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EPIC event lists

e[m/p]proc

When?

Where?

]
At which
energy?

produces calibrated & concatenated event lists (also in pipeline products).
Each event is individually time-tagged, and its spa  tial, energy ... properties are registered.
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Browsing an event list: SAS and FTOOLS

Event lists (as most of the XMM-Newton data) are
manipulated with FTOOLS/LHEASOFT , alongside with specific SAS tasks:

o dump FITS files to ASCII:

FITS files , which can be

fdump infile=file.fits outfile=file.asc columns=- rows =-

» visualise header keywords (attributes):

fkeyprint infile=file.fits keynam=KEYWORD outfile=ST DOUT

» show the structure of a FITS file:
fstruct infile=file.fits

e calculate statistics on a column of a FITS file:

fstatistic infile=file.fits colname=COLUMN rows=-

SAS provides a GUI interface to run
these and other LHEASOFT tasks

SAS
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task | group | histary I description ;I
especplot spectral Produces plots of the net source and background spectra far EPI
esplinemap utility Ferforms a spline fit of the background for EPIC source detection
etimeget epic Creation of source and hackground fime series

evigweight epic Weight EPIC event lists with inverse effective area

evlistcomb pipeline Merges event lists from all CCD/hodes into a single event file
evselact filter Filters event lists and extracts images, spectra, timeseries and hij
evravelet utility Source detection routine, using wavelet filtering at several scales
feiump <Unknaownz =<no info file presents

keyprint <uUnknowns <no info file presents

flspec pipeline Computes spectrum of hackground fluctuations for different offaxic
fstatistic <URKADwN > <ho info file presents

fatruct <Unknown = <ho info file presents

enerate <unknownz =<no info file present>

otialign pipeling &ligns asynchranous GTI files to frame readout boundaries

otibuild experimental Constructs a GTI table from an ascii description file

gtimerge gti MERGE two or more GTI tahles into one

hello detna Demo tazk used by developets to implement a task _'Ll
4 | A
XMM Science Analysis System - GUI version 1.52.5 =
Started on Tue May 10 09:34:15 2005

@@ SAS_SUPPRESS_WARNING=1; export 3A5_SUPPRESS_WARMING

@@ SAS_CCF=/ccfoif, export SAS_CCF

@@ SAS_CCFPATH=/coffpub; export SAS_CCFPATH

@@ cd AdimehlerSAS/UEGAEAS-WENTSEE6/PN LI
belongs to groups: <unknownz 7
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Browsing an event list: “fv”

Event files can also be browsed with an ftools Graph

Hewr File...

Open File...
Sky\View...
Catalogs...
VizieR...
Run Ftool...

Display Device

Hide All Windows
File Summary
Header

Tahle

Image Tahle
Vector Tahle

Preference

Cliphoard

Help

Euit

Visualise/manipulat

file headers

e

MOS!

Hame

| Size | Mod Date |

01

0106_0110980401_EMOS2_S002_03_Badpixels.ds
0106_0110980401_EMOS2_S002_04_Badpixels.ds
06_0110980401_EMOS2_5002_0

5_Badpizels.ds

ik Today 09:29
ik Today 03:30
8k

L

Hle Edit Tools / / Help |
Index Extension Type Dimension \ﬂy
|0 Primary Image o Head / | Y
1 EVENTS Binary 12 cols X 155142 rows | oo |ﬂ = Al Select
2 OFFSETS Binary 3 cols X 56 rows Header Iﬂ Flot Al ect
Ed EXPOSU0N Binary 3 cols X 16843 rows Header |ﬂi’ Al Select T
4 BADPIXI Binary  5COlSXA0POWS  peader | EI M | g
oS EXPOSU0Z Binary  3cols X16733r0WS  poader | ﬂ ﬂ, il
B BADPIXDZ Binary 5 cols X 15 rows T | EI ﬂ T [=000
07 EXPOSU03 Binary  3cols X16839r0wS  poader | ﬂ ﬂ, il
8 BADPIXO3 Binary 5 cols X 18 rows T | EI m T
9 EXPOSUN4 Binary  3cols X16833 WS poaier | ﬂ i, il e .

ical User

hall -1

fu:, Header of 01060110

Interface (GUI):

File Edit Colors Tools Zoom Repiot

fv

42,

Edit  Tools

/ﬁan:h for:] |

Graph
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Column Hame

Make a 1D or 2D

TLMin 1
TLMax 51840

Data Min 8885
Data Max 43138
Min 1
Max 51840

Bin Size (128 o

Row Range

MakefClose
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Image pixel:
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Browse the file structure

“Quick and dirty '
scatter plots
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SAS specific manipulation tasks (1)

SAS provides a set of specific tools to manipulate XMM-Newton FITS files, based on
a specific library: the DAL (Data Access Layer):

FTOOLS
addattribute Add an attribute to a dataset fmodhead FostScript Changel.og
dsaddarray Add an array to a dataset fimgcreate  FostScript Changelog
dsaddeolumn Add a column to a table PostScript Changel.og
dsaddeomment Add a comment to an attributable object PostSeript Changel.og
deaddhistory Add a history record to an attributahle chject FPosticript Changelog
dsaddrows Add arange of rows to a tahle PostScript Changel.og
dsaddtable Add a table to a dataset fcreate Postbeript Changelog
dsattr {zet attribute values fikeyprint PostSeript Changel.og
dsconv Convert columns that contain time stamps or angles to real numbers FPosticript Changelog
dscopvattr {Copy a list of attributes to an attributable ffilecat PostScript Changel.og
dscopyblock Copy a list of blocks to a dataset fextract Postbeript Changelog
dscopyeolumn Copy a list of columns to a table faddcol PostSeript Changel.og
dscopvrows Copy a range of rows in the given tahle flookup FPosticript Changelog
dscp {Zopy an chject PostScript Changel.og
dscreatedataset Create a dataset fereate Postbeript Changelog
dsdeletenullvalue  Delete the null value from an array or column PostSeript Changel.og
dshead ASCTT dump of first part of an ohject fdump prdata=no FPosticript Changelog
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SAS specific manipulation tasks (ll)

FTOOLS

dsinfo
dsinserttable
dslatts
dslcols

dsls

dsrmwv
dsnullifv
dspurify
dsrelabel

dsrename

dsreplacenulls

dsreshape
dsrm

dermattr
dsrmrows
dssetarravelerment
dssetattr

desetcolumnelement

dssetdata
dssetlabel
dssetnullvalue
dssetunits
dsstats
dsstruct

dstail
dstranstype
dsvalidate

dsverify

Retrieve information from chject

Insert one table {(source) into another {destination)
List the attributes in the given attributable chjects
List the columns in the given tables anddor or datasets
List the datasets in the given directory

hiove an ohject

Het all data elements in an object to null

Furify a dataset

Eelabel an ohject

Eename an chject

Eeplace the null values in an ohject with a new value
Eeshape the dimensions of an array or column
Delete a list of ohjects

Delete a list of attributes from an attributable
BEemove a range of rows from a table

Set the value of an array element

Set!tdd an attribute

Set the value of a eolumn element

Copy an ohject’s data to another ohject

Set the label of an arrawy, table, column or attribute
Bet the null value of an array or colurnn

Het the units of an array, column or attribute
Produce dataset statistics

Get the structure of a list of datasets

ARCTT dump of last part of an chject.

Convert the datatvpe of a list of chjects

Checl a dataset.

Checlk a dataset.

fmerge

flcol

chimgtyp, fcollen
fdel...
fmodhead
fdelrow
fparimg
fmodhead
fpartab

fstatistics

fdump

fverify

FostScript Changel.og

FostScript Changel.og

PostScript Changel.og
FPostSeript Changel.og

FostScript Changel.og

FPostEcript Changel.og

PostScript Changel.og
FPostSeript Changel.og

FostScript Changel.og

PostEcript Changel.og

PostScript Changel.og
FPostSeript Changel.og

FostSeript Changel.og

PostEcript Changel.og

PostScript Changel.og
FPostSeript Changel.og

FostSeript Changel.og

PostEcript Changel.og

PostScript Changel.og
FPostScript Changel.og

FostScript Changel.og
PostEcript Changel.og
PostScript Changel.og
PostScript Changel.og
FostScript Changel.og
PostEcript Changel.og
FPostScript Changel.og
PostScript Changel.og
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he concept of Good Time Intervals (GTI)

Good Time Intervals:
event list) is accumulated.

EPIC event lists: one GTI extension for each chip.

times, or to remove high particle background phases

GTIs can be generated with SAS task

tabgtigen

GTI files can be subsequently applied to generate ¢

a set of time intervals where a given scientific pr

Important in calculation of

oduct (e.g.: an

exposure

from HK or scientific light curves.

ustomised scientific products:

t1 hv: Binary Table of early times gti.fitsi1] in//d; [N=3E 3
lightcurve.fits Fle Edit Tools Help
| I‘KATEl _1 START _| STOP
20 |- ' Input ’/ : [S).
R table [lightcurye.fits / El
151 timecolumn ITIME / 1 | T..939931992313E+u7| 7.940941992313E+07 |j_
Z | want only the events Output ,/ N -/
Bor <= 10.000 seconds giset |early_times_gtifits o= | IR _j
from the start e -
i epIgEsion | TIME==7.94054e+07 GTI file with one
prefraction |D.5 . L
ﬂ postiraction [05 record, identifying the
L T o : |-— .
0ok WD 000 DS00 000 mingtisiza |0 first 10.000 seconds
L] Run | cCancel | Save Defaults Lﬂ of the observation
§ XMM-Newton

\\\fg‘a
\&\\%-?esa-:":::E"E"ll:ﬂE:§|§:=H

Matthias Ehle



Manipulating event list columns

Event list columns can be algebraically manipulated
existing columns with the SAS task

tabcalc

1. Generation of a column containing the
DISTANCE from a given pixel
[in the example: (18000, 18000) in sky coordinates]

2. Generation of a new TIME column, where times
are expressed as seconds from the observation

to produce new, or to modify
. Examples:

column
columntype
columnunit

‘columnlakbel

B=pression

B

_| PATTERN | CCDNR

kD51 _Evts ds:EVEMNTS Dl
DISTAMCE
realbd -4 l

Lnit
lahel
S@HT((}{—1TDDDJ”*2+(Y—1EEIEIEI)”Z)

Y| DISTANCE | TIMESTAR
B D D

start: _
i sl 2 1| & 6385954086609E+03] 0. 000000000000E+D0
tables MOS1_Evts.ds:EVENTS D' / 0 1| 1 144596365537E+04| 0.000000000000E+D0
g ppr—— — 0 1| 1. 700403202185E+04] 2. 613056555390E+00
! 0 1| 1 745800544647E+04| 2.613056555300E+00
columntype realdd et l 0 1| 5. 836981839958E+03| 2. 613056555330E+00
columnunit  |unit 0 1| 1 651707059378E+04] 7. 80198952555 7E 00
e e 0 1| 1 602210738324E+04| 1.300208248108E+01
0 1| 1 527574633201E+04| 1.560213899612E+01
| Expression JTIME-3.506202266411632E+07 4 1| = 740860197944E+03| 2. 0B0Z13196576E-0L
3 1| 1 1060355EE486E+04| 2. 340216840744E 01
i | i S ssstabilis I 0 1| 1 544272806210E+04] 2. 340216840744E+01
2 1| 8 618750373450E+03| 2. 340216840744E+01
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sel ect | i b: a selection/manipulation library

All operations to manipulate tables and columns in an XMM-Newton event list are driven

by the selectlib library. Examples of allowed operations:

» boolean: “==", “>”" “<=""||", “&&”", “1" ... E.Q.. (CCDNR==1)&&(PHA>=300)

e arithmetic/trigonometric: “+”, “abs(x)”, “sin(x)”, “log(x)” ... E.g.. (log(PIl)>0)

e string manipulation: “upper/lower”, “=*, “>”, “+”, “ascii” ... E.g.. W +‘ XMM' = ‘W XMM’

« definition of a selection expression as a keyword. E.g.: #DISTANCE < 128 if a keyword
DISTANCE == SQRT((X-18000)**2+(Y-18000)**2) exists in a to-be-screened file

* bitwise (BW) operators: “BW AND/OR?”, “left/right sh Ift”

e built-in constants: “#P1”, “#RAD”, “#E”, “TRUE/FALS E" ... E.g.. PATTERN>#PI

XMM-Newton
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Functions for spatial filters

In order to facilitate extraction of scientific pro ducts in spatial regions , a number of
pre-defined selection regions are available in selectlib

point (0 oyl Heolumn Yool unn

line{x0 gl x1 .yl . Hoolumn Yool umn s
circlei{xCenter .yCenter .radius . Hoolumn Y oolumn )

zector {xCenter .yCenter..fromAngzle. tofngle Xocolumn . Y ocolumn: or

piet=Center .yCenter . fromfngle.toAnzle.. Hoolumn. Y ocolomn

ring (xCenter .yCenter,radiusl . radius2  Hoolumn . Yoolumn d or

annulus {=Center..yCenter . radiuzl  radius? . Koolumn ¥ ocolumn
ellipse{=Center.yCenter,xHalfWidth,yHalflidth,rotation.column,. Y column?
elliptannulus {xCenter .yCenter . xHal flHidthInner .yHal fHidthInner
xHalfkidthOuter .yHal FHidthluter . rotationlnner . rotationluter  Hoolumn Y column ? or
elliptring {(xCenter,.yCenter .xHal fHidthInner .yHal FHidtbhInner

xHalfkidthOuter .yHal FHidthluter . rotationlnner .rotationluter . Hoolumn Y column
box (xCenter .yCenter .xHal fhlidth.yHalflidth.rotation. ¥ocolunn, ¥ ocoloumn
rectangleixLoleft .yloleft . xUpRight .yUpRight .rotation.Hocolumn, Y column
rhombus (=<Center .yCenter . xHal FWidth . yHal flidth . rotation . Hcolumn.Yocolumn ) or
diamond {=Center.yCenter . xHal fWidth . yHal fWidth . rotation. Hcolumn Y column?
poluysontx] oyl ol g2 oA yS wd oyd L, L SHeolunn Y ocolomn

Example: to select all events within 128 pixels fro  m the sky pixel (18000, 18000):

circle (18000, 18000, 128, X, Y)
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File-based filters

Three file-based filters exist within selectlib

o GTI-filter : gti(gti.fits, TIME): selects all events, whose TIME belongs to at
least on of the GTIs defined in  gti.fits (assuming that TIME is the event list time
column)

» Mask filter : mask(mask.fits, X 0,Y 0, X,Y): selects all events which fall on a

position [(X 0-X),(Y 0-Y)] , whose corresponding mask value is non-zero. Itca  n be
applied to sky coordinates positions, if the mask c ontains WCS information

* Region filter : region(region.fits, X, Y) : selects all events whose position
(in sky pixels in this case) belongsto  region.fits (cf. McDowell & Rots: FITS
Region Binary Table Design)
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IN-operator

A generic operator family exists, allowing expressi ons of form arith in (...)

mterva.l specification éaltemative eXpression meanmg
é:or(:]or[:)or(:) étrue _0'0‘:-'3":+°'°
vmf' or [ vealf Vcr.f ==x x=vcm’
Vm:‘ or [ vl f or [ val:) Vcrf<=x vq.! <=x < +oo Example
. é(vai.‘}or(umi‘:} Vcrf{x va.!{.‘t{+00 PI |n [100, 300)
* IN-intervals : - S - el I _
v or[.ucrfjor(.um?j;vwf>=x o< <=V IS the same as:
é[:vcrf}or(:vcrf} évm.’}x é—w(z{ml (P|:>100)&&(P|<300)
éa:‘o.' Aior [ o Aid e:‘o Cc=xAM A =X éfoc=xc=.&z’
[ o BEF ée:‘a cx&& hi r=x éfo{x{=ke’
[ o Bz} e:‘a = A e x §f¢c=xcke'
( for Ai) g.-f'o xS A = gfocxc.&e'
* IN-GTI: TIME IN gti(gti.fits) is the same as gti(gti.fits, TIME)
 IN-filter : (X, Y) in circle(18000, 18000, 128) is the same as

circle (18000, 18000, 128, X, Y)

If you are scared enough, you may ask: do | really need to learn all this
stuff to_extract my customised scientific products ?
The answeris no ... as it will be shown in the next presentation.
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