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® Basic principles of X-ray astronomy
« SAS grand-scheme
* What you should do even before you install the SAS
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Basics of X-ray anaIySis

esa

X-ray detectors are photon-counting — two main consequences:

e X-ray astronomy is an intrinsic Poissonian science
— Scientific products can have a few or even zero events in large
ranges of their parameter spaces

 The “king” in the X-ray realmisthe event, characterised by:

— position on the detector

— “pulse height”, which is related to the X-ray energy of the
Incoming photon in a complex and generally non-linear way

— arrival time at the spacecraft

— event “shape” (used to separate X-ray events from particles)

— CCD number, and other secondary attributes (you don’t
generally have to worry about)
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Event list

When? Where? Who? What?
| TIME ] = ¥ _ | PHA 1 Pl | PATTERH | CCDHR
D Jd d | | B B
5 0.05 ARCSECONDS 0.03 ARCSECONDS CHAaH CHAH

1 O E0e202266412E+07 23743 213320 423 144°7 o 1
s 9 50620226641 2E+07 28728 219490 25 Qg ] 1
3 9 06202527 T1TE+0OTY 28176 31623 25 QT ] 1
4 9 E0e20252TF1TE+OT 29329 a0841 327 1131 ] 1
a 9 E0e20252TF1TE+OT 23686 19319 a1 1854 ] 1
b 9 50620304561 1E+07 25510 32711 1810 5171 ] 1
i 9 5062035666 20E+07 29814 28823 102 a0 ] 1
8 9 SB06R203BEea26E+0T 26635 J0e01 2062 TO2a ] 1
9 9 5062043466 25E+07 25429 20314 43 15149 4 1
10 9 S0e204606629E+07 20691 28728 1a08 5471 3 1
11 9 S0e204606629E+07 27939 29777 202 Tao ] 1
12 9 S0e204606629E+07 21937 25T 117 402 2 1
13 O E0e204266632E+0T 2138 32491 ARE 15809 ] 1
14 9 S0e204366632E+07 27204 29741 a4 23095 ] 1
15 9 50620512663 8E+07 RE124 LDO257 290 Q94 ] 1
16 9 5020590664 3E+07 23193 187495 1398 4771 ] 1
17 9 S0eZ06leeedeE+07 23224 19326 276 Q50 ] 1
18 O E0e206946653E+07 LTTEE L8979 1283 B3T ] 1
19 9 S0e207T206939E+07 QR533 28553 a3 118 ] 1
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Science as projection
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The X-ray scientific products can be seenas  projections onto the
sub-spaces defined by the event physical quantities

* By collapsing time and space, one gets an energy di  stribution function
(spectrum) in units of counts per energy bin

* By collapsing time and energy, one getsa 2-D  image in units of counts
per pixel

« By collapsing space and energy, one gets an intensi  ty time series in
units of counts per time bin

These scientific products are expressed in units th at are
Indirectly related to the intrinsic properties of cel estial sources
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Transfer function
.esa

When all candles be out, all cats be gray.

p—n spectrum of a bright Active Nucleus o Spectrum of an active star
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SAS makes two things for you, which no other software can do

* Apply all the transformations, which allow to conve rt instrument

Into physical quantities (whence astrophysical quantities can be

derived) — CALIBRATION

 Optimally screen the data (remove noise, keep source signal only)
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In practical terms ...

Before SAS

(frame number] FRAI\/E

(EPIC raw RAV\[ XYJ

coordinates)
(RGS raw R /\ W XY]
coordinates)

(Energy channel) PI—IA
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» After SAS

A 4

TI I\/E (UTC time)

A 4

[ X’ Y] (sky coordinates)

. BETA CORR, XDSP CORR

(dispersion and cross-disprsion angles)

> Pl (energy)

I(Narre of the colum in the event Iist)J‘
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- function = calibration. esa
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content
ODF esa

« CCD-based event lists, containing uncalibrated data

» Auxiliary and Housekeeping files, p-n/RGS diagnosti c images
» Spacecraft housekeeping FITS
» Spacecraft attitude showing the satellite star trac ker pointing

 Time correlation file (onboard frame counter versus UTC)

FITS files are binary tables, but you do not needt o be afraid of them ...
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The FITS format esa

. Al}no‘st aII‘XI\ﬁM-Néwt‘on data are in FITS ( Flexible Image
Transport System)

 FITS files are constituted by extensions

ETENSION= ‘BINTAELE’ / binary table extension
BITPIX = 8 / 8-bit bytes
NAXIS = 2 f Z-dimensional binary table
. . HAXIS]l = 18 / width of table :@.n bytes
« Each extension contains a s - S e i
. . GCOUNT = é ;': Dmdatafg;pu{d(rgquireg keyword)
header (list of readable strings) B | winmt / Extonsion mane
EXTVER = 1 j gﬂﬁengior} Version
- - TELESCOP= * MM ! TlSS10mn
and a binary data block, either as osmRE- (post / P10 1S Instrunent
. bl 0B5_ID = :gggggjgigiﬁnr ;': gbservat:i.;g Iggrgtifier
an image or as a table Eom - 1 7 Wmerical 1dsntifier of the oo
1 DCDNDDEDi g j )%?goggginate of hottom left corner of window
(SpreadSheet-Ilke) ﬁi%gﬁﬂ; 0/ ¥-Coordinate of bottom left corner of window
YINDOWDE= 610 f Size, along x-axis, of window
WINDOWDY= 602 / Size, aleong y-amis, of window
EDUID = 0 / EDU Identifier
: : : EDUTHE, 3 / b mesmera 119 HEADER
 For historical reasons, the first PRI - 55 7 Erams Intagration T

EMDHUEE = 4095 / EMDH Upper Threshold

bIOCk ( PRI I\/ARY) must COntaIn DATE-0BS= *2002-01-28T20:33:20° / Start time of exposure

Image data, and is frequently left LHEASOFT (ak.a. FTOOLS):
blank o |

http:// heasarc. gsfc. nasa. gov/ftool s/
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IMporntahce of ‘screc

Not only the quality but also the quantity of you X-ray science depend on effieicntly removing noise

NGC5506 (much better) and

NGC5506 plenty of serendipitous source
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XMM-Newton grand-scheme
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Half of the job' IS done
Data
reduction esa

» SAS reduction pipelines are actually already run fo r you by the Science
Survey Centre in Leicester (U.K.)

« The XMM-Newton Science Archive (XSA) contains:
— ODF data

— PPS data, i.e. high-level, quick-look scientific products created by these
pipelines:

e eventlists

» detector and sky images

» source lists and cross-correlation products

e exposure maps

e dispersion/cross-dispersion & dispersion/energy RGS images

* RGS background-subtracted spectra for the brightest source in the field
e attitude time series
* background time series

— EPIC serendipitous source catalogue (2XMM)
— EPIC serendipitous Slew Source catalogue
— XID (optical identification program) images
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What | need to do ... ""“’"""""g:;“”

... before starting analysing data of an XMM-Newton ob  servation:

1. Verify the quality of the pre-processed scientifi c products (PPS),
produced by the automatic SSC processing

2. Check the expected accuracy of the XMM-Newton cal ibrations, through:
1. Instrument calibration status reports
2. SAS Science Validation Reports
3. Current Calibration File (CCF) Release Notes

3. Compare your own set of calibration files with th e latest available
1. Reduce the data again if a calibration file has changed, which may affect your scientific
conclusions. Always stay on the safe side!

4. Once you have the SAS installed, your job is not finished ...
1. Check the SAS “watchout and evergreen” SAS pages, which contain known caveats or bugs
2. Subscribe to the calibration mailing list
3. Install an automatic mirror of the calibration files
4. Make use the threads, would you like to learn something new
5. Contact the HelpDesk, if everything else fails: xnmhel p@nmm vi | spa. esa. es

@-esa
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SAS documentation
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253

e | Deablam) reports |
SAS User's Guide  wsmmm: . P

XMM-Newton Science Operations Cenire

"

Xhk-Newion X , . -
Revolution Home Waltchouls Software reguirements Installadon  Download
1185 -

Jg fixes are ing

Watchout and evergreen tips om0

page.

Before you start surfing through them, You may want to have a look ar a very

The current version is 6.5.0, released August 17, 2005,

A paltch has been rele.

The AMM-Newlon SA

Astrophysics Laboratory.

Within these pages you may find all the information needed to download, install and start using BAS. To proceed, click on the specific link a3 shown on top ofthe

concise SAS descrip

‘Threads

luded with the aim to Imprave the pracessing of XKMM-Mewton

-~ SAS task-by-task documentation

Survey Science Centre at the University of Leicester, Leicester, UK. Most of the code for the Reflector Grating Spectrometer s contributed by the Columbia

ed fo the XMM-Newien help desk

Calibration links

cport any problems fo the Webmaster |

g £ w2 ES | httpfxmm.esac.esa.nt/
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