m o t i o n  

W i t h  l e a d i n g  
b i n a r y  e f f e c t s :  

AC C R E T I O N  I N V E R S I O N  > >  
s m a l l e r  B H  a c c r e t e s  m o r e  
r a p i d l y ,  l e a d i n g  t o  s u p e r -
E d d i n g t o n ,  o v e r - i o n i z e d  
r e g i m e s  
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M a s s  r a t i o  𝑞 = 𝑚 ଶ / 𝑚 ଵ  

𝝀 𝒕 𝒐 𝒕 =
𝑴̇

𝑴̇ 𝑬 𝒅 𝒅

( 𝝃 ∝ 𝝆 ି 𝟏 𝑭 𝑿 )

Malewicz et al (2024, in prep).
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I O N I Z A T I O N  
for varying 𝑞 and 𝜆௧௢௧ 
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Note: every row has 
different y limits, 
 
But we’re interested in the 
morphology of the spectra 
 

phabs*relxilllpCp 

phase = 90∘ 

inclination = 30∘ 

spins = 0.99 

corona height = 10 𝑟௚ 

𝛼-disk gradient for 
ionization and density 

(a) (b) (c)

(d) (e) (f)

(g) (h) (i)



O B S E R V A T I O N A L  O B S E R V A T I O N A L  
P R O S P E C T S  

NASA’s 

ESA’s 

(shelved for now) 

• We conduct a feasibility study by convolving our model spectra with next-gen X-ray 
telescope instrument response  

i.e. we simulate what a telescope would see when looking at our binary 

 

• We then force-fit a single BH reflection model (relxill) and identify where the points of 
friction are 

i.e. we look for binary signatures! 
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Energy 𝑘𝑒𝑉 

by AT H E N A o f  1 0 ଺ 𝑀⊙  b i n a r y  a t  𝑧 = 0 . 1  

Malewicz et al (2024, in prep). 

S I N G L E  AG N  f i t  
+  r e s i d u a l s  

fit parameters 

• Overall, at 10଺𝑀⊙, those are 
faint sources 

• Not viable 𝑧 > 0.1  

Notes on the fit: 

• Statistically “good” fit (reduced 
𝜒ଶ < 1) 

• Spin completely unconstrained 
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Energy 𝑘𝑒𝑉 

by A X I S o f  1 0 ଽ 𝑀⊙  b i n a r y  a t  𝑧 = 0 . 1  

Malewicz et al (2024, in prep). 

S I N G L E  AG N  f i t  
+  r e s i d u a l s  

fit parameters 

• On brighter sources, residuals 
are mainly on the soft end 

• Fe line unremarkable 



T A K E A W A Y S  

Overall, not a slam-dunk, but clear avenues for further exploration if we are 
willing to put in the time and effort (observational campaigns with longer 
exposure and working with the PTAs to tackle brighter sources) 

 Bifurcation in accretion and ionization properties in both BHs turn an already highly 

degenerate parameter space into a few very different spectral morphologies and many 

different observational outcomes  

 Unless the source is close-by (𝑧~0.1), it will be hard to resolve anything within the canonical 

100 ks exposure time 

 Other complication is the short orbital period: no time-resolved spectra, the result will be 

smeared and won't appear periodical 

  

 Some unexpected binary indicators (incl. simple bad fits, low or unconstrained spins due to 

anomalous iron line, or fit residuals clustered in soft end, etc) 

e m a i l  j l m @ g a t e c h . e d u  f o r  a n y  q u e s t i o n s !  



O R B I T A L  
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f o r  q = 0 . 2  a n d  𝜆 ௧ ௢ ௧ = 1 0 %  b i n a r y  

Doppler shift most visible in narrow features,  
 

BUT LISA binaries have short orbital periods, so time-resolved observations are not possible 



𝑓 = 0 , 90 , 180 , 270
𝑧 = 0.1 1.0

B I N A R Y

• Mass 𝑀 = 10଺𝑀⊙ or 10ଽ𝑀⊙

• Mass ratio 𝑞 = 0.2, 0.5 and 0.9
• Mass accretion rate 𝜆௧௢௧ = 5%, 10% or 50% of 

Eddington
• Orbital separation 𝑠 = 100 𝑟௚

• Inclination 𝑖 = 30∘

• Orbital phase 𝑓 = 0∘, 90∘, 180∘, 270∘

• Redshift 𝑧 = 0.1 or 1.0

S I M P L I F Y I N G
A S S U M P T I O N S

• Circular & coplanar
• No X-ray emissions from circumbinary 

disk or from accretion streams

𝑞 → 𝜆௜

𝛼 𝜆୧ →  log 𝜉௜ 𝑟

I N D I V I D U A L  B H S

• Spin 𝑎௜ = 0.99
• Lamppost height ℎ௜ = 10 𝑟௚

• Disk bounds = ISCO to tidal truncation radius 𝑞, 𝑠 → 𝑟௢௨௧,௜

• Mass accretion rates = mass ratio-dependent 𝑞 → 𝜆௜

• Ionization = 𝛼-disk gradient from lamppost 𝜆୧ →  log 𝜉௜ 𝑟



V A R Y I N G  V A R Y I N G  
PA R A M E T E R S

I N C L I N A T I O N  𝐢 S P I N  𝒂 P O W E R  L A W  i n d e x 𝚪

D E N S I T Y  𝐥 𝐨 𝐠 𝟏 𝟎 ( 𝐧 )I O N I Z A T I O N  𝐥 𝐨 𝐠 𝟏 𝟎 ( 𝝃 )H E I G H T  O F  C O R O N A  𝐡



P R E S C R I P T I O N S

• Relative mass accretion rates 𝑓(𝑞)
• Ionization log 𝜉(𝜆, ℎ, 𝑎)
• Truncated minidisk 𝑟௢௨௧(𝑠𝑒𝑝, 𝑒)
• Normalization ∝ (disk area) x (mass 

accretion rate)
• Relativistic Doppler shift



P R E S C R I P T I O N S

• Relative mass accretion rates 𝑓(𝑞)
• Ionization log 𝜉(𝜆, ℎ, 𝑎)
• Truncated minidisk 𝑟௢௨௧(𝑠𝑒𝑝, 𝑒)
• Normalization ∝ (disk area) x (mass 

accretion rate)
• Relativistic Doppler shift



N O  S P I N  
v s .  
M A X I M A L LY  S P I N N I N G  

V A R Y I N G  V A R Y I N G  
I O N I Z A T I O N



I O N I Z AT I O N
E M P I R I C A L  B O L O M E T R I C  C O R R E C T I O N  
F A C T O R  F O R  X - R A Y  F L U X

A N A L Y T I C A L  F O R M U L A  F O R  𝒍 𝒐 𝒈  𝝃 F O R  
I L L U M I N A T I O N  B Y  A  L A M P P O S T  C O R O N A


