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Introduction

| report on an investigation to improve the Line Spread Function as well as the wavelength position in line
rich spectra obtained by RGS aboard XMM-Newton.

In the XMM-SOC by Gonzalez-Riestra in 2008 it was mentioned that fitted model lines don't reach the data
line top, implying the model FWHM in the CCFs is too large. Apart from that it was noticed that there

are wavelength deviations introduced by the Solar Aspect Angle (SAA), the angle between the satellite and
the line Sun-Earth. Moreover there is a difference between first and second order wavelengths and between
wavelengths from RGS1 and RGS2.

Therefore a number of lines were measured in a variety of spectra (especially Capella) in different orbits (time)

and different SAA. Fig. 1. shows the model (unbroken line) that doesn't reach the top of the line data.

Eig.sll. O VIl line in the spectrum of Capella with model. The unbroken line is the model. The left panel is

the right panel RGS2. The model doesn't reach the top of the line, implying the model line is too broad

represented In the response matrix.

Analysis

Fig. 2. left panel shows the wavelength deviation (measured lambda - laboratorium lambda) for different SAA.

The higher points (red) correspond with RGS2 and the lower (black) with RGS1, reflecting a wavelength
difference between RGS1 and RGS2.
| try to tackle two problems: 1) wavelength deviations; 2) line shape insufficiencies. For the first problem

| have measured a number of unbiased first order and second order lines in spectra obtained during different

SAA and by applying a number of Angles of Incidence (A0) in the Current Calibration Files (CCF), named
XMM_MISCDATA.CCF. Along this process I try to manoeuvre the first and second order wavelength

to the same value. From this investigation it was clear that the Angles of Incidence for RGS1 and RGS2,
that are identical in the original CCF, should differ. It is also clear that different SAAs need different Angles
of Incidence. It results in two formula, one for RGS1 and one for RGS2, showing the relation between the
SAA and the A0. RGS1: A0=1.5807468-(SAA*0.0000543) and RGS2: A0=1.5819677-(SAA*0.0000562).
As a spin off the RGS1 and RGS2 wavelengths, that originally differ by about 0.005A, coincide better, while
the dependency on the Solar Aspect Angle is diminished. Both these spin-off effects are shown in the right
panel of Fig. 2. The red points correspond with RGS2, the black ones with RGS1.

Fig. 2. The relation between delta lambda (lambda observed - lambda laboratory) and the Solar Aspect Angle
(SAA). The left panel corresponds with the original XMM_MISCDATA.CCF angle of incidence (A0). Black

data points are from RGS1, red data points from RGS2. The right panel shows the same, but after changing the

Angle of Incidence in such a way that the first and second order wavelengths of a line are identical.
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The second problem to tackle is the broadness of the lines, i.e., the Full Width at Half Maximum (FWHI
IS too large in the model given by the response matrix and shown in Fig. 1.

To quantisize the problem | have made .qdp files of the data and the fitted model lines. Based on these
files (two for every line) | have measured the FWHM for the data as well as for the model line. For a nu
of lines the measured FWHM is given in Fig. 3 versus the wavelength of the lines. An average FWHM
versus SAA is given in Fig 4. No SAA-dependence is proved for the FWHM.

Fig. 3. The FWHM for a number of lines in RGS1 (left) and RGS2 (right). Red*: the data, black-: the mi

Fig. 4. The average FWHM versus SAA in RGS1 (left) and RGS2 (right). Red*: the data, black-: the mi

From the figures 3 and 4 it is clear that the model line width, given by the LSF in the CCF's is larger tha
the FWHM measured from the data.

Several CCF's are related to the line shape. XRT_XPSF.CCF describes the Point Spread Function of tl
entrance mirror. LINESPREADFUNC.CCF contains a number of sub-files under which "FIGURE".

It contains three Gaussians and takes grating (mis)-alignment into account.

For RGS1 | have lowered the width for the most dominant Gaussian (G2), by multiplying with 0.8.

For RGS2 | have interchanged the sign in two of the Gaussians (G1 and G2).

This is a minimal number of changes, but arbitrary. Results are given in Fig. 5 and Fig. 6.

Fig. 6. Chi-squared divided by the degrees of freedc
Especially the larger values around 17A are improve

-black=RGS1 original, -green=RGS2 original.
*red=RGS1 CCF changed, *blue=RGS2 CCF chanc

Fig. 5. Fit to O VIII line in RGS2, applying the new
(changed) LINESPREADFUNC.CCF.

The top and basis of the line are better described.
Compare to Fig. 1 right panel.

Conclusions

The Full Width at Half Maximum (FWHM) as derived from the CCF's of the RGS spectra is too large.
Measured wavelengths in first and second order are different.

Measured wavelengths of RGS1 and RGS2 are different.

Measured wavelengths depent strongly on the Solar Aspect Angle (SAA).

The FWHM is solved by changing parameters in the LINESPREADFUNC.CCF (FIGURE), that
takes into account grating (mis)-alignment.

By changing the Angle of Incidence in the XMM_MISCDATA CCF the first and second order
wavelengths were aligned.

To do so different Angles of Incidence are necessary for RGS1 and RGS2.

To do so different Angles of Incidence are necessary for different Solar Aspect Angles (SAA).

BY THIS MANOUEVRE ALSO RGS1 AND RGS2 WAVELENTHS AGREE AND THE
SOLAR ASPECT ANGLE DEPENDENCE IS DIMINISHED.
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