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PROGRADE	  RETROGRADE	  

Dauser,	  Wilms,	  Reynolds	  &	  Brenneman	  (2010)	  

a	  =	  cJ/GM2	  



•  Rela#vis#c	  electrons	  in	  corona	  
Compton	  scaOer	  thermal	  photons	  
(UV)	  from	  the	  accre#on	  disk,	  
producing	  power-‐law	  con#nuum	  
spectrum	  in	  X-‐rays.	  

• 	  Some	  X-‐ray	  con#nuum	  photons	  are	  
scaOered	  back	  down	  onto	  the	  inner	  
disk	  (“reflected”).	  	  

• 	  Fluorescent	  lines	  are	  produced	  when	  
a	  “cold,”	  op#cally	  thick	  disk	  is	  
irradiated	  by	  X-‐ray	  con#nuum	  
photons,	  exci#ng	  a	  series	  of	  
fluorescent	  emission	  lines.	  

• 	  The	  high	  energy,	  abundance	  and	  
fluorescent	  yield	  of	  iron	  enable	  
visibility	  above	  the	  power-‐law	  
con#nuum,	  making	  it	  a	  beOer	  
diagnos#c	  feature	  than	  lines	  of	  other	  
elements.	   Reynolds	  &	  Nowak	  (2003)	  

REFLIONX:	  
Sta3c	  disk	  spectrum	  

KERRCONV/RELCONV:	  
Effects	  of	  space3me	  
warping,	  twis3ng	  

Ross	  &	  Fabian	  (2005)	  
Brenneman	  &	  Reynolds	  (2006)	  
Dauser+	  (2010)	  

Fe	  Kα	  



RISCO	   Inclina3on	  
angle	  

Fe	  Kα	  emission	  line	  from	  different	  disk	  annuli	  

KERRDISK	  or	  RELLINE	  model	  (Brenneman	  &	  Reynolds	  2006;	  Dauser+	  2010)	  

a=0,	  i=30°,	  q=3	  (disk	  emits	  as	  r-‐q).	  
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Reynolds	  &	  Fabian	  (2008)	  

3-‐D	  MHD	  simula#on	  of	  a	  geometrically-‐thin	  
accre#on	  disk.	  

Clearly	  shows	  transi3on	  at	  the	  ISCO	  which	  
will	  lead	  to	  trunca3on	  in	  iron	  line	  emission.	  

Rapid	  drop	  in	  τ,	  rise	  in	  ξ	  within	  ISCO.	  

BH	  

Plunging	  region	  inside	  ISCO	  



Reynolds	  &	  Fabian	  (2008)	  

h/r	  =	  0.01	  	  
h/r	  =	  0.25	  	  
h/r	  =	  0.5	  	  
h/r	  =	  1.0	  	  	  



Fe	  Kα	  

Warm	  absorp3on	  
Compton	  hump	  

So]	  excess	  

MCG—6-‐30-‐15	  
Brenneman	  &	  Reynolds	  (2006),	  

Miniuh+	  (2007),	  
Chiang	  &	  Fabian	  (2010)	  



Brenneman+	  (2011),	  
Reis+	  (2011),	  

Patrick+	  (2011),	  
Reynolds+	  (2012)	  

NGC	  3783	  

So]	  excess	  

Warm	  absorp3on	  

Fe	  Kα	  

Compton	  hump	  



abs	  only	  

refl	  +	  abs	  

abs	  only	  

refl	  +	  abs	  

Suzaku/PIN	   NuSTAR	  χ2/ν=1.48 χ2/ν=3.55 



Uneclipsed	  
Red	  side	  only	  
Blue	  side	  only	  



a	  >	  0.98	  

Brenneman+	  (2011)	   Patrick+	  (2011)	  

Χ2ν	  =	  1.38	   Χ2ν	  = 1.55	  

a	  <	  -‐0.04	  

• 	  Present	  in	  majority	  of	  AGN	  that	  are	  not	  totally	  absorbed	  	  	  	  	  	  
<2	  keV.	  

• 	  0.5-‐2	  keV	  range	  accounts	  for	  most	  of	  s/n	  in	  AGN	  observa#ons	  
due	  to	  higher	  collec#ng	  area	  at	  these	  low	  energies,	  so	  
parameteriza#on	  of	  this	  region	  can	  highly	  influence	  spectral	  
fihng!	  

• 	  Physical	  origin	  of	  this	  emission	  is	  s#ll	  a	  mystery,	  may	  differ	  
source-‐to-‐source:	  

• 	  ScaOered	  emission?	  
• 	  Comptoniza#on?	  
• 	  Photoionized	  lines?	  
• 	  Rela#vis#c	  reflec#on?	  
• 	  All	  of	  the	  above??	  



Reynolds, Brenneman+ (2012) 

•  Fit drives a > 0.88, Fe/solar = 
2-4 (MCMC). 

•  Strict assumption of  
Fe/solar = 1 worsens fit 
significantly, allows for low spin. 

•  Supersolar Fe consistent with 
measurements from BLR (e.g., 
Warner+ 2004, Nagao+ 2006). 

•  Caveat: Fe abundance and 
spin clearly correlated! 

•  More Fe  stronger 
reflection more blurring 
required to fit data  higher 
spin values. 

•  Illustrates importance of 
exploring wide range of 
modeling assumptions. 

Fe/solar = free, tied  
Fe/solar = untied, inner free 
Fe/solar = 1 (both) 



AGN	   EW	  (eV)	   a	   Log	  MBH	   Lbol/LEdd	   host	  

MCG—6-‐30-‐15	  
(Brenneman	  &	  Reynolds	  2006;	  

Miniuh+	  2007)	  

~400	   ≥0.98	   6.19	   0.42	   S0	  

Fairall	  9	  
(Schmoll+	  2009,	  Patrick+	  2011)	  

~130	   0.65	  ±	  0.05	   7.91	   0.05	   Sc	  

SWIFT	  J2127.4+5654	  
(Miniuh+	  2009)	  

~220	   0.6	  ±	  0.2	   7.18	   0.18	   ??	  

1H	  0707-‐495	  
(Fabian+	  2009;	  Zoghbi+	  2010)	  

~1200	   ≥0.98	   6.70	   ~1.00	   IrS	  

Mrk	  79	  
(Gallo+	  2010)	  

~380	   0.7	  ±	  0.1	   7.72	   0.05	   SBb	  

NGC	  3783	  
(Brenneman+	  2011)	  

~260	   ≥0.98	   6.94	   0.19	   SB(r)a	  

Mrk	  335	  
(Patrick+	  2011)	  

~145	   0.70	  ±	  0.12	   7.15	   0.25	   S0/a	  

NGC	  7469	  
(Patrick+	  2011)	  

~90	   0.69	  ±	  0.09	   7.09	   1.12	   SAB(rs)bc	  

Ark	  120	  
(Patrick+	  2011;	  Nardini+	  2011;	  	  
Tu	  &	  Brenneman	  in	  prep.)	  

~120	   0.94	  ±	  0.10	   8.18	   0.03	   Sb/pec	  

3C	  120	  
(Cowperthwaite	  &	  Reynolds	  2012)	  

~50	   ≤-‐0.1	   7.74	   0.23	   S0	  



•  Mergers	  of	  galaxies	  (and,	  eventually,	  their	  SMBHs)	  result	  in	  a	  wide	  spread	  
of	  spins	  of	  the	  resul#ng	  BHs.	  

• 	  Mergers	  and	  chao#c	  accre#on	  (i.e.,	  random	  angles)	  result	  in	  low	  BH	  
spins.	  

• 	  Mergers	  and	  prolonged,	  prograde	  accre#on	  result	  in	  high	  BH	  spins.	  	  

Ber#	  &	  Volonteri	  (2008)	  
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Narayan & McClintock (2012), Steiner+ (2012) 
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•  Based	  on	  numerical	  simula#ons	  of	  Garofalo	  (2009),	  jet	  power	  is	  maximized	  
for	  large,	  retrograde	  BH	  spins.	  

• 	  Present	  Suzaku	  and	  forthcoming	  XMM/NuSTAR/Swi;	  campaign	  on	  3C	  120.	  	  



Perseus Cluster of galaxies: one of the most massive objects in the universe.  
Thousands of galaxies, gravitationally bound together. 

Central galaxy of the Perseus cluster, housing a BH billions of times the 
mass of our Sun.  Likely the result of many galaxy mergers, its jets throw 
energy out into the intracluster medium, keeping it hot and thus regulating 
star formation. 

Fabian+ (2003) NGC 1275 





Gultekin+	  (2009)	  





• 	  NuSTAR	  (2012):	  higher	  E.A.,	  lower	  background	  than	  Suzaku	  >10	  keV	  	  
-‐ 	  with	  XMM/Suzaku/Astro-‐H,	  significant	  decrease	  on	  spin	  error	  
-‐ 	  differen#ate	  between	  complex	  absorp#on,	  reflec#on	  in	  AGN	  

• 	  Astro-‐H	  (2014):	  higher	  E.A.,	  beOer	  spectral	  resolu#on	  than	  Suzaku	  
-‐ 	  separate	  absorp#on	  from	  emission	  in	  Fe	  K	  band	  
-‐ 	  break	  degeneracy	  between	  truncated	  disk	  and	  lower	  spin(?)	  

• 	  ASTROSAT	  (??):	  Simultaneous	  UV	  &	  X-‐ray	  spectroscopy	  
-‐ 	  #ghter	  constraints	  on	  disk	  thermal	  emission,	  warm	  absorp#on	  	  

• 	  GEMS	  (2014):	  Most	  sensi#ve	  X-‐ray	  polarimeter	  flown	  
-‐ 	  independent	  check	  on	  spin,	  but	  likely	  only	  for	  XRBs	  

• 	  ATHENA/EPE	  (??):	  Further	  large	  increase	  in	  E.A.	  over	  these	  missions	  
-‐ probe	  accre#on	  physics	  on	  orbital	  #mescales	  
-‐  increase	  sample	  size	  by	  ~10x	  



1.  What	  is	  the	  distribu#on	  of	  BH	  spins	  in	  the	  
universe?	  	  How	  does	  this	  change	  with	  #me/
redshi|?	  

2.  What	  does	  this	  distribu#on	  tell	  us	  about	  the	  
recent	  accre#on	  vs.	  merger	  histories	  of	  AGN?	  

3.  What	  is	  the	  exact	  role	  of	  BH	  spin	  in	  jet	  
produc#on?	  	  	  	  

4.  Do	  retrograde	  spins	  produce	  the	  most	  powerful	  
jets?	  





Chiang	  &	  Fabian	  (2011)	  

Emmanoulopoulos+	  (2011)	  



• 	  Suzaku	  difference	  spectra	  in	  
NGC	  3783	  also	  well-‐modeled	  
by	  absorbed	  power-‐law	  <2	  
keV,	  power-‐law	  only	  >2	  keV.	  

• 	  Once	  constant	  warm	  
absorber	  is	  included	  for	  each	  
#me	  interval,	  difference	  
spectra	  are	  fit	  very	  well	  <10	  
keV.	  

• 	  Excess	  hard	  emission	  
remains	  in	  intervals	  4-‐5;	  best	  
fit	  with	  model	  that	  allows	  for	  
changing	  reflec#on	  frac#on,	  
inner	  disk	  ioniza#on	  (ξ)	  as	  
inner	  disk	  flux	  changes.	  

• 	  Broadly	  consistent	  with	  
light	  bending	  interpreta#on.	  Reis+	  (2011)	  


