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XMM-Newton RGS    Andy Pollock   (ESAC) 

Chandra HETG            Dan Dewey       (MIT) 

XMM-Newton MOS   Steve Sembay (Leicester) 

XMM-Newton pn        Frank Haberl  (MPE) 

Chandra ACIS             Joe DePasquale, Paul Plucinsky (SAO) 

Suzaku XIS                  Eric Miller (MIT) 

Swift XRT                    Andrew Beardmore (Leicester) 

Models                         Randall Smith (SAO) 
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•  worked exclusively on the SMC SNR 1E 0102.2-7219 

•  developed a coherent spectral model for E0102 which is consistent with the XMM/RGS, 
Chandra/HETG, XMM/MOS, & XMM/pn data 

•  fit Chandra (ACIS & HETG), XMM (RGS, pn, MOS), Suzaku (XIS), & Swift (XRT) data 
with this model 

•  model, data sets, and results are available for the community on the twiki page:       
“http://cxc.harvard.edu/twiki/bin/view/SnrE0102/WebHome’’ 

•  we used this spectral model to quantify the consistency of the effective area models of the 
various instruments by fitting observations of E0102 with the same spectral model and only 
allowing the normalizations of 4 line complexes to vary 

•  in particular, we compare the fitted normalizations of the OVII triplet (560-574 eV), the 
OVIII Ly-a (654 eV), the NeIX triplet (905-922 eV), and the NeX Ly-alpha line (1022 eV) 

•  results published in 2008 SPIE proceedings (Plucinsky et al. 2008, SPIE, Vol. 7011, arXiv:
0807:2176) 
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Red: 0.2-0.75 keV, Green: 0.8-1.1 keV, Blue: 1.1-2.0 keV 

Relatively simple morphology, but significant spectral variations 

Extended source minimizes pileup, small size minimizes off-axis effects 

DePasquale (SAO) 

45 arcseconds 

Chandra Images 
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Relatively 
simple 
spectrum 
dominated 
by O & Ne, 

little or no 
Fe emission 

OVIII 

OVII 

CVI 

OVIII 

NeIX NeX 

Pollock 
(ESAC) 
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•  develop a model based on the high-resolution spectral data from the RGS (Rasmussen et al. 2001) 
and HETG (Flanagan et al. 2004) and fit all data with the SAME model 

•  use the high-resolution spectral data to identify and characterize the line emission from 0.3-2.0 keV 

•  use the MOS, pn, & XIS to determine lines and continuum above 2.0 keV 

RGS RGS 

HETG HETG 

 pn MOS 

XIS 

0.3-2.0 keV 
lines 
continuum 
absorption 

E>2.0 keV 
lines 
continuum 

Refit 0.3-2.0 
keV lines 
continuum 
absorption 

Final line 
normalizations, 
absorption & 
continuum 

freeze freeze 
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Model includes 52 
lines 

One unidentified, 
weak line 

Fe line at 917 eV 
included with zero 
normalization for 
future 
investigations 
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•  Galactic component fixed at 5.36 x 1020 cm-2 

•  SMC component fixed at 5.75 x 1020 cm-2 with abundances set to Russell & 
Dopita 1992 SMC abundances 

•  low temperature  APEC “No-Line”  kT=0.164 keV, Norm=3.48 x 10-2 cm-5 

•  high temperature APEC “No-Line” kT=1.736 keV, Norm=1.85 x 10-3 cm-5 

•  freeze energies to known values and set widths to RGS-determined value 

•  freeze normalizations of all lines except for OVII For, OVIII Ly-a, Ne IX Res, 
and Ne X Ly-a 

•  for OVII triplet and Ne IX triplet only one normalization is allowed to vary, the 
other line normalizations are set to the ratio determined by the RGS 

•  model has ~200 parameters, we will reduce the number of free parameters to 5 or 7 for 
our calibration objective of measuring the OVII, OVIII, NeIX, & NeX normalizations 

•  overall normalization to account for different extraction regions 

•  MOS and XIS saw a significant improvement with global gain adjustment 
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•  ACIS has the smallest extraction region  

•   XIS has the largest extraction region which includes emission from a nearby XRB 

•  each team selected observations conducted in the modes for which they are most 
confident of the calibration  
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OVII black OVIII red NeIX green NeX blue 

•  new HRMA effective area released before 2009 IACHEC meeting 

•  assume a 4%  difference between RGS1 & RGS2 which is mostly independent of energy  

•   uncertainties are the statistical uncertainties and underestimate the true uncertainty 

•  ACIS, XIS, & XRT show similar trend with energy 

•  27 of 32 normalizations agree with the RGS within 10%  

•  BUT, new ACIS contamination model released in 12/2009  

Depasquale(SAO) 
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•  the ACIS contamination model was updated in  December 2009 

OVII black OVIII red NeIX green NeX blue DePasquale(SAO) 

Old 
Cont 
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OVII black OVIII red NeIX green NeX blue DePasquale(SAO) 

Old 
Cont 

New 
Cont 

HETG 
results are 
preliminary 
!!! 
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•  N132D, LMC SNR, already used by XMM for calibration, spatially and spectrally more 
complicated than E0102 

•  Cas A, used by previous missions, however, much more complicated spatially and 
spectrally than E0102, interesting temporal behavior (see talk on Wednesday by Patnaude) 

•  Tycho – less complicated spatially and spectrally than Cas A but much larger, off-axis 
affects will be important 

•  refine weak lines in the model, O or Fe ?  (RGS analysis from Pollock) 

•  refit instruments as necessary, new response matrix for pn, new contamination correction 
for RGS at late times (should not affect results from early in the mission) 

•  develop detailed outline for an A & A paper 

•  could we submit the clusters, G21.5-0.9, and E0102 calibration papers to be published in 
the same Journal and Issue ? 
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•  spatial, larger than E0102 and more complicated, absorption varies significantly across the  
remnant 

•  spectrum is significantly more complicated due to significant Fe emission 
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ACIS S3: 89 ks, fit with RGS model 


