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Abstract
TheInternationalX-ray Observatory(IXO)is a collaborativeeffort betweenNASA,ESA,
and JAXA. The IXOsciencegoalsare heavily basedon obtaining high quality X-ray
spectra. In order to achievethis goal the sciencepayloadwill incorporatean arrayof
gratings for high resolution, high throughput spectroscopyat the lowest X-ray
energies, 0.3 - 1.0 keV. The spectrometer will address a number of important
astrophysicalgoalssuchasstudyingthe dynamicsof clustersof galaxies,determining
how elementsarecreatedin the explosionsof massivestars,andrevealingmostof the
�^�v�}�Œ�u���o�_matter in the universe which is currently thought to be hidden in hot
filamentsof gasstretchingbetweengalaxies. In this paperwe presentsimulationsof
key grating spectroscopy science targets using the Off-Plane X-ray Grating
Spectrometerconceptdesign. Thesesimulationsusedetailedray tracingof the entire
observatorywith accurateresponsematricesfor the optics, gratings,and CCDs. The
simulationswill be usedto determinedesigngoalssuchasCCDframe rate, zeroorder
throughput, and absolute wavelength determination. This will be particularly
important for the faintest targets.

Science Simulations: WHIM, emission line, AGNThe Off-Plane X-ray Grating Spectrometer (OP-XGS)

Left: Efficiencyof the reflection gratingsin multiple orders. The bold line is the sum of orders efficiency. The reflectivity of the iridium
coatinghasbeen convolvedwith the relative grating efficiencywhich is typically 80-90%. Right: Spectralresolution of the gratingsas a
function of wavelength. Thegratingshavea 5500groove/mm,radialgrooveprofile blazedfor peakfirst order efficiencyat 35 Å. Thisgives
maximumefficiencyof 1 keVphotonsin 3rd order,whichisalsonecessaryto meet the resolutionrequirementof 3000(��/�û��).

Above: The IXOOP-XGSresponseis shown as a function of wavelength. Thismodel was
constructed using the responseof the 361 telescope shells combined with the beam
coverageand mechanicalthroughput of the gratingsas well as the grating efficiencyand
reflectivity (seebelowandto the left). Alsoincludedis the QEfor back-illuminated(BI)CCDs
andBICCDswith anoptical filter like thosefoundon XMM.

Left: A raytraceof a continuumpassedthrough the systemis plotted and placedbeneath
the gratingarray,approximatelyin the correct projectedposition (seethe poster by Cashin
this session). Thearray produces4 separatespectra,one for eachmodule. Thesespectra
are offset alongthe dispersiondirection to provideredundacyin wavelengthcoverage,i.e. if
a CCDwere to fail, only 25%of the flux in wavelengthscorrespondingto that CCDwould be
lost. TheCCDsare30x 20mm with 15x 50micronpixels.

Oneof the manyoptions for placementof reflection gratingson IXOis cantileveredfrom
the Fixed Instrument Platform. This configuration offers several advantagesincluding
mass,CCDcamerasize,andeaseof integration. It canincorporatesystemstructureaswell
such as the common baffle for the primary focus, a chargedparticle deflector, and a
contaminationshroud. In addition to the MLI wrap around the observatory,the tower
structure can be wrapped as well thus reducing stray light issues for prime focus
instruments. TheCCDcameracanbe integratedinto the structureaswell reducingits stray
light environment. Theimagesaboveillustrate the accommodationof the tower in the IXO
observatory. Theblueconeis the telescopebeam. 8.3%of this beamis interceptedby the
gratingarrayanddiffracted(redbeam)to the dedicatedCCDcamera(greenbox).

The above plot displays a simulation of absorption lines from the WHIM.  This example maps a 
line of sight to a typical QSO and represents a 600ks observation.  The source flux, line positions, 
and line widths are taken from Nicastroet al. 2005, which observes the much brighter Mark 421 
in burst phase with Chandra.

Theobservatoryis shownhere in the launch/stowed
configuration. The tower fits easily within the
volumebetweenthe FMAopticsand the spacecraft
busmodule.

Theintent of the modelaboveis to simulatea weakemissionline spectrum. Sucha spectrumis
typicallystellar in origin yet alsorepresentativeof evolvedsupernovaremnants. Thisparticular
model is quite faint with a total flux just under 10-12 ergs/cm2/sec. This is consistent with
observingII Pegasi, a typicalcalibrationsource,at 10 times the distance. Theexposuretime was
limited to 50ks. Theinsetgivesa closerlookat the low count rate forestof lines.

The above plot displays a simulation of AGN feedback.  A broadened OVII emission line is added 
to the spectrum and absorption lines are created by high velocity clouds outflowing from the 
central object.  The OVII/absorber combination is modeled after that of CIV in the HST STIS 
spectrum presented in Collingeet al. 2001, ApJ, 557, 2.

Left: A close-up of the tower 
structure mounted to the Fixed 
Instrument Platform.  The small 
grating array is near the bottom 
right of this image.  The grating 
beam is represented by the red 
wedge and the CCD camera 
location by the green box.
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