
IXO Grating Spectrometer Wavelength Preci-

sion and Accuracy

For any given spectrometer resolving power, R (R = λ/∆λ = E/∆E, in
which ∆ refers to the Full-Width-Half-Maximum, FWHM), it is well known
that further precision in feature centroids to some fraction of the FWHM can
be obtained in emission or absorption line centroids, provided that there are
sufficient sampling of the instrumental profile and sufficient signal to noise
in the measurement (Landman et al., 1982 ApJ 261, 732; Ayres et al 1983
ApJ 274, 801; see Hoogerwerf et al. 2004 ApJ 610, 411 for application to
Chandra/HETGS). Factors of 10 are feasible (e.g, 0.5 mA in the case of
Chandra MEG or HEG; Hoogerwerf et al 2004).

Much scientific advantage can be made of this precision if the spectrome-
ter is stable and maintains that accuracy over a long observation. To obtain
such accuracy for repeated observations, there need to be both stability and
knowledge of the zero-point to the spectrometer precision, that is, an ab-
solute calibration. This could be obtained from calibration observations of
cosmic sources of known velocity (if any), or through calibration of the instru-
ment geometry, such as measurement (or a priori knowledge) of the detector
positions relative to axial rays.

For an IXO grating spectrometer of R = 3000, we have a FWHM =
100km/s, or about 0.007Å at 20Å. The resolution element will be well sam-
pled, so we assume that it will be feasible to obtain a factor of 5–10 in
centroids, or an accuracy of 10–20 km/s (instrumental details can be found
in the [PDD ref ***]).

There is significant precedent for accurate radial velocity studies in the
Chandra literature, and also request for such in IXO White Papers. Examples
include:

• Capella absolute radial velocity measurements have determined that
the origin of the emission is on one of the spatially unresolved binary
components (Ishibashi et al 2006, ApJL 644, L117). Measurements also
indicate perturbation of the velocities as the companion star was pre-
sumably becoming more active. These measurements required an ab-
solute calibration, since the system has a long period and observations
were taken over many years. High-precision and high accuracy radial
velocity measurements can determine the structure of stellar coronae.
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• EX Hya, a cataclysmic binary, radial velocity measurements can probe
the location and velocity of emitting material, and also determine the
location of the magnetic pole. Hoogerwerf et al (2004 ApJ 610, 411)
were able to study both the binary orbital motion and white dwarf
spin given accuracies of 10-20 km/s. While this was a single continuous
observation and only required a stable instrument, the followup large
Chandra project was comprised of 4 observations taken over a week and
will require an accurate absolute calibration to interpret them jointly.

• Measurement of WHIM features, and registration with optical and UV
observations. Yao et al. 2009 (ApJ 697, 1784) point out in Table 1
that a pair of absorbers in each of three (of 6) separate sources cannot
be resolved with Chandra HETGS (MEG channel).

WHIM features are measured in the UV to a fractional accuracy of
±0.0001 or so, or 30 km/s. Identifying X-ray absorption features with
the UV is critical to modeling the ionization balance in the absorbers.
Components in some directions are separated by only a few 100 km/s,
so identifying which OVI absorber is associated with which O VII line
is required. Measurements to better than 30 km/s are required. If
the Doppler shifts of the UV and X-ray components differ by 10-100
km/s, O VII and O VIII might disagree by 10-100 km/s. An accurate
wavlenght scale would allow examination of the kinematic and ioniza-
tion substructure of the WHIM.

Some relevant references

Coronal Stellar Sources

Ayres et al 2001 ApJ 549, 554 “Chandra, EUVE, HST, and VLA Multiwave-
length Campaign on HR 1099: Instrumental Capabilities, Data Reduction,
and Initial Results”

Hussain et al 2005, ApJ 621, 999 “Inferring Coronal Structure from X-Ray
Light Curves and Doppler Shifts: A Chandra Study of AB Doradus”

Ishibashi et al 2006, ApJL 644, L117 “Chandra/HETGS Observations of
the Capella System: The Primary as a Dominating X-Ray Source”

Huenemoerder et al 2006 ApJ 650, 1119 “X-Ray Spectroscopy of the
Contact Binary VW Cephei”
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Hussain et al 2007 MNRAS 377, 1488 “The coronal structure of AB Do-
radus determined from contemporaneous Doppler imaging and X-ray spec-
troscopy”

Cataclysmic Variables

Hoogerwerf et al 2004 ApJ 610, 411 “The Radial Velocity and Mass of the
White Dwarf of EX Hydrae Measured with Chandra”

Mauche 2009 ApJ (in press) Preprint: http://arxiv.org/abs/0910.0084
“Chandra High Energy Transmission Grating Spectrum of AE Aquarii”

ISM, IGM

Yao, et al 2009, ApJ 697, pp. 1784 “X-raying the Intergalactic O VI Ab-
sorbers”

Yao, et al 2008 ApJ 672, pp. L21 “Limits on Hot Galactic Halo Gas from
X-Ray Absorption Lines”

Juett et al 2006 ApJ 648, 1066 “High-Resolution X-Ray Spectroscopy of
the Interstellar Medium. II. Neon and Iron Absorption Edges”

Juett et al 2004 ApJ 612, pp. 308-318 “High-Resolution X-Ray Spec-
troscopy of the ISM: Structure at the Oxygen Absorption Edge”

Lee et al 2001 ApJ 554, pp. L13-L17. “Revealing the Dusty Warm Ab-
sorber in MCG -6-30-15 with the Chandra High-Energy Transmission Grat-
ing”

Decadal Survey White Papers

http://sites.nationalacademies.org/BPA/BPA 050603

Osten et al “Mass-Loss and Magnetic Fields as Revealed Through Stellar
X-ray Spectroscopy”

E.g., Section 3, paragraph 3 (page 5), and Figure 2 (page 6):

“The most revealing information comes from being able to spec-
trally resolve the two components, and to study the spectra of the
two stars and their changes on timescales that are a small frac-
tion, e.g. he X-ray emission as a function of the period. A grating
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spectrometer having Aeff=3000 cm2 and R=3000 can determine
the orbital dynamics and X-ray source location (Figure 2 left), as
well as infer rotational broadening, and turbulent broadening.”

For the system shown the accuracy in velocity implied over a phase in-
terval of 0.03 is about 20 km/s.
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