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Cl AO + CALDB +
Threads and Scri pts

Al t hough Cl AO cont ai ns Chandra-specific
prograns, the majority of the tools can
work on data from any instrunent.



An exanpl e anal ysi s sessi on:

filter the data
lightcurve, dmgti, dmcopy

sCreate aspect data
asp_apply_sim, asphist
esource detection
cell-, wav-, or vtpdetect

eextract spectra
dmextract

ecal cul ate response
mkrmf, mkarf

fi1t nodels
sherpa

eline identification
GUIDE
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Exam ni ng the background | i ghtcurve
usi ng firstlook
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Plotting colums of the aspect file
usi ng prism
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VWhat 1s Cl AO?

It is a collection of prograns (both
"atom c" and conplex) that can be run
fromthe shell or via a GUJ (unlike

| RAF and M DAS). It cones with a
collection of libraries (and source
code is available) if you want to wite
your own code.

Solaris 2.6, 2.7, 2.8
*Red Hat 6.2

Sl ackware 7.0

Al pha (com ng soon)

VWhat does 1t work wth?

Chandra data is stored in FITS format.
This is the "natural" systemto use in
an anal ysis session, although the QPOE
format I1s supported and others are
under consideration (the plotting tools
read and wite ASCII files).

FI TS headers contain a | arge nunber of
keywords relevant to the data (the
processi ng version and history,
observation details, ...). A single
file can have data in multiple bl ocks
(e.g. GIl or a weight map), and tables
can contain vector columms.



Havigate Visualization

IMAGE PRIMARY HULL £ COHHENT  This FITS file may contain long string keyword

ABLE EVENTS 14 cols, 475869 rows COHHENT  continued over nultiple keywords, The HEASARC

TABLE GTI7 Z cols, 1 rows COHHENT  character at the end of each substring which i

TABLE GTIO 2 cols, 1 rows ﬁgﬂgfggs SEI;he next keyword l-lhl?h has the nane CONTIHU

TABLE GTI Z cols, 1 rows HDUCLAS1 EYENTS 7

TABLE GTI2 2 cols, 1 rows HOUCLASZ  ALL 7
ORIGIN ASC / Source of FITS file

TABLE GTI3 Z cols, Z rows CREATOR  cwc - Yersion CIAD 2.0b / tool that created th
TABLE GTI6 2 cols, 1 rows REYISION 1 /!

| ——————— = | ———————————— R - |
ced ad node_id expno chip det
I N T
84272488, 55042922 {short, short)

84272488 55042922 {short, short) | (short, short)

84272488 .59146923 | 7

84272488 .59146923 | 7
84272488.59146923 | 7
84272488.59146923

84272488.59146923

View Moide: Read\Write Processing : 11 of 20

The contents of a level-2 events file
as di spl ayed by prism



The Cl AO Envi r onnent

We recommend the use of an alias called
"clao" to start up the system it sets
up a nunber of environnment vari abl es
and path assignnents (the appearance of
the GQUI tools can be changed using the
~[.CXCdefaults file).

ecilao -v what version you are using
eciao -1 information on Cl AO setup

Par aneter Fil es

Paraneters to prograns can be set on
the command line or, as wth | RAF and
FTOOLS, using paraneter files. These
are stored in ~/cxcds param/ by defaul t,
are cal |l ed <tool>.par, and are ASCI |
files. A nunber of routines are
provided to read and wite to these
files (e.g. plist, pset, punlearn).

These files provide a sinple history
nmechani sm since you can see what you
used the last tinme you ran the tool
(e.g. QU s). They are also useful for
setting paraneters that are not going
to change during a session (e.g. a
bad- pi xel mask for an observation) -
al t hough care nust be taken when
handl i ng nore than one dat aset!



uni X% punl earn dnl i st
uni X% pli st dmi st

Paraneters for /hone/janesmth/cxcds paranm dmi st. par

infile = | nput dat aset/ bl ock specification
opt = data ot i on
(outfile =) Qutput file (optional)
(rows =) Range of table rows to print
(m n: max)
(cells =) Range of array indices to print
(m n: max)
(verbose = 0) Debug Level (0-5)
(node = ql)

uni X% pset dmist infile=acisf01843N001 evt2.fits
uni X% pset dnlist rows=1:2
uni X% pli st dmi st

Paraneters for /hone/janesmth/cxcds paranm dnmi st. par

infile = aci sf01843N001 evt2.fits | nput
dat aset / bl ock specification
opt = data ot i on
(outfile =) Qutput file (optional)
(rows = 1:2) Range of table rows to print
(m n: max)
(cells =) Range of array indices to print
(m n: max)
(verbose = 0) Debug Level (0-5)
(node = ql)

See ahelp parameter for nore information
(tab conpletion, redirection, node val ues)



: Mame Value

Editing a paraneter file using the
toolagent GQUI (avail able via the Analysis
menu of prism & filtwin)



GCetting help

CIAO comes with its own help system
called ahelp. All the tools have their
own help text, as well as a number of

other subjects such as parameter files,
the ardlib, coordinate system ( coords),
and the data model ( dn). Each file

contains a list of associated help
files - to aid browsing - and is also
available on the Chandra web site
( Documents/Ahelp ).

Additional capabilities are provided on
the command line:

« ahelp [-s|-m]|-I] [subject][..context]
« ahelp -k keyword

The web site contains more resources:

the dictionary ( Documents/Dictionary ),
Frequently Asked Questions ( Documents/
CIAO FAQ), Manuals ( Documents/Manuals
and Advanced/Documents ), and the Help
Desk for when all-else fails. Also look

atthe Threads page: Documents/Threads

There are also the Chandra Software
Exchange - where users can contribute
their own software - and the Chandra
Users' Discussion Group (an emalil
list).



Filters, Regions, and GIls

This is an essential part of X-ray data
anal ysis: the renoval of information
froman event list. It may be a

"beni gn" operation (such as excluding a
col umm or binning to produce an i nage)
or the renoval of a set of events (e.g.
to renove periods of high background or
poor aspect solution). Filters can be
supplied as part of a filenane, iIn

whi ch case the operation is perforned
"on the fly":

dnstat "evt2.fits[ EVENTS [ ener gy>300][col s -grade]"”
See: ahelp dmfiltering

eGlls (Good Tinme Intervals) are used to
defi ne what tines periods of the
observation can be used (i.e. contain
valid data). They are generally stored
as a block in the event |ist.

*Regi ons are used to define the source
and background areas of an imge. They
are text files that can be created
manual ly or within ds9, and are used as
a filter (e.g. "[sky=region(source.reg)]").

The filters applied to a file are
stored in its "subspace"; dmlist can
read this history wth opt=subspace.



| D53 with Spectrum—¥ Samma Extensions | ;i“_~.
File Edit Frame Bin Zfoom Scale Color Begion  Agnalysis Help
File lacis_evt2. fits |
Walue I—
WS | [ |
Physical % | |y |
Image % | | |
Frame!  Zoom | 4,000 | Ang | 0.000 |

File | Frame | Bin | Zoarm | Scale | Color ‘ Region |
info front hack sel all sel none del all load save 1ist region

Several of the avail able regions as
di spl ayed by D2



Overvi ew

Dat anodel
copy, filter, extraction, stats,
Chandra Specific
| nstrunment tools: update calibration,
correct for instrunental effects,
find & extract grating data, create
aspect hi stograns
Response tool s: exposure map, PSF,
RVF and ARF
Source Detection
cel | det ect, wavdetect, vtpdetect
Tim ng & Background tools
| 1 ght curve, axbary, get _src_region
Convol utions, Transforns, & Snoothing
csnoot h, aconvol ve, acrosscorr,
apower spect rum
Plotting (*)
Chl PS
Model ling/ Fitting (*)
Sherpa (|1 ke XSPEC, but not
restricted to spectral data)
Spectral Line Identification
GUI DE

(*) powerful data mani pul ation and
scripting capabilities are now possible
wth the inclusion of the S Lang

| nt erpreted | anguage.



Cl AO I n use

firstlook + OIF
(Observation Index File)

)

plots

y

prism filtwin

=prism
An easy way to examne data files
and produce i nages and plots
=filtwn
| nteractive filtering of a dataset

=firstl ook
Create: i1nmage, spectrum |I|ightcurve

The GUJI tools are useful for exploratory
data anal ysis. For the nost flexibility
use the command-I|ine versions.



The contents of an OIF as di spl ayed by
firstlook



File Edit Session Analysis

File
FdatalObs1D1843/primary facistO1§43H001_evtZ fits

I Apply

I Update
I Undo

Update Frum: Imager = | Use I Include = | Lock: I Hone I3 |rd Sys: pixel

Filtering an event file using the filtwin
QU (aka filterw ndow)
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The first few colums of a pha2 file
di spl ayed



Putting it all together

Two I nportant web resources are the
Threads (Docunents/ Threads) and Scripts
( Downl oad/ Scri pts) pages. Threads are
our "howto" docunents, and provide a
st ep- by-step guide to commopn tasks,
while the scripts are witten to
automate certain tasks. These pages -

| 1 ke the whole site - are often
updated, so it is worth visiting them
regul arly.

Current thread sections:

| nt r oducti on
Cl AO and basi c tool use

Dat a Preparation
Cl ean data, correct for problens

| magi ng
Conbi ne data, source detection,
exposure maps, source profiles

| magi ng Spectroscopy
Extract spectra and response data

Grating Spectroscopy
Handl e PHA2 dat a

Sher pa
Fitting, and fake-ing, data



Repr ocessi ng

The threads are designed to work with
data processed using recent calibration
data (so-called "reprocessed” data), so
be careful if using older data. The
estimated conpletion for reprocessing of
old data is April 2001. The web pages
contain infornmation on the differences
bet ween the various processing versions.

CALDB

Much of the interaction wth the

cal i brati on database i s now hi dden and
automatic (e.qg. the setting of gain or
(E maps), although it can be over-ridden
I f required. The main tinmes a user wll
Interact with the CALDB is when naking a
RVF (which needs a Fits Enbedded
Function file), or when querying the PSF
| i brary.



S- Lang

S-Lang has been added to Chl PS and
Sher pa, and provides a programm ng

| anguage wth which to mani pul ate your
dat a.

chi ps> # read data5.dat into 'fit' structure:
chi ps> fit = readfile("data5.dat")

chi ps> # show contents of fit:

chi ps> print(fit)

filename = data5.dat
path = /data/chips/
filter = NULL

ncols =2

nrows =12

coll = Float_Type[12]
col2 = Float_Type[12]

chi ps> # find rows which are > 0:

chi ps> index =where( fit.coll >0)

chi ps> # create xf to contain these rows:

chi ps> xf=fit.coll[index]

chi ps> # we can also use index to get the y values:
chi ps> yf =fit.col2[index]

chi ps> # print the data to the screen:

chi ps> writeascii(stdout,index,xf,yf)

1 05 181205

2 15 2.25558
3 25 26746

4 35 3.05986
5 45 340211
6 55 3.6921

7 65 3.92057
8 75 4.07828
9 85 4.15598
10 95 4.14442
11 105 4.03435



