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Abstract

This document describes the Extended Source Analysis Software (XMM-ESAS)
package for the analysis of EPIC MOS and PN observations. This ESAS package,
which relies on XMM'’s Science Analysis Software (SAS) and HEASARC’s FTOOLS,
includes routines which create source and model particle background spectra and
exposure-corrected, background-subtracted (particle and soft proton) images. The
spectra and images are produced for user-defined regions within an observation field
of view. The output files are in standard FITS format. Software for mosaicking mul-
tiple observations of not necessarily co-aligned observations is included in this pack-

age. Note: This documentation is meant to complement the document COOK-

BOOK FOR ANALYSIS PROCEDURES FOR XMM:-
NEWTON [2).

EPIC MOS OBSERVATIONS OF EXTENDED OB-
JECTS AND THE

DIFFUSE BACKGROUND

1 Instruments/Modes
Instrument Mode
EPIC MOS IMAGING, TIMING
EPIC PN IMAGING, TIMING
2 Use
pipeline processing no

interactive analysis ves
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3 Description

This package consists of a collection of XMM-Newton Extended Source Analysis Software (XMM-ESAS)
tasks originally developed by Snowden, et al. and released as a standalone package in 2008. This package
follows the methods outlined in Snowden et al. (2008)[1] for the analysis of extended objects and the
diffuse background using XMM-Newton EPIC MOS and pn observations.

Two separate features are incorporated into ESAS; the capability of creating model quiescent particle
background spectra (Kuntz & Snowden 2008)[1] for user defined regions of the detectors and the capability
of creating background subtracted and exposure corrected images. Also included in the XMM-ESAS
package is software to mosaic multiple and not necessarily coaligned observations of regions on the sky.

This package consists of perl scripts and FORTRAN-77 routines. The perl scrips tie together both the
FORTRAN routines and various XMM SAS tasks and FTOOLS to produce the images, spectra and
filtered eventlists for analysis.

Descriptions for each FORTRAN routine and perl script are as follows:
FORTRAN routines:

adapt-900 adaptively smooths background subtracted and exposure corrected images. For each unmasked
pixel, the program will average neighboring pixels within a circle of increasing radius until a selected
number of counts is reached. The original pixel is then given the average surface brightness for the pixels
within the circle. Binning by 2 or 4 can also be selected.

adapt-2000 adaptively smooths background subtracted and exposure corrected mosaicked images. For
each unmasked pixel, the program will average neighboring pixels within a circle of increasing radius
until a selected number of counts from the count image is reached. The original pixel is then given the
average surface brightness for the pixels within the circle. Binning by 2 or 4 can also be selected.

bin-image produces binned count rate and count-rate uncertainty images of single observations. It can
use either individual exposures or the output of the program comp which can merge all of the exposures
associated with a single ObsID. For each unmasked and binned pixel, the program will determine the
average count rate and the count rate uncertainty. The assumption is that the uncertainty is dominated
by the counting statistics and the the systematics of the background modeling. Binning by 1, 2, 3, 4, 6,
or 9 can be selected.

comb combines the various MOS1 and MOS2 images from a single observation, as well as images from
multiple exposures into single count, exposure, model particle background, and soft proton background
images.

make-mask is called by the perl script cheese in mode=2 to create a cheese mask from the filtered source
list.

merge-comp-rmm creates a merged (mosaicked) count, exposure, particle back-ground, and soft proton
images for multiple observations and exposures.

mos-back (formerly xmm-back) takes the output of the perl script mos-spectra and creates quiescent
particle background spectra and images in detector coordinates, as selected, for EPIC MOS data.

point-source calculates the appropriate Xspec normalization for the extragalactic background given the
user-selected point-source exclusion threshold.

proton produces images in detector coordinates of the model residual soft proton contamination. To do
so, it uses the fitted values of the soft proton component from Xspec and standard detector maps.



XMM-Newton Science Analysis System Page: 3

proton-scale extracts the appropriate scale factors for the solid angle and relative soft proton contributions
to include in spectral fitting.

rot-det-sky is called by the PERL script rot-im-det-sky. It rotates the particle background images out-
put from mos-back and pn-back and the soft proton images output from proton, which are in detector
coordinates, into images in sky coordinates.

sp-partial scales the soft proton spectral fit results from a limited region of the detector to the full field of
view. This allows the user to fit for the soft proton contamination in regions of lower surface brightness
(e.g., an outer annulus for a cluster of galaxies) which can significantly improve the accuracy of the fit.

PERL routines:
clean deletes a number of intermediate and unneeded files after the processing is complete.

cheese does source detection and creates cheese masks for point-source masking during image processing.
Cheese allows the user to set a flux threshold over the field for the removal of the source contributions
to the spectra as well as the images.

mos-filter is the script which does the initial processing of the MOS ODF data. It runs the SAS tasks
cifbuild, odfingest, and emchain (along with a few others) to set up for SAS processing and to create
calibrated photon event files. mos-filter then filters and cleans the event files of soft proton contamination
using the SAS task espfilt. Along with a filtered event file it produces a QDP plot file showing the
observation light curves and indicates the accepted time intervals.

mos-spectra processes the filtered event files to produce a set of intermediate files for the production of
background spectra and images. mos-spectra also produces source spectra and the appropriate Redistri-
bution Matrix Files, RMFs, and Ancillary Region Files, ARFs, for spectral analysis.

pn-filter is the initial processing script for pn data and it performs the same tasks as mos-filter for MOS
data. It substitutes the task epchain for emchain and in addition each exposure is processed in both

normal and out-of-time (OOT) modes.

pn-spectra provides the same functions for pn data as mos-spectra provides for the MOS. However, it also
creates spectra from the out-of-time processing.

rot-im-det-sky rotates both the model particle and soft proton background images from detector coordi-
nates to sky coordinates.

4 Parameters

This section documents the parameters recognized by this task (if any).
Parameter Mand \ Type \ Default \ Constraints ‘

1. Task Adapt_2000 parameters:’ smoothingcounts yes \ real \ 100

[ T/F

Number of counts for smoothing

] thresholdmasking \ yes \ real \ 0.02 \ T/F ‘
Scale factor for excluding regions from mask image smoothing

| nbands | yes | int | 2 | T/F ‘
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Number of bands to merge

| elowlist | yes | int | 350 | 350-800

Lower energy limit for the energy band in eV

] ehighlist \ yes \ int \ 800 \ 800-1000

Higher energy limit for the energy band in eV

’ binning ‘ yes ‘ int ‘ 1 ‘ 1,24

Binning factor (1, 2, or 4)

’ withpartcontrol \ yes \ boolean \ yes \ T/F

Subtract model particle background image?

| withsoftcontrol | yes | boolean | yes | T/F

Subtract soft proton background image?

’ withoﬁ'setbkgcontrol\ yes \ boolean \ yes \ T/F

Subtract offset background image (not fully functional!)?

’ withmaskcontrol \ yes \ boolean \ yes \ T/F

Additional masking using input image?

’ maskfile \ no \ file \ mask.fit \

Input file for additional masking

] fill ‘ no ‘ int ‘ 0 ‘

Number of passes to fill in empty pixels

2. Task Adapt_900 parameters:

] smoothingcounts \ yes \ real \ 100 \ T/F

Number of counts for smoothing

’ thresholdmasking \ yes \ real \ 0.02 \ T/F

Scale factor for excluding regions from mask image smoothing

’ detector \ yes \ int \ 0 \ 0-2

Detector selection

’ nbands \ yes \ int \ 2 \ T/F

Number of bands to merge

] elowlist \ yes \ int \ 350 \ 350-800

Lower energy limit for the energy band in eV

| ehighlist | yes | int | 350 | 800-1000

Higher energy limit for the energy band in eV

] binning \ yes \ int \ 1 \ 1,24

Binning factor (1, 2, or 4)

| withpartcontrol | yes | boolean | yes | T/F

Subtract model particle background image?
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] withsoftcontrol \ yes \ boolean \ yes \ T/F

Subtract soft proton background image?

| withoffsetbkgcontrol | yes | boolean | yes | T/F

Subtract offset background image (not fully functionall)?

’ withmaskcontrol \ yes \ boolean \ yes \ T/F

Additional masking using input image?

’ maskfile \ no \ file \ mask.fit \

Input file for additional masking

’ fill \ no \ int \ 0 \

Number of passes to fill in empty pixels

3. Task Bin_image parameters: ’ thresholdmasking \ yes \ real \ 0.02

[T/F

Scale factor for excluding regions from mask image smoothing

’ detector \ yes \ int \ 0 \ 0-2

Detector selection

| nbands | yes | int | 2 | T/F

Number of bands to merge

| elow | yes | int | 350 | 350-800

Lower energy limit for the energy band in eV

[ chigh [yes  [int ]800 [ 800-1000

Higher energy limit for the energy band in eV

] binning \ yes \ int \ 1 \ 1,24

Binning factor (1, 2, or 4)

’ withpartcontrol \ yes \ boolean \ yes \ T/F

Subtract model particle background image?

’ withsoftcontrol \ yes \ boolean \ yes \ T/F

Subtract soft proton background image?

’ withmaskcontrol \ yes \ boolean \ yes \ T/F

Additional masking using input image?

’ maskfile \ no \ file \ mask.fit \

Input file for additional masking

’ prefix \ no \ string \ 15003 \

File prefix (detector+Sched/Unsched+ExplD)

4. Task Cheese parameters:] prefixm \ yes \ string \

File prefix (detector+Sched/Unsched+ExpID)

’ prefixp ‘ yes ‘ string ‘ ‘
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File prefix (detector+Sched/Unsched+ExpID)

’ prefix \ no \ string \ 15003 \

File prefix (detector+Sched/Unsched+ExplD)

] verb \ no \ int \ 4 \ 0-10

SAS Verbosity (0-10)

| clobber | no | boolean | no | T/F

Clobber existing files?

’ scale \ no \ real \ 0.5 \ 0-1

Energy Fraction (exclusion radius for pt srcs)

] rate \ no \ real \ 1.0 \

Flux threshold for exclusion of pt srcs

’ dist \ no \ real \ \

Minimum separation in arc seconds between masked sources

’ elow \ yes \ int \ 350 \ 350-800

Lower energy limit for the energy band in eV

| ehigh | yes | int | 1250 | 800-1000

Higher energy limit for the energy band in eV

5. Task Cheese_bands parameters:’ prefixm yes \ string

File prefix (detector+Sched/Unsched+ExpID)

’ prefixp \ yes \ string \ \

File prefix (detector+Sched/Unsched-+ExpID)

] verb \ no \ int \ 4 \ 0-10

SAS Verbosity (0-10)

| clobber | no | boolean [ no | T/F

Clobber existing files?

’ scale \ no \ real \ 0.5 \ 0-1

Energy Fraction (exclusion radius for pt srcs)

] ratet \ no \ real \ 1.0 \

Total flux threshold for exclusion of pt srcs

’ rates \ no \ real \ 1.0 \

Soft flux threshold for exclusion of pt srcs

’ rateh \ no \ real \ 1.0 \

Hard flux threshold for exclusion of pt srcs

’ dist \ no \ real \ \

Minimum separation in arc seconds between masked sources

] elowlist \ yes \ int \ 400 2000 \
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Lower energy limit list for the energy bands in eV

chighlist | yes | int | 1300 7200

Higher energy limit list for the energy bands in eV

6. Task Comb parameters: ] caldb \ yes \ string \

QPB data directory (path to esas caldb directory)

’ withpartcontrol \ yes \ boolean \ yes \ T/F

Subtract model particle background image?

’ withsoftcontrol \ yes \ boolean \ yes \ T/F

Subtract soft proton background image?

] alpha \ no \ real \ 1.7 \ 1.0-24

Assumed spectral index for scaling exposure images

’ parameter \ yes \ type \ default value \ constraints

description for mandatory parameter

’ optionalparam \ no \ type \ default value \ constraints

description for optional parameter

’ nbands \ yes \ int \ 2 \ T/F

Number of bands to merge

’ elowlist \ yes \ int \ 350 \

Lower energy limit for the energy band in eV

| ehighlist | yes | int | 350 \

Higher energy limit for the energy band in eV

] mask \ yes \ int \ 0 \ 0-40

Masking control

| ndata | yes | int [ 1 \

Number of exposures in observation

’ prefixlist \ no \ string \ 15001 2U002 \

List of file prefixes (detector+Sched/Unsched+ExpID)

7. Task Make_mask parameters:] inimage \ no \ string \ inimage.fit

Event image for the exposure

’ inmask \ no \ string \ inmask.fit \

Exposure mask

’ outmask \ no \ string \ outmask.fit \

The output file name for the cheese mask

’ reglist ‘ no ‘ string ‘ reglist.fit ‘

The filtered source region list.
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8. Task Merge_comp parameters: ’ caldb \ yes \ string

QPB data directory (path to esas caldb directory)

’ dirfile \ yes \ string \ mydir \ ‘
Dirfile
’ coord \ yes \ int \ 1 \ 1-3 ‘

Coordinate Control (1 =4 ecliptic; 2 =; equatorial; 3 =; galact ic)

] crvalnl \ yes \ real \ \ 0-360 ‘
Central longitude (decimal degrees)

’ crvaln2 \ yes \ real \ \ -90-4+90 ‘
Central latitude (decimal degrees)

] pixelsize \ yes \ real \ \ ‘
Pixel Size (decimal degrees)

] component \ yes \ int \ 1 \ 1-4 \
Component Selection (1 =/ count image; 2 =; exposure; 3 =; QPB counts; 4 =; SP counts)

’ elow \ yes \ int \ 350 \ ‘
Lower energy limit for the energy band in eV

] ehigh \ yes \ int \ 1250 \ \
Higher energy limit for the energy band in eV

’ maskcontrol \ yes \ int \ 1 \ 0-40 ‘
Masking control

’ alpha \ no \ real \ 1.7 \ 1.0-24 ‘
Assumed spectral index for scaling exposure images

9. Task Mos_back parameters: ’ prefix \ yes \ string \ S003

File prefix (Sched/Unsched+ExpID)

] caldb \ yes \ string \ \ ‘
QPB data directory (path to esas caldb directory)

| diag | yes | int | 1 \ ‘
Diagnostic output control

] elow \ yes \ int \ 350 \ ‘
Lower energy limit for the energy band in eV

] ehigh \ yes \ int \ 1250 \ \
Higher energy limit for the energy band in eV

’ cedl \ yes \ boolean \ yes \ T/F ‘
Enable CCD1
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] ccd2 \ yes \ boolean \ yes \ T/F

Enable CCD2

ccd3 es boolean es T/F
! | \ I [T/

Enable CCD3

’ ccd4 \ yes \ boolean \ yes \ T/F

Enable CCD4

ccd5 yes boolean | yes T/F
| [y \ [y [T/

Enable CCD5

’ ccd6 \ yes \ boolean \ yes \ T/F

Enable CCD6

’ ced7? \ yes \ boolean \ yes \ T/F

Enable CCD7

10. Task Mosspectra parameters:’ prefix yes \ string \ S003

File prefix (Sched/Unsched+ExpID)

] region \ yes \ string \ reg.txt \

File with additional region information

’ mask \ no \ string \ 0 \ 0-1

backmask: (0 =; no source masking 1 =; mask using the output of cheese)

] elow \ yes \ int \ 350 \ 350-800

Lower energy limit for the energy band in eV

| ehigh | yes | int | 1250 | 800-1000

Higher energy limit for the energy band in eV

’ ccdl \ yes \ boolean \ yes \ T/F

Enable CCD1

’ ccd2 \ yes \ boolean \ yes \ T/F

Enable CCD2

ccd3 es boolean es T/F
| | \ | ¥ [ T/

Enable CCD3

’ ccd4 \ yes \ boolean \ yes \ T/F

Enable CCD4

’ ccdb \ yes \ boolean \ yes \ T/F

Enable CCD5

] ccd6 \ yes \ boolean \ yes \ T/F

Enable CCD6

] ccd7? \ yes \ boolean \ yes \ T/F

Enable CCD7
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] caldb \ yes \ string \

QPB data directory (path to esas caldb directory)

11. Task Proton parameters: ] prefix \ yes

| string [ S003

File prefix (Sched/Unsched+ExpID)

’ caldb \ yes \ string \

QPB data directory (path to esas caldb directory)

| cedl | yes | boolean | yes | T/F
Enable CCD1
’ ccd2 \ yes \ boolean \ yes \ T/F
Enable CCD2
’ ccd3 \ yes \ boolean \ yes \ T/F
Enable CCD3
’ ccd4 \ yes \ boolean \ yes \ T/F
Enable CCD4
] ccd5 \ yes \ boolean \ yes \ T/F
Enable CCD5
’ ccd6 \ yes \ boolean \ yes \ T/F
Enable CCD6
] ccd? \ yes \ boolean \ yes \ T/F
Enable CCD7
] elow \ yes \ int \ 350 \ 350-800
Lower energy limit for the energy band in eV
[ ehigh | yes | int | 1250 | 800-1000
Higher energy limit for the energy band in eV
’ spectrumcontrol \ yes \ int \ 1 \ 1-2
Spectrum control (1 =; power law; 2 =; broken power law)
’ pindex \ no \ real \ \
power law: index and normalization from Xspec fits
’ pnorm \ no \ real \ \
Power law normalization
’ bindh \ no \ real \ \
Normalization

12. Task Proton_scale parameters:] caldb \ yes \ string
QPB data directory (path to esas caldb directory)
[ mode | yes | int | 1 | 1-2
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Mode (1: single region; 2: multiple regions with the required i nput provided in a text file)

’ detector \ yes \ int \ 1 \ 1-2

Detector selection (MOS number)

] maskfile \ yes \ string \ region \

Mask image file name

| specfile | yes | string [ specfile \

Spectrum file name

’ spfile \ yes \ string \ spfile \

ASCII text file with the input for multiple regions.

13. Task Rot_Det_Sky parameters:] mode \ yes \ int 1

Mode: 1 - QPB background map; 2 - SP background map

’ prefix \ yes \ string \ 15003 \

Exposure identification prefix (Sched/Unsched+ExpID)

’ elow \ yes \ int \ 350 \ 350-800

Lower energy limit for the energy band in eV

| ehigh | yes | int | 1250 | 800-1000

Higher energy limit for the energy band in eV

’ detx \ yes \ real \ \

Central X pixel in detector coordinates

’ dety \ yes \ real \ \

Central Y pixel in detector coordinates

] skyx \ yes \ real \ \

Sky X reference pixel

] skyy \ yes \ real \ \

Sky Y reference pixel

’ maskfile \ no \ file \ mask.fit \

Input file for additional masking

14. Task Rotimdetsky parameters:] prefix \ yes \ string \ 15003

Exposure identification prefix (Sched/Unsched+ExpID)

[ elow | yes | int | 350 | 350-800

Lower energy limit for the energy band in eV

[ chigh [yes [t [ 1250 [800-1000

Higher energy limit for the .energy band in eV

’ mask \ no \ string \ ‘

Input file for additional masking
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mode \ yes \ int \ 1 1-2
Mode: 1 - QPB background map; 2 - SP background map

15. Task Sp_partial parameters:’ caldb ‘ yes ‘ string ‘

QPB data directory (path to esas caldb directory)

’ detector \ yes \ int \ 1 \ 1-2 ‘
Detector selection (MOS number)

] fullimage \ yes \ string \ image.fit \ ‘
Full region image file name

’ fullspec \ yes \ string \ spec.fit \ ‘
Full region spectrum file name

] regionimage \ yes \ string \ rimage.fit \ ‘
Selected region image file name

] regionspec \ yes \ string \ rspec.fit \ \

Selected region spectrum file name

’ rnorm \ yes \ real \ \ ‘
Selected region Soft Proton normalization

5 Errors

This section documents warnings and errors generated by this task (if any). Note that warnings and
errors can also be generated in the SAS infrastructure libraries, in which case they would not be docu-
mented here. Refer to the index of all errors and warnings available in the HTML version of the SAS
documentation.

label (error)
explanation

label (warning)
explanation
corrective action: this is the corrective action

6 Input Files

1. Adapt_2000: maskfile (Input file for additional masking).
2. Adapt_900: maskfile (Input file for additional masking).

3. Bin_image: maskfile (Mask file name).
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10.
11.
12.
13.
14.
15.

Make_mask: inimage (The event image for the exposure).
Make _mask: inmask (Exposure mask).

Make_mask: reglist (The filtered source region list).
Mosspectra: region (File with additional region information).
Proton_scale: region (Mask image file name).

Proton_scale: specfile (Spectrum file name).

Proton_scale: spfile (ASCII text file with the input for multiple regions).
Rot_Det_Sky: maskfile (Input file for additional masking).
Sp_Partial: fullimage (Full region image file name).
Sp-Partial: fullspec (Full region spectrum file name).
Sp-_Partial: regionimage (Selected region image file name).

Sp-Partial: regionspec (Selected region spectrum file name).

7 Output Files

See individual routine documents in this directory for output file descriptions.

8 Algorithm

9 Comments

We would like to thank members of the MOS and pn hardware and software teams, the XMM-Newton
SOC at the European Space Astronomy Center (ESAC), and other members of the EPIC Background

Working Group for their contributions which ranged from helping us to understand instrument and soft-

ware issues to the identification of filter-wheel closed observations in the archive. Users of this package
should be aware of the informational web pages covering the background issues of EPIC observations at:

http://xmm.esac.esa.int/external/xmm sw_cal/background/index.shtml
and the EPIC Calibration Status document at:
http://xmm.esac.esa.int/external/xmm sw_cal/calib/index.shtml.
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