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with contributions from other members of
the XMM-Newton Science Support Team,

XMM-Newton Science Operations Centre, ESAC

May 4, 2010

1 Introduction

This document describes the investigation of a method designed to eliminate
significant systematic model inconsistencies between RGS and EPIC spectra
such as those, particularly below 0.5 keV, reported in recent editions of the
XMM-Newton Cross-Calibration Status Document. It follows Action 2009-
05-07/03 of the XMM-Newton Users Group: “The Instrument Teams should
establish a time epoch-dependent fudge function for the RGS effective area
such that the joint analysis of RGS and EPIC data is possible. Results of this
effort should be presented at the next UG meeting in 2010 with the aim to
make it available to the general user after the review” Results are presented
through sets of wavelength-dependent RGS-pn Rectification Factors to be
applied to RGS models only to bring them into statistical agreement with
simultaneous EPIC-pn spectra.

The RGS-pn Rectification Factors have been implemented in SASv10.0
as a new RECTIFICATION extension in the RGS EFFAREACORR CCF,
whose use is controlled through the optional parameter switch withrectification
applied to rgsproc and rgsrmfgen. At present, these factors have been set
to 1.

2 Data and Processing details

The observations used here are a subset of those included in the XMM-SOC
XCal Archive. The XCal Archive is a database maintained by the XMM-
SOC, containing observations of XMM-Newton and other X-ray missions
used for calibration purposes (see, e.g. the presentation by M. Stuhlinger in
the Users Group Meeting of June 2007). For each observation, the archive
contains, among many other details: EPIC source and background extrac-
tion regions chosen to mitigate pile-up; a suitable model of the spectrum,
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including parameter constraints; and best-fit values of the model parame-
ters. When new versions of software or calibration files become available,
the full set of observations can be reprocessed in a relatively short time.
Since all the previous results are stored, comparison can easily be made of
different versions of calibration or software.

During the course of the work, new calibrations components for both
RGS and EPIC-pn became available, allowing three different sets of calibra-
tions to be compared:

• Version 1

EPIC-pn and RGS data were processed with SASv9.1. The RGS con-
tamination model used to compute the effective area in

RGS[12] EFFAREACORR 0005.CCF

assumed a linear increase of the thickness of the contaminating Carbon
layer with time.

• Version 2

Recent measurements have shown that the thickness of RGS contam-
ination is now increasing more slowly than predicted by the linear
model and that an exponential form is better, as described in the
recent CCF release note XMM-CCF-REL-262. With this improved
contamination model incorporated into the effective in

RGS[12] EFFAREACORR 0006.CCF

new RGS response matrices were generated with xmmsas 20100227 1801-
10.0.0-Alpha. Otherwise, Version 1 EPIC-pn data were used. There-
fore, Version 2 takes advantage of the most up-to-date knowledge of
the RGS instrument.

• Version 3

A new set of parameters describing EPIC-pn redistribution was de-
livered to the SOC on April 17 and subsequently made available for
testing on April 22 via the new CCF named below which is not yet
public. The new RGS and EPIC-pn CCFs

RGS[12] EFFAREACORR 0006.CCF

EPN REDIST 0011.CCF

were used together to processes observations in the XCal Archive to
give a Version 3 set of spectra and responses that take simultaneous
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advantage of the most up-to-date RGS calibration and a new trial
EPIC-pn calibration 1

In what follows, the results obtained from the latest Version 3 will be
discussed in detail and compared with those from Versions 1 and 2.

1On April 27, notification from the EPIC-pn Instrument Team specified that some
refinements in the new response matrix might still be necessary at high energies near 6
keV. Therefore, the results obtained with this version of the EPIC-pn redistribution should
be taken as preliminary although the low energies relevant for the RGS-pn comparison
are reliable.
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3 The Sample

The initial sample consisted of the 148 observations available in the XCal
archive. Of these, we have considered only continuum sources. Results were
initially obtained for 76 observations, as shown in the list below, were the
number of observations of each object is given in parenthesis:

• 3C 273 (22)

• PKS 2155-304 (14)

• PKS 0548-322 (1)

• H1426+428 (7)

• Mkn 501 (2)

• 1H 0414+009 (1)

• 1H 0707-495 (10)

• MS0737.9+7441 (2)

• Akn 120 (1)

• RX J1856.6-3754 (14)

Subsequently, a number of these observation were excluded from most
further analysis: 1H 0707-495 due to the poor signal-to-noise ratio of its
spectra - it is a factor ≈ 10 fainter than 3C 273; PKS 0548-322, Mkn 501,
1H 0414+009, MS0737.9+7441 and Akn 120 because the small number of
observations of these targets precluded a detailed analysis of the depen-
dencies with time or PN filter, for example; and the Isolated Neutron Star
RX J1856.6-3754 because its extremely soft spectrum leads to significantly
different rectification factors above 30 Å (i.e. below 0.4 keV) from those
derived from the other sources. This final point is discussed further below.

The final sample was composed of 43 observations of the bright blazars
3C 273, PKS 2155-304 and H1426+428, all observed in EPIC-pn Small Win-
dow Mode. There are only 3 observations with the EPIC-pn Thick filter, all
of PKS 2155-304.

Some observational details of the sample are given in Tables 1 and 2.
Figure 1 show the distribution of the observations in time, and in PN count
rate.
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4 The Method

The RGS-pn Rectification function has been parametrized as step functions
on 33 grid points in wavelength named R6...R38, that cover the range from
6 to 38 Å in 1 Å intervals, so that the factor R20 covers the range from
19.5 to 20.5 Å, for example. A multiplicative Xspec user model with 33 free
parameters, called rgsrectify, was written to derive the factors.

Each observation was analysed with the following procedure:

• Start with the data and model in the XCal Archive.

– chisq statistic.

– spectra grouped to a minimum count of 25.

– adopt XCal constraints regarding fixed and variable parameters.

• Get best fit and sigma of the XCal model parameters.

• Add to the fit the Xspec user model rgsrectify:

– EPIC-pn rectification factors fixed at 1.

– Factors in missing RGS chips fixed at 1.

– Get best fit and sigma of the 33 rectification factors for RGS 1
and RGS 2.

• Collect auxiliary data to inform interpretation

Tables 3 and 4 show the results of the joint fit before and after apply-
ing the rgsrectify model. The first model parameter is in all cases the
Hydrogen Column Density (in units of 1022 cm2). For the TBabs*bknpower
model, the other four parameters are the first power law index, the Energy
break point (in keV), the second power law index, and the normalisation
factor, and for the TBabs(powerlaw+powerlaw) model, the power law index
and normalisation factors for the two components. The last column in the
table shows the reduced χ2 of the fit.
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5 Results

Results obtained with the new preliminary EPIC-pn redistribution matrix
and the new RGS contamination model are shown in Sections 5 (RGS 1), 6
(RGS 2) and 7 (comparison RGS 1-RGS 2).

• RGS 1

– Average rectification factors derived from each of the three targets
are very similar (Figures 2 and 3), except in the region 24-26 Å,
where 3C 273 is ≈ 5% higher.

– Between 23 and 24 Å (in coincidence with the Oxygen edge) the
rectification factors increase by a few percent. The effect is more
marked in 3C 273 and nearly negligible in H1426+428.

– There is a slight dependence on the EPIC-pn filter, with smaller
rectification factors for the thicker filters becomes thicker. This
result must be taken with caution, as there are only 4 observations
taken with the EPIC-pn thick filter, all of the same target, and
in a relatively small range of time (Figures 2 and 4).

– There is not any clear evidence for a time dependence. The strong
trend observed when applying the previous RGS contamination
model (see below) does not appear now (Figures 2 and 5).

Tables 5, 6 and 7 shows the average RGS 1 rectification factors derived
by target, by filter, and by epoch. (missing values in the wavelength
range of CCD7 have been set to zero).

Figure 6 shows the evolution in time of the individual 33 RGS 1 rec-
tification factors.

• RGS 2

– Average rectification factors derived from each of the three targets
are similar for PKS 2155-304 and H1426+428, although those of
3C 273 are systematically higher above 24 Å (Figures 7 and 8).

– Again, above 24 Å in coincidence with the Oxygen edge, the
rectification factors increase by a few percent, although this is
less certain, as the edge falls on the inoperative CCD4.

– There also is a slight dependence on the EPIC-pn filter, with
rectification factors decreasing as the filter becomes thicker. This
result must be taken with caution, as there are only 3 observations
taken with the EPIC-pn thick filter, all of the same target over a
relatively small range of time (Figures 7 and 9).
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– There is no clear evidence for time dependence, except for slightly
lower values in the most recent observations. The strong trend
observed when applying the previous RGS contamination model
does not appear now (Figures 7 and 10).

Tables 8, 9 and 10 shows the average RGS 1 rectification factors de-
rived by target, by filter, and by epoch: missing values in the wave-
length range of CCD4 have been set to zero.

Figure 11 shows the evolution in time of the individual 33 RGS 2
rectification factors.

Note that in this RGS the factor at 38 Å has been set to zero, as most
of this bin is outside the covered spectral range.

• RGS 1 vs. RGS 2

– Average factors for RGS 1 and RGS 2 are plotted in Figure 12
and listed in Table 11 (where missing values in the wavelength
range of RGS 2 CCD4 have been set to zero). Except for a few
cases (e.g. in the range of CCD7 of RGS 1, where there are few
points), they agree well.

– RGS 1 and RGS 2 average factors for each target are in good
agreement (Figure 13).

– RGS 1 and RGS 2 average factors for each filter are in good
agreement (Figure 14).

– RGS 1 and RGS 2 average factors for groups of 400 revolutions
filter are in good agreement, except for the most recent data, for
which RGS 2 factors are systematically lower (Figure 15).

6 Comparison with previous calibrations

Figure 16 compares the rectification factors obtained from previous calibra-
tions. The largest difference, introduced by the use of the new EPIC-pn
redistribution matrices, in seen longwards of 15 Å, and much more notice-
ably longwards of the O edge.

The difference in the use of the new RGS contamination model is shown
more clearly in Figures 17 and 18, where the factors are shown in groups
of 400 revolutions. The top panel shows that, with the old contamination
model, there was strong time dependence, with the rectification factors be-
coming systematically larger for more recent observations. This dependence
disappears with the new contamination model (middle and bottom panels),
implying confirmation of its validity.
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7 The case of RX J1856.6-3854

As mentioned above, the rectification factors obtained from the observations
of the Isolated Neutron Star RX J1856.6-3754 differ systematically from
those obtained from the three selected blazars. As shown in Figure 19,
above 30 Å the factors are a 5-7 % higher.

This difference is clearly related to the very soft spectrum of this source,
whose EPIC-pn spectrum has essentially no counts at energies above 1 keV.

Figures 20 and 21 show how the rectification factors for this source have
changed as different calibrations have been applied. The difference with
respect to the average blazar values has gone down from about 15-20 % to
about 5-7 %.

8 Conclusions

In this report, we have summarized work carried out to evaluate the sys-
tematic discrepancies observed between RGS and EPIC-pn models below
0.5 keV, and derive appropriate rectification factors for possible use in the
SAS.

We have presented in detail the results obtained using the most up-to-
date EPIC-pn and RGS calibrations, from a sample of 43 observations of the
three bright blazars 3C 273, PKS 2155-304 and H1426+428. The results,
which were obtained for EPIC-pn observations in Small Window Mode, may
be summarised as follows:

• RGS-pn rectification factors show no significant trends with target,
EPIC-pn filter or time.

• Median factors between 7 and 37 Angstroms are 0.991 ± 0.021 for
RGS1 and 0.983 ± 0.020 for RGS2.

• Median factors increase from short to long wavelength across the oxy-
gen edge at 23.5 Angstroms:
RGS1 from 0.972 ± 0.015 to 1.000 ± 0.014;
RGS2 from 0.977 ± 0.010 to 1.006 ± 0.018.

• The most recent calibrations represent substantial changes with re-
spect to those previously available. The time dependence of the recti-
fication factors disappeared once the new public RGS contamination
model was applied. The rectification factors longwards of the O-edge
decreased substantially with the use of the new trial EPIC-pn redis-
tribution matrix.
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9 Appendix

The Appendix shows in detail the results for each of three blazars and for
RX J1856.6-3745.
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10 The Sample

Figure 1: Distribution of the observations in the sample in time and in PN
count rate. The vertical lines indicate the intervals chosen to group the
observations for the subsequent time analysis.
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11 RGS 1

11.1 Summary of results

Figure 2: Summary of the results for RGS 1. From top to bottom, rectifi-
cation factor by object, by filter, and by epoch.
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Figure 3: RGS 1 rectification factors for the selected objects. In the top
panels black symbols represent individual observations, and red points the
average. The bottom panel shows the average factors for all the objects.
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Figure 4: RGS 1 rectification factors according to the PN filter. In the top
panels, black symbols represent individual observations, and red points the
average. The bottom panel shows the average factors for the different filters.
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Figure 5: RGS 1 rectification factors according to the date of the observation,
in groups of 400 revolutions. In the top panels, black symbols represent
individual observations, and red points the average. The bottom panel shows
the comparison of the different epochs.
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Figure 6: Time evolution of the individual RGS 1 rectification factors.
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Table 5: RGS 1 Rectification Factors by Target
Wavelength 3C273 H1426+428 PKS2155-304
6 1.024±0.036 1.088±0.035 1.076±0.022
7 0.997±0.011 0.971±0.014 0.994±0.011
8 0.982±0.011 0.969±0.011 0.962±0.007
9 0.975±0.011 0.952±0.009 0.955±0.006
10 0.989±0.009 0.956±0.008 0.948±0.006
11 0.971±0.003 0.000±0.000 0.974±0.001
12 1.018±0.004 0.000±0.000 0.998±0.001
13 0.953±0.004 0.000±0.000 0.967±0.002
14 0.992±0.010 1.003±0.014 0.974±0.006
15 0.989±0.009 1.005±0.012 0.987±0.008
16 0.981±0.006 0.968±0.008 0.957±0.008
17 0.982±0.009 1.008±0.013 0.981±0.006
18 0.993±0.010 0.985±0.004 0.992±0.005
19 0.965±0.012 0.981±0.009 0.955±0.005
20 0.966±0.007 0.986±0.010 0.971±0.007
21 0.983±0.008 0.988±0.011 0.973±0.007
22 0.938±0.008 0.963±0.011 0.940±0.006
23 0.979±0.011 0.998±0.011 0.966±0.011
24 1.036±0.008 0.980±0.011 1.012±0.005
25 1.074±0.010 1.012±0.008 1.020±0.007
26 1.048±0.009 1.002±0.014 0.987±0.005
27 1.011±0.009 0.989±0.017 0.990±0.005
28 1.014±0.015 1.006±0.015 0.972±0.008
29 1.016±0.013 0.967±0.011 0.995±0.009
30 1.009±0.013 1.019±0.025 0.998±0.008
31 0.995±0.013 1.021±0.018 0.981±0.013
32 1.029±0.013 1.052±0.034 1.013±0.007
33 1.024±0.013 1.026±0.027 0.980±0.007
34 1.016±0.018 1.027±0.020 0.991±0.014
35 1.012±0.012 1.036±0.017 0.988±0.007
36 0.992±0.048 1.036±0.020 0.998±0.011
37 1.011±0.053 0.967±0.033 0.995±0.014
38 1.017±0.112 1.202±0.140 1.030±0.040
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Table 6: RGS 1 Rectification Factors by Filter
Wavelength Medium Thick Thin
6 1.017±0.020 1.097±0.018 1.025±0.049
7 0.994±0.006 1.016±0.030 0.965±0.016
8 0.980±0.005 0.973±0.021 0.966±0.016
9 0.959±0.006 0.957±0.018 0.952±0.014
10 0.970±0.006 0.942±0.001 0.951±0.012
11 0.971±0.003 0.000±0.000 0.000±0.000
12 0.998±0.003 0.000±0.000 0.000±0.000
13 0.953±0.003 0.000±0.000 0.000±0.000
14 0.986±0.005 0.957±0.007 0.996±0.015
15 0.989±0.006 0.943±0.015 0.994±0.012
16 0.969±0.004 0.888±0.006 0.980±0.010
17 0.985±0.006 0.940±0.005 0.982±0.011
18 0.989±0.005 0.964±0.003 0.996±0.012
19 0.958±0.007 0.930±0.010 0.978±0.013
20 0.966±0.004 0.919±0.008 0.974±0.010
21 0.983±0.007 0.938±0.011 0.981±0.009
22 0.937±0.005 0.930±0.013 0.947±0.010
23 0.965±0.009 0.968±0.002 1.016±0.011
24 1.014±0.007 0.991±0.015 1.029±0.007
25 1.051±0.008 1.004±0.013 1.031±0.015
26 1.009±0.006 0.987±0.002 1.054±0.014
27 0.991±0.007 0.976±0.011 1.002±0.010
28 0.995±0.008 0.972±0.017 1.012±0.020
29 0.983±0.007 0.995±0.006 1.025±0.019
30 0.995±0.009 0.988±0.003 1.045±0.017
31 0.994±0.010 0.943±0.018 1.010±0.016
32 1.009±0.012 1.013±0.006 1.038±0.016
33 0.980±0.010 0.983±0.006 1.039±0.016
34 0.988±0.012 0.968±0.019 1.025±0.024
35 1.004±0.010 0.984±0.021 0.990±0.012
36 1.009±0.041 0.927±0.025 1.018±0.024
37 0.967±0.041 0.995±0.010 1.034±0.038
38 1.029±0.071 1.105±0.053 0.960±0.136
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Table 7: RGS 1 Rectification Factors by Range of Revolutions
Wavelength 87-399 400-799 800-1199 1200-1599 1600-1837
6 1.054±0.028 1.060±0.073 1.024±0.033 1.015±0.028 1.014±0.033
7 0.994±0.015 0.981±0.018 0.988±0.011 0.991±0.015 1.003±0.008
8 0.977±0.009 0.996±0.020 0.969±0.008 0.960±0.013 0.978±0.011
9 0.938±0.009 0.980±0.021 0.957±0.008 0.985±0.009 0.958±0.010
10 0.961±0.009 1.006±0.016 0.956±0.010 0.990±0.012 0.988±0.005
11 0.971±0.004 0.000±0.000 0.000±0.000 0.000±0.000 0.000±0.000
12 0.998±0.005 0.000±0.000 0.000±0.000 0.000±0.000 0.000±0.000
13 0.953±0.005 0.000±0.000 0.000±0.000 0.000±0.000 0.000±0.000
14 0.986±0.011 0.998±0.020 0.979±0.009 0.996±0.008 0.986±0.003
15 0.988±0.013 0.987±0.015 0.980±0.010 0.989±0.003 1.003±0.003
16 0.966±0.009 0.980±0.015 0.968±0.009 0.976±0.006 0.971±0.003
17 0.976±0.011 0.994±0.014 0.985±0.010 0.988±0.007 0.982±0.008
18 0.992±0.008 0.993±0.019 0.985±0.005 1.016±0.010 0.993±0.007
19 0.944±0.009 0.988±0.014 0.965±0.009 0.963±0.006 0.929±0.003
20 0.957±0.005 0.971±0.016 0.966±0.008 0.983±0.004 0.989±0.014
21 0.960±0.009 0.975±0.011 0.968±0.010 0.996±0.012 0.981±0.010
22 0.937±0.003 0.983±0.015 0.960±0.008 0.960±0.010 0.916±0.010
23 0.960±0.014 1.031±0.012 0.974±0.013 0.966±0.007 0.965±0.019
24 1.009±0.008 1.044±0.015 1.009±0.010 1.029±0.005 1.007±0.014
25 1.051±0.012 1.067±0.022 1.012±0.012 1.074±0.012 1.027±0.015
26 1.001±0.013 1.064±0.013 1.002±0.009 1.010±0.010 1.003±0.006
27 0.991±0.010 0.996±0.014 0.989±0.010 1.002±0.017 0.990±0.015
28 0.995±0.022 1.038±0.019 1.011±0.013 1.005±0.012 0.965±0.013
29 0.995±0.010 1.027±0.027 0.983±0.008 1.031±0.020 1.050±0.030
30 0.990±0.009 1.073±0.019 0.992±0.016 1.013±0.011 0.953±0.018
31 1.008±0.017 0.981±0.013 1.000±0.018 0.994±0.017 0.972±0.028
32 1.003±0.024 1.038±0.012 1.024±0.013 1.056±0.015 0.958±0.004
33 0.966±0.013 1.043±0.019 0.991±0.014 1.003±0.014 0.975±0.027
34 0.978±0.022 1.033±0.021 1.002±0.021 1.016±0.010 0.977±0.015
35 0.966±0.012 1.019±0.021 1.021±0.011 1.011±0.010 0.982±0.005
36 0.960±0.081 0.987±0.031 1.018±0.014 1.045±0.011 1.081±0.034
37 0.923±0.085 1.032±0.047 0.978±0.017 1.034±0.015 1.004±0.017
38 0.884±0.122 1.177±0.196 1.105±0.079 1.320±0.091 1.179±0.215
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12 RGS 2

12.1 Summary of results

Figure 7: Summary of the results for RGS 2. From top to bottom, rectifi-
cation factor by object, by filter, and by epoch.
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Figure 8: RGS 2 rectification factors for the selected objects. In the top
panels, black symbols represent individual observations, and red points the
average. The bottom panel shows the average factors for all the objects.



12 RGS 2 27

Figure 9: RGS 2 rectification factors according to the PN filter. In the top
panels, black symbols represent individual observations, and red points the
average. The bottom panel shows the average factors for the different filters.
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Figure 10: RGS 2 rectification factors according to the date of the observa-
tion, in groups of 400 revolutions. In the top panels, black symbols represent
individual observations, and red points the average. The bottom panel shows
the comparison of the different epochs.
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Figure 11: Time evolution of the individual RGS 2 rectification factors.
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Table 8: RGS 2 Rectification Factors by Target
Wavelength 3C273 H1426+428 PKS2155-304
6 1.086±0.034 1.014±0.043 1.040±0.026
7 1.005±0.010 1.003±0.014 0.962±0.010
8 0.992±0.010 0.965±0.005 0.970±0.008
9 0.962±0.010 0.939±0.013 0.958±0.005
10 0.990±0.009 0.978±0.018 0.984±0.008
11 0.983±0.006 0.983±0.011 0.960±0.005
12 0.983±0.011 0.968±0.011 0.964±0.009
13 0.996±0.007 0.979±0.011 0.957±0.008
14 0.986±0.010 1.000±0.009 0.975±0.006
15 0.973±0.007 0.972±0.008 0.951±0.009
16 0.997±0.010 0.995±0.011 0.963±0.009
17 0.972±0.010 0.968±0.010 0.952±0.009
18 0.971±0.007 0.994±0.009 0.970±0.008
19 0.969±0.009 0.986±0.013 0.957±0.009
20 0.988±0.010 0.982±0.015 0.960±0.009
21 0.000±0.000 0.000±0.000 0.000±0.000
22 0.000±0.000 0.000±0.000 0.000±0.000
23 0.000±0.000 0.000±0.000 0.000±0.000
24 1.024±0.016 0.997±0.011 0.971±0.011
25 1.093±0.011 1.017±0.008 0.979±0.007
26 1.049±0.014 0.994±0.013 0.991±0.010
27 1.014±0.013 1.013±0.014 1.001±0.009
28 1.036±0.011 1.004±0.015 1.011±0.007
29 0.995±0.012 1.003±0.012 0.998±0.007
30 1.027±0.019 1.003±0.020 0.985±0.011
31 0.973±0.014 0.955±0.019 0.961±0.010
32 0.981±0.012 0.979±0.020 0.985±0.008
33 1.032±0.013 1.021±0.013 0.986±0.013
34 0.997±0.016 1.031±0.028 0.988±0.009
35 1.032±0.022 0.988±0.035 0.982±0.014
36 1.012±0.015 0.995±0.015 1.033±0.013
37 1.037±0.034 1.055±0.037 1.005±0.014
38 0.000±0.000 0.000±0.000 0.000±0.000
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Table 9: RGS 2 Rectification Factors by Filter
Wavelength Medium Thick Thin
6 1.060±0.017 0.954±0.038 1.040±0.051
7 0.966±0.006 1.022±0.009 0.993±0.015
8 0.968±0.008 0.970±0.016 0.959±0.011
9 0.958±0.006 0.964±0.012 0.954±0.011
10 0.990±0.007 0.928±0.020 0.969±0.012
11 0.981±0.004 0.938±0.014 0.976±0.009
12 0.976±0.006 0.928±0.020 0.967±0.014
13 0.983±0.005 0.951±0.008 0.989±0.010
14 0.985±0.005 0.953±0.007 0.990±0.014
15 0.970±0.006 0.904±0.018 0.972±0.008
16 0.994±0.005 0.926±0.002 0.987±0.015
17 0.968±0.006 0.928±0.002 0.959±0.014
18 0.976±0.005 0.944±0.009 0.969±0.010
19 0.963±0.006 0.918±0.006 0.992±0.011
20 0.977±0.008 0.960±0.013 0.984±0.012
21 0.000±0.000 0.000±0.000 0.000±0.000
22 0.000±0.000 0.000±0.000 0.000±0.000
23 0.000±0.000 0.000±0.000 0.000±0.000
24 1.003±0.007 0.945±0.009 1.013±0.023
25 1.018±0.011 0.961±0.009 1.027±0.014
26 1.003±0.009 0.953±0.015 1.028±0.020
27 1.006±0.007 0.977±0.008 1.045±0.018
28 1.013±0.009 0.989±0.007 1.015±0.013
29 0.986±0.007 0.972±0.014 0.998±0.014
30 0.998±0.010 0.970±0.012 1.060±0.026
31 0.955±0.009 0.961±0.007 0.983±0.019
32 0.980±0.008 0.985±0.005 0.997±0.017
33 0.997±0.008 0.952±0.027 1.041±0.018
34 0.976±0.010 0.994±0.011 1.004±0.022
35 0.984±0.015 1.007±0.026 1.032±0.028
36 1.015±0.010 1.053±0.021 1.009±0.018
37 1.041±0.017 0.988±0.025 1.030±0.045
38 0.000±0.000 0.000±0.000 0.000±0.000
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Table 10: RGS 2 Rectification Factors by Range of Revolutions
Wavelength 87-399 400-799 800-1199 1200-1599 1600-1837
6 1.085±0.040 0.954±0.066 1.014±0.030 1.068±0.033 1.091±0.002
7 0.958±0.012 1.017±0.011 1.005±0.010 0.966±0.010 0.962±0.008
8 0.960±0.007 0.992±0.013 0.969±0.013 0.989±0.014 0.927±0.005
9 0.945±0.013 0.964±0.013 0.960±0.008 0.971±0.009 0.958±0.012
10 0.997±0.008 0.997±0.017 0.978±0.012 0.974±0.011 0.935±0.002
11 0.981±0.007 0.985±0.010 0.979±0.008 0.960±0.010 0.938±0.005
12 0.992±0.009 0.989±0.024 0.960±0.007 0.970±0.006 0.935±0.003
13 0.999±0.006 1.007±0.014 0.978±0.007 0.959±0.009 0.954±0.005
14 1.008±0.006 0.978±0.022 0.983±0.006 0.980±0.006 0.949±0.004
15 0.991±0.008 0.984±0.010 0.964±0.009 0.956±0.009 0.932±0.006
16 1.011±0.008 1.016±0.019 0.971±0.008 0.994±0.013 0.928±0.017
17 0.997±0.009 0.939±0.020 0.952±0.007 0.952±0.006 0.933±0.009
18 1.002±0.008 0.971±0.011 0.971±0.007 0.970±0.007 0.941±0.010
19 0.980±0.012 0.986±0.012 0.959±0.011 0.955±0.006 0.938±0.006
20 1.014±0.006 0.984±0.018 0.961±0.011 0.953±0.005 0.943±0.011
21 0.000±0.000 0.000±0.000 0.000±0.000 0.000±0.000 0.000±0.000
22 0.000±0.000 0.000±0.000 0.000±0.000 0.000±0.000 0.000±0.000
23 0.000±0.000 0.000±0.000 0.000±0.000 0.000±0.000 0.000±0.000
24 1.017±0.012 1.024±0.035 0.993±0.011 0.989±0.014 0.936±0.021
25 1.094±0.017 1.039±0.021 0.997±0.011 0.999±0.010 0.990±0.024
26 1.029±0.010 1.082±0.028 0.994±0.013 0.983±0.017 0.977±0.025
27 1.041±0.010 1.050±0.022 1.001±0.007 0.998±0.010 0.955±0.008
28 1.057±0.009 1.026±0.020 1.011±0.010 1.000±0.010 0.980±0.014
29 1.029±0.009 0.995±0.022 0.988±0.011 0.973±0.007 0.960±0.004
30 1.013±0.019 1.071±0.032 0.985±0.011 1.018±0.020 0.964±0.012
31 0.980±0.016 0.989±0.022 0.955±0.012 0.963±0.014 0.915±0.008
32 0.989±0.004 0.978±0.024 0.985±0.013 0.977±0.018 0.937±0.016
33 1.004±0.006 1.055±0.022 1.020±0.014 1.034±0.020 0.914±0.032
34 0.976±0.011 1.028±0.025 0.990±0.017 1.018±0.018 0.942±0.020
35 0.981±0.027 1.032±0.042 1.016±0.018 1.045±0.015 1.019±0.015
36 0.965±0.013 1.039±0.019 1.015±0.011 1.067±0.010 1.033±0.013
37 0.916±0.040 1.054±0.041 1.045±0.019 1.082±0.012 1.010±0.046
38 0.000±0.000 0.000±0.000 0.000±0.000 0.000±0.000 0.000±0.000
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13 Comparison RGS 1 – RGS 2

Figure 12: Average RGS 1 and RGS 2 rectification factors
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Figure 13: Comparison of the average RGS 1 and RGS 2 rectification factors
for the selected targets.
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Figure 14: Comparison of the average RGS 1 and RGS 2 rectification factors
according to the PN filter.
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Figure 15: Comparison of the average RGS 1 and RGS 2 rectification factors
according to the date of observation, in groups of 400 revolutions.
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Table 11: Average Rectification Factors
Wavelength RGS1 RGS2
6 1.025±0.021 1.052±0.021
7 0.991±0.007 0.981±0.007
8 0.975±0.007 0.968±0.006
9 0.958±0.006 0.958±0.006
10 0.968±0.006 0.978±0.006
11 0.971±0.005 0.977±0.004
12 0.998±0.007 0.970±0.006
13 0.953±0.007 0.983±0.005
14 0.986±0.006 0.983±0.006
15 0.988±0.006 0.970±0.005
16 0.971±0.005 0.993±0.006
17 0.982±0.005 0.959±0.006
18 0.992±0.005 0.971±0.005
19 0.963±0.007 0.968±0.006
20 0.966±0.005 0.977±0.007
21 0.975±0.005 0.000±0.000
22 0.938±0.005 0.000±0.000
23 0.972±0.007 0.000±0.000
24 1.017±0.006 1.000±0.009
25 1.031±0.007 1.017±0.009
26 1.009±0.007 1.007±0.009
27 0.991±0.006 1.006±0.008
28 1.000±0.009 1.013±0.007
29 0.995±0.008 0.995±0.007
30 1.001±0.009 0.999±0.011
31 0.994±0.009 0.963±0.009
32 1.016±0.009 0.981±0.008
33 0.991±0.009 1.018±0.009
34 0.995±0.011 0.993±0.010
35 1.000±0.007 0.988±0.013
36 1.009±0.025 1.012±0.009
37 0.983±0.028 1.035±0.019
38 1.030±0.065 0.000±0.000
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14 Comparison with previous calibrations

Figure 16: Comparison of the rectification factors obtained with the the
different sets of calibrations.
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Figure 17: Dependence on time of the RGS 1 rectification factors obtained
with the the different sets of calibrations.
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Figure 18: Same as previous figure, but for RGS 2.
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15 The Isolated Neutron Star RX J1856.6-3754

Figure 19: Average rectification factors obtained from the three blazars
compared with those obtained from 14 observations the INS RXJ1856-3754.
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Figure 20: RGS 1 rectification factors obtained for RX J1856.6-3754 with
the the different sets of calibrations.
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Figure 21: Same as previous figure, but for RGS 2.
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16 Appendix
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16.1 RGS 1

16.1.1 3C 273

Figure 22: Summary of the results for 3C 273, RGS 1. From top to bottom,
average rectification factor, by filter, and by epoch.
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Figure 23: Comparison of the rectification factors for RGS 1 and RGS 2 for
3C 273.
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Figure 24: RGS 1 rectification factors for 3C 273. In the top panels, black
symbols represent individual observations, and red points the average and
standard deviation. The bottom panel shows the average factor, and the
factors by filter and by epoch
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Figure 25: Time evolution of the RGS 1 rectification factors for 3C 273.
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16.1.2 H1426+428

Figure 26: Summary of the results for H1426+428, RGS 1. From top to
bottom, average rectification factor, by filter, and by epoch.
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Figure 27: Comparison of the rectification factors for RGS 1 and RGS 2 for
H1426+428.
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Figure 28: RGS 1 rectification factors for H1426+428. In the top panels,
black symbols represent individual observations, and red points the average
and standard deviation. The bottom panel shows the average factor, and
the factors by filter and by epoch
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Figure 29: Time evolution of the RGS 1 rectification factors for H1426+428.
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16.1.3 PKS 2155-304

Figure 30: Summary of the results for PKS 2155-304, RGS 1. From top to
bottom, average rectification factor, by filter, and by epoch.
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Figure 31: Comparison of the rectification factors for RGS 1 and RGS 2 for
PKS 2155-304.
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Figure 32: RGS 1 rectification factors for PKS 2155-304. In the top panels,
black symbols represent individual observations, and red points the average
and standard deviation. The bottom panel shows the average factor, and
the factors by filter and by epoch
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Figure 33: Time evolution of the RGS 1 rectification factors for PKS 2155-
304.
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16.1.4 RX J1856.6-3754

Figure 34: Summary of the results for RX J1856.6-3754, RGS 1. From top
to bottom, average rectification factor, by filter, and by epoch.
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Figure 35: Comparison of the rectification factors for RGS 1 and RGS 2 for
RX J1856.6-3754.
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Figure 36: RGS 1 rectification factors for RX J1856.6-3754. In the top
panels, black symbols represent individual observations, and red points the
average and standard deviation. The bottom panel shows the average factor,
and the factors by filter and by epoch



16 APPENDIX 62

Figure 37: Time evolution of the RGS 1 rectification factors for RX J1856.6-
3754.
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16.2 RGS 2

16.2.1 3C 273

Figure 38: Summary of the results for 3C 273, RGS 2. From top to bottom,
average rectification factor, by filter, and by epoch.
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Figure 39: RGS 2 rectification factors for 3C 273. In the top panels, black
symbols represent individual observations, and red points the average and
standard deviation. The bottom panel shows the average factor, and the
factors by filter and by epoch
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Figure 40: Time evolution of the RGS 2 rectification factors for 3C 273.
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16.2.2 H1426+428

Figure 41: Summary of the results for H1426+428, RGS 2. From top to
bottom, average rectification factor, by filter, and by epoch.
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Figure 42: RGS 2 rectification factors for H1426+428. In the top panels,
black symbols represent individual observations, and red points the average
and standard deviation. The bottom panel shows the average factor, and
the factors by filter and by epoch
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Figure 43: Time evolution of the RGS 2 rectification factors for H1426+428.
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16.2.3 PKS 2155-304

Figure 44: Summary of the results for PKS 2155-304, RGS 2. From top to
bottom, average rectification factor, by filter, and by epoch.
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Figure 45: RGS 2 rectification factors for PKS 2155-304. In the top panels,
black symbols represent individual observations, and red points the average
and standard deviation. The bottom panel shows the average factor, and
the factors by filter and by epoch
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Figure 46: Time evolution of the RGS 2 rectification factors for PKS 2155-
304.
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16.2.4 RX J1856.6-3754

Figure 47: Summary of the results for RX J1856.6-3754, RGS 2. From top
to bottom, average rectification factor, by filter, and by epoch.
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Figure 48: RGS 2 rectification factors for RX J1856.6-3754. In the top
panels, black symbols represent individual observations, and red points the
average and standard deviation. The bottom panel shows the average factor,
and the factors by filter and by epoch
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Figure 49: Time evolution of the RGS 2 rectification factors for RX J1856.6-
3754.


