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Two	
  sessions:	
  	
   	
  Crab;	
  	
  G21.5	
   	
  	
  



What the Crab has Been Up to 
Lately… 

•  Light	
  curves	
  for	
  each	
  
instrument	
  are	
  normalized	
  
to	
  its	
  average	
  rate	
  from	
  MJD	
  
54690-­‐54790.	
  

•  GBM	
  –	
  	
  	
  Blue	
  squares	
  

•  RXTE/PCU2	
  –	
  	
  Black	
  Diamonds	
  

•  BAT	
  –	
  	
  Red	
  Circles	
  
•  ISGRI	
  –	
  	
  Green	
  triangles	
  
•  JEM-­‐X	
  –	
  	
  Orange	
  asterisks	
  
•  SPI	
  –	
  	
  Cyan	
  X’s	
  
•  MAXI	
  –	
  	
  Pink	
  plus	
  signs	
  
50-­‐100	
  keV	
  band	
  has	
  nearly	
  recovered	
  to	
  pre-­‐decline	
  level	
  
15-­‐50	
  keV	
  band	
  has	
  only	
  increased	
  ~30%	
  of	
  the	
  way	
  back	
  to	
  pre-­‐decline	
  
level	
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Crab: spatial and phase resolved 
spectroscopy by Nustar 
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Cross-cal of RXTE, Suzaku INTEGRAL: 
common observation epochs 
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XIS1,XIS3	
   PCA,	
  PIN	
   GSO,	
  SPI	
  

phabs*bknpower,	
  Eb=100	
  keV	
  (>ixed)	
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Crab vs G21.5 in the hard band 

15-­‐50	
  keV	
  

Epoch	
  E	
  
Results	
  are	
  broadly	
  consistent	
  with	
  the	
  Tsujimoto	
  et	
  al.	
  2010	
  paper	
  	
  



Crab Fourier Resolved Spectroscopy 

IACHEC, 2014�

The	
  Crab	
  Nebula	
  as	
  a	
  calibra/on	
  target!

!" #

"$"!

"$!

!

%&
'(
')
*+,
-
+*
+.
/0

%12345

6781249%12345

!": ;" :"

!

"

!

;

7)/<=>+?./0@

•  Fourier Resolved Spectroscopy is used to probe spectrum of quasi-periodic oscillations and broad-band noise 
in X-ray binaries  
• The pulsed fraction is estimated as RMS power for in Fourier harmonics in PDS.  
•  The pulsed spectrum, calculated by FRS, is background free. 
•  The Crab Pulsed fraction monotonically increases from 10% at 3 keV to 15% at 30 keV 
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• 	
  Analysis	
  covers	
  interval	
  of	
  ~10	
  years	
  
• 	
  Total	
  flux	
  shows	
  long-­‐term	
  variadons	
  while	
  the	
  pulsed	
  flux	
  shows	
  uniform	
  decline	
  of	
  
about	
  2%	
  in	
  close	
  agreement	
  with	
  pulsar	
  spindown	
  
• 	
  Pulsed	
  flux	
  spectrum	
  :	
  evidence	
  for	
  cutoff	
  at	
  95	
  keV	
  	
  
• 	
  use	
  Fourier	
  derived	
  energy	
  spectrum	
  for	
  calibradon?	
  (advantage:	
  background	
  free)	
  

Crab: Total emission vs pulsed 



G21.5 - Nustar 
•  spadal	
  resolved	
  spectroscopy	
  detects	
  spectral	
  sojening	
  with	
  increasing	
  radius,	
  in	
  

the	
  <10	
  keV	
  band	
  (as	
  already	
  observed	
  by	
  Chandra)	
  
•  Discovery	
  of	
  a	
  second	
  component	
  with	
  spectral	
  break	
  at	
  ~10	
  keV	
  
•  Break	
  is	
  detected	
  only	
  in	
  the	
  central	
  region	
  (most	
  evident	
  <	
  30”)	
  
•  Consistent	
  with	
  IACHEC	
  paper	
  

	
  

Nynka	
  et	
  al,	
  ApJ	
  submined	
  
Tsujimoto	
  et	
  al,	
  A&A	
  	
  2011	
  

Γhard	
  	
  vs	
  Γso'	
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G21.5 – Chandra lightcurve 
•  Variability	
  of	
  broadband	
  component	
  (short	
  and	
  long	
  dme	
  scale)	
  
•  Increasing	
  trend	
  2000-­‐2002	
  common	
  to	
  many	
  instruments.	
  Possible	
  concern	
  for	
  

XMM	
  EPIC	
  calibradon	
  
•  More	
  invesdgadon	
  needed	
  
	
  

Preliminary	
  (~2	
  
weeks	
  ago)	
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Summary 

•  Total	
  spectrum:	
  evidence	
  for	
  break	
  near	
  100	
  keV:	
  SPI,	
  HXD,	
  possibly	
  GBM	
  	
  
•  Pulsed	
  spectrum	
  (RXTE):	
  cutoff	
  near	
  95	
  keV;	
  stability	
  
•  Crosscal	
  paper:	
  	
  

	
   	
  possibility	
  of	
  new	
  XMM	
  burst	
  mode	
  calibradon	
  ;	
  	
  
	
   	
  addidonal	
  data	
  2005-­‐2011:	
  Swij/BAT,	
  Fermi/GBM?	
  More	
  recent	
  data?	
  
	
   	
  (new	
  input	
  data	
  to	
  LN:	
  by	
  mid-­‐September)	
  

•  Organize	
  coordinated	
  observadons	
  XMM/NuSTAR	
  in	
  September	
  (possibly,	
  also	
  
with	
  Suzaku	
  and	
  INTEGRAL)	
  

Crab	
  

G21	
  
•  Evidence	
  for	
  spectral	
  break	
  near	
  10	
  keV;	
  mostly	
  detected	
  in	
  inner	
  region	
  
•  Soj	
  X-­‐ray	
  spectra	
  flux	
  variability	
  (Chandra):	
  true	
  astrophysical	
  variability?	
  	
  
•  IBIS	
  does	
  not	
  see	
  long	
  term	
  variability	
  >	
  20	
  keV	
  	
  (<few	
  %)	
  
•  New	
  cross-­‐cal	
  paper	
  beyond	
  Masahiro’s	
  2011,	
  Krisdn	
  Madsen	
  will	
  lead	
  the	
  effort	
  	
  


