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1 Introduction

XAssist is a NASA AISRP funded project (NAG 5809) to automate X-ray astro-
physics analysis. The intended audience is X-ray astronomers who want assis-
tance with large projects and nonexperts simply wanting X-ray data points for
spectral energy distribution diagrams, proposals, etc. without having to learn
X-ray analysis simply for that purpose. Currently, the system works best with
Chandra data, although it was initially designed for ROSAT and ASCA data
and XMM-Newton has been a consideration from the beginning of the project.
A quick-look system is available at http://xassist.pha.jhu.edu/xassist/qlook for
simple analysis of the images already archived along with the raw data sets of
the supported telescopes, and inclusion of catalog data (such as the ROSAT
All-Sky Survey detections) will be incorporated. In addition, detailed analysis
of individual sources or fields can be requested as a batch job and a down-
load will be available to run on the users’ systems. The system is written in
the free scripting language Python with C/C++ extensions for numerical and
FITS-related functionality. Building the binaries from the source is an option
but probably only for those with some programming expertise (and preferably
familiarity with CVS).

N.B., note that currently only Chandra ACIS data for non-grating observa-
tions is supported, and optionally only the central 8 of the ACIS FOV is an-
alyzed. There is a parameter to request chip-by-chip analysis (SeparateChips)
however the reporting functionality with that option is not as complete. When
SeparateChips is set to “yes”, each ccd is treated as a separate detector. The
detector name is set to “acis” if the center image is being analyzed, and “ccdN”
when ced N is being analyzed.

2 Requirements

e LHEASOFT, v5 or higher (http://heasarc.gsfc.nasa.gov/docs/corp/software.html)
o ximgfit (http://xassist.pha.jhu.edu/ximgfit)
o XAssist itself

e For Chandra analysis, ciao v3.2 or later and the ciao scripts (most notably
psextract for v3.2 and specextract for v3.3, usually included with ciao).

e For XMM-Newton analysis, XMMSAS v5.3.3 or later is required, v5.4 or
later recommended. Note that there are problems at the moment with
Redhat 8.0 and XMMSAS. Also note that in some cases X Assist will have
to be restarted when analyzing XMM data (e.g., it may fail at the ”detect”
stage, in which case remove the .xassist directory and re-run xassist).

e In all cases, relevant calibration data must be present:

— CALDB for ASCA or ROSAT (see below for url to allow remote
access to the CALDB installation at HEASARC)



— CALDB for Chandra (required for CIAO)
— CCF files for XMM-Newton (download from xmm.vilspa.esa.es).

3 Optional Packages

e pimms (ftp://legacy.gsfc.nasa.gov/software/tools) or prop_pimms (http://asc.harvard.edu/soft/prop port
for conversion of count rates to fluxes (simple case of a ['=1.8 powerlaw
hardcoded for the HRI). In either case, the binary should be in the user’s
PATH list. If pimms is not installed, then the flux column in source lists
will contain 0 for most missions until arfs are generated.

4 Setup

After untaring the ximgfit and xassist tar files in an appropriate location, add
the ximgfit/ and xassist/scripts directories to your PATH system variable and be
sure that LHEASOFT is initialized (and hence the LHEASOFT system variable
is set) before running xassist (not necessary for just running ximefit by itself).
If you are only interested in source detection, ximgfit is not necessary.

There is now a Configure script that can be run (run it in the xassist/scripts
directory) that creates tha ciao and xmm-sas setup scripts, modified xassist/scripts/xassist
with the value of LHEASOFT to be used as a default in case the user forgets
to set LHEASOFT before running XAssist, and copies the xspec tcl scripts to
$HOME/ xspec.

If Configure didn’t set up $HOME/.xspec properly, copy or link the tcl
scripts found in xassist/xspec to your =xspec directory, e.g., if xassist is untarred
into /opt,

cd 7.xspec

In -s /opt/xassist/xspec/* .

If you are running Solaris and don’t have bash installed and in your PATH,
rename the ximgfit.sol and xassist.sol files to ximgfit and xassist.

By default, (ASCA and ROSAT) data are downloaded from ftp://legacy.gsfc.nasa.gov.
If you would prefer a different location, then edit the

self.ftp_host = “legacy.gsfc.nasa.gov”

line in xassist/scripts/xa_acquire.py

If the directory structure of your archive site is different from that of legacy.gsfc.nasa.gov,
then the “remote_path” functions in xa_acquire.py will also need to be modi-
fied, which may require some knowledge of python (however it may be obvious
enough how to do this based on the current examples).

Proper setup of LHEA CALDB is also necessary for complete ASCA and
ROSAT PSPC functionality, most notably for event reprocessing and spectral
analysis (but most other functions should work ok without it). This can be either
a locally installed version, or (better for most users) a remote user setup as de-
scribed at http://heasarc.gsfc.nasa.gov/docs/heasarc/caldb/caldb remote_access.html



For Chandra ACIS analysis, the file xassist/setup_ciao.sh must be set up to
work with your local setup or the parameter “CIAOSetupScript” must be set
to a script similar to xassist/setup.ciao.sh (see “Configuration” below on how
to set parameters). The Configure script should have done this properly, but if
necessary edit this file manually. Chandra data must be downloaded manually
but there is a separate tool, cda.py, available at http://xassist.pha.jhu.edu for
this.

Some early data Chandra data may have been distributed without bias files
(*bias0.fits) and parameter block (*pbk0) files. If these files were downloaded
separately, then set ACISBiasPath to point to the directory containing them.
Otherwise set this parameter to “”.

For XMM-Newton analysis, the CCFPATH parameter must be set to the
location of where CCF file. The script setup_sas.sh must be set to the lo-
cation of the XMMSAS distribution (again, currently this file is created by
Configure). Default values are for these to be installed in /opt/CCF and
/opt/xmmsas/v5.4.1, respectively.

If you want fluxes to be computed from count rates, the pimms executable
must be in your PATH variable (note that fluxes are computed without pimms
once the “reassess” stage of the processing is reached).

5 Functionality

Note that X Assist sets the telescope and X Assist currently performs the follow-
ing functions (each performed in a “package” which is shown in bold):

e Acquire Downloads data from an appropriate archive (ASCA and ROSAT
only) or sets up links to existing data (i.e., downloaded manually or copied
from a CDROM). For CTAO data, see cda.py at http://xassist.pha.jhu.edu.

e Reduce Initial data reduction (including recomputing gain corrections, if
possible) and filtering of bad PHA /PI values to improve signal-to-noise,
creation of full-band images along with a smoothed image for display pur-
poses and a mask image giving the active detector area for detection pur-
poses. For Chandra data, an “exposure” map is generated and that is used
to generate a mask (detector masks are generated also by ciao tools but
this approach is used since the exposure map is useful of course). XAs-
sist will also attempt to fit for the rotation between the sky and detector
coordinates in order to determine the CCD boundaries. N.B., in XAssist
versions prior to 0.889 the PI selection was not optimal for XMM-Newton
data.

e Detect Source detection (using a builtin routine for ASCA and ROSAT,
CIAO wavdetect for ACIS) using a mexican-hat (a.k.a. wavelet) algo-
rithm, and a sliding box algorithm (eboxdetect + emldetect in xmmsas)
for XMM-Newton.



Timeclean “Cleaning” of the background by clipping times when the
background rate is very high or very low (based on the user-defined
parameter) to produce a gti file for use in subsequent analysis. The back-
ground level is determined by excluding each detected source. Note that
if the mask created in the Reduce package is incorrect, then of course the
background level will also be inaccurate.

Simplespatial “Simple” source fitting (i.e., not including the PSF) to as-
sess source significance and extent, based on a small stamp image around
each source with models that include a sloping background and adja-
cent sources. The sources are fit with elliptical Gaussian models (surface
brightness ~ e Xe)*=2 (Y ¥e)*=2 § with and without the position and
extent being “free”, and the statistically most signicant fit is kept in mem-
ory (in general the extent in the X and Y direction are tied, in which case
the source model is a circular gaussian). The fitting is done with ximgfit
(see http://xassist.pha.jhu.edu/ximgfit) using the “C” statistic appropri-
ate for the Poissonian regime.

Assess Flagging of extended (currently only for HRI and ACIS data),
asymmetric, underresolved, and crowded sources. Spatial fit errors are
stored (and written out in the csv file in the top-level directory).

Extract Source and background events lists, images, spectra, and light
curves are extracted for each source. Spectral responses are generated for
each source (rmf files are only retained for sources with ;SpectralMinCnts
counts for which spectral fitting is possible).

Reassess The source flux is re-computed based on the ARF computed
in the Extract package. In the near future, if the source and background
region have sufficient counts, the source and background count rates will
be determined from the extracted events lists (and the flux and source
significance will be updated).

Spectral Absorbed power-law models are fitted to sources using XSPEC
(along with the TCL scripts available at http://xassist.pha.jhu.edu/downloads
to automate the error search). Spectal fitting is only attempted for sources
with more than 100 counts. Fit parameters are stored in the csv file in
the top-level directory.

Temporal Computes the K-S statistic comparing the source light curve
to the “local” background extracted and to the “global” background de-
termined in the timeclean package.

Spatial Currently just extracts “clean” images of the FOV (meaning with
the bgd. filtering done in timeclean), smooths the images with a gaussian
kernel, for ACIS data also optionally adaptively-smoothing with csmooth,
and then attempting to remove sources using a Poisson-deviate replace-
ment system (the proceedure used in the Chandra M82 paper Griffiths



et al. 2000 and similar to the CIAO thread on this point). Future ver-
sions will generate psfs and use them to re-fit the brighter sources in
user-supplied bandpasses.

e Correlation HEASARC tables usno, gsc2, rc3, first, 2mass, veron2001,
and zcat are called for each field and the tables are correlated with the
source list for each detector.

Features under development (although may not be available for some time since
formal funding has ended and development is geared mostly toward usage of
XAssist for Chandra and XMM-Newton survey work):

e Fitting of sources including the PSF (ximgfit currently has semi-analytic
models builtin for the HRI and PSPC, simulators will be used to generate
PSFs for ASCA, Chandra, and XMM).

e Merging of qlook (http://xassist.pha.jhu.edu/xassist/qlook) functionality,
specifically source position lookup and available data determination, into
the full X Assist system so that a user can input a source name and X Assist
will set itself up to process available ROSAT and ASCA data (and later
also Chandra and XMM) for that source.

e A GUI and better batch processing support (including batch jobs that can
be submitted by remote uses who do not want to download and install the
software themselves).

e Simulation for generation of psfs and for use in more advanced analy-
sis (such as more precisely determining detection threshold for extended
sources).

6 Quick Start

An important point is that XAssist works with a “caching” mentality, which
means that (most of the time), if a file exists that it needs to create, it will
skip that step. Conversely, if you want a step to be repeated (i.e., if XAssist is
updated or you change your mind about some setup), then you should delete
the relevant files first.

After installing xassist (see above), create a directory where you want the
processing to take place. When XAssist is run, it will create a directory for each
field you want to process (although it currently can only work with one field at
a time so it must be rerun for each field). It currently doesn’t have the field
lookup capabilities that are in qlook, but glook can be used first to get the list
of fields.

Invocation is as follows:

xassist (-r) (rootname fldname)

if -r is given, xassist proceeds as far as it can and then quits non-interactively
(i.e., good for batch processing).



rootname is a string that will be the prefix of most of the files created by
XAssist, usually the best choise is simply a short name for target of interest in
that field (e.g., n3998). fldname is the name of the field to be processed. “xassist
-r 10193 rh702767n00” will download and process the ROSAT HRI data for field
rh702767n00. Or if you just run “xassist” (or “xassist n0193 rh702767n00“) you
can use (hopefully intuitive) menu options for setting preferences and stepping
through the processing interactively.

There is a shell script “xassist_test” which will download Chandra ACIS data
for NGC 4203 and run xassist. Run this script to test your installation and to
see xassist run (this will create several directories and files within the directory
where you run it so you may want to run it in an empty directory). Below is a
step-by-step example for running xassist manually.

7 Chandra Example

The first step is to generate a script that properly starts the CIAO environ-
ment. Hopefully, this will be fairly straightforward based on inspection of the
script in xassist/setup_ciao.sh. When XAssist is started with an acis field name
(starting with acisf...) the current detector will change to acis and XAssist will
attempt to determine the version of CIAO installed. If this works, the setup
is probably ok. Here we show the example of analyzing the acis observation
of NGC 6500. This example starts an empty directory called “n6500”. lhea-
soft is installed in /opt/lheasoft, xassist is installed in /opt/xassist, pimms is
installed in /opt/pimms, ximgfit is installed in /opt/ximgfit, and ciao 2.2 is
installed in /opt/Ciao2.2. This user’s .login file has the lines: setenv PATH
” Jopt/xassist/scripts: /opt/pimms: /opt /ximgfit /:$PATH”
setenv LHEASOFT /opt/lheasoft/Linux_2.4 1686

7.1 Downloading the data

Download the data by running cda.py:

cda.py ngc 6500

Files to be downloaded:

evt2

evtl

asol

fitl

bpix1

aoff

cda.html does not exist, requesting data list from asc.harvard.edu

Placed request, downloading web page...

etc.

and a file with a name similar to retrieve_416_3242.tar will be downloaded.
Now untar it in a raw data directory:

mkdir rawdata



cd rawdata
tar xvf .. /retrieve_416_3242.tar
cd ../

7.2 Setting up XAssist

Copy over xassist.par and edit it:

cp /opt/xassist/xassist.par .

For this example, change DownloadData to “no” and “DataPath” to “raw-
data/”. This Chandra field is acisf00416 (from the first number in the down-
loaded tar file). You can either edit xassist.par or use the FTOOL pset (note
the “./” is significant):

pset ./xassist.par DownloadData=no

pset . /xassist.par DataPath="rawdata/”

7.3 Running XAsssist

Start xassist with
xassist n6500 acisf00416
XAssist should start up ok and give its main menu:
Main Menu

Save

run init package only

7) Exit

Select 6. This simply sets up an acisf00416,/ directory to hold the xassist
data and output. Select 6 again to run Acquire and links should be setup to the
rawdata/ directory, the fits files verified, and the EQUINOX keyword should be
set to be FITS-correct. From this point on it is worthwile to start a web brower
pointed at n6500/acisf00416 /report/index.html, and then reload the page after
each package runs. Running Reduce should re-process the acis events, creat-
ing a new evt2 file, extract an image of the central 8 and create a smoothed
image. XAssist will also attempt to download the Digital Sky Survey image
covering the central 8’. Running Detect will invoke the ciao tool wavdetect and
should find 6 sources (altough only one with a significance greater than 3 ) .
The simplespatial stage is time-consuming so at this point you may want to
quit xassist and run the remaining processing non-interactively using “xassist
-1 > &xassist.log”. It only runs on sources with ;SpatialMinCnts counts (= 20
by default so in this case only one set of fits is done). After processing has com-
pleted, the final report web page (and its links) should be similar to that shown
at http://xassist.pha.jhu.edu/pipeline/chandra/416 /acisf00416 /report /index.html.
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Configuration

Configuration can be done at several levels. The simplest step is to copy xas-
sist/xassist.par to the current directory where you want processing to occur
and then edit it. An GUI is avaliable to help with this, wxparedit (i.e., af-
ter copying xassist.par do “wxparedit xassist.par”). Parameters can also be
edited within xassist when it is run non-interactively. N.B., xassist.par is only
read the first time xassist is run in a directory (or if .xassist/status is deleted)
unless of course “load preferences” is selected from the configure menu. Param-
eters in xassist.par can also be set on the command line (e.g., “xassist DataP-
ath=/datal”). The parameters are described in detail below.

DownloadData Try to download data from archives if it isn’t already
present. Only relevant at the moment for ASCA and ROSAT data.

UseLinks If a data directory is given (in DataPath parameter, i.e., point-
ing to a cdrom), set up soft links instead of copying the data.

Clobber Clobber existing files instead of skipping that processing step
(not fully implimented at the moment, in most cases the user should delete
any files that should be re-created).

ClobberLog Clobber log files, or else existing log files will be appended
to.

Shell Unix shell to be used for spawning complex external commands,
currently only relevant for setting up ciao (ciao is not simply initialized
once at the start-up of XAssist because in the past this has lead to conflicts
between ciao and lheasoft). This should be the scripting language that
the ciao setup script is written in.

Compress If set to yes, fits files will be compressed (using gzip) after
they are created or processed.

OutputRoot Output filename root, probably better to set this on the
command line invoking X Assist as discussed above.

Verbosity Sets the verboseness of XAssist, probably should be set to 1 or
2 in general. The setting are: 1 normal, 2 more descriptive (most notably
warning that a step is being skipped the file to be generated already exists),
3 external commands are printed (along with their output to stdout), 4-5
diagnostics are also printed.

NumPasses Number of iterations to go through the simple spatial pro-
cedure. On the first pass (with output files labeled “pass0”, the simple
spatial stage is started with a source extent estimate for each source con-
sistent with the psf size at that off-axis angle. For subsequent fits, the
mean of the best-fit major and minor axis is used as the initial source size
estimate.



BgdLCNSigma In the time clean processing, the background light curve
is fitted with a constant and then times where the light curve exceed
BgdLCNSigma from a constant are excluded.

ExpMapEnergy Photon energy to assume when creating exposure maps,
currently only relevant for ACIS data.

BgdLevelMethod The average background level is determined at the
end of the detect stage using the detect results to exclude the sources.
This option determines where the level is determined using the mean or
median of the source-excluded pixels. mean works better than mean in low
exposure time ACIS observations since the typical number of counts/pixel
is very small, and the median routine is based on histogramming the
counts/pixel.

Reprocess Set to true to attempt a reprocessing of the original data
(usually means improved spectral and spatial calibration).

CCDSkipList List which ccds should be excluded from processing (sep-
arate ccd numbers with spaces). By default this is set to CCD 8 since this
ced is problematic in ACIS data.

CCDSkipListDet List which detectors the CCDSkipList should be ap-
plied to.

SeparateChips Treat each CCD chip as a separate detector. Mainly
relevant for ACIS analysis since the BI chips (CCDs 5 and 7) have a
signficantly different response from the FI chips. In this mode all of the
ACIS data will be analyzed.

CIAOSetupScript Location of a script that can be used to initialize
CIAO.

CIAOInit Extra shell commands (most notably including source another
script) to help with the initialization of CIAO. Often should not be nec-
essary.

SASSetupScript Location of script to properly initialize XMM SAS.
SASInit Extra initialization to be called to set up XMM SAS, if needed.
CCFPath Location of CCF files

XMMUseSASforLC Use SAS for generating light curves, if no use
FTOOL fcurve (default is to use fcurve because of bugs in XMM SAS).

ImgELow Along with ImgEHi sets the energy range that the initial im-
age and subsequent data analysis will be limited to (source detection,
source spatial fitting, etc., although spectral analysis will still be in the
full bandpass). The motivation here is that in some cases, such as point
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sources mixed with diffuse gas, some sources will have a very different
morphology in different bandpasses. Set to 0. to signify no energy selec-
tion. N.B., the events list is first filtered to the useful pi range for that
detector to create the events list that is stored in the products/events/
directory, and then that events list is filtered by the pi range appropriate
for ImgELow-ImgEHi when extracting images, spectra and light curves.

ImgEHi See ImgELow.

ClobberRegions Clobber source and background region files? If this is
set to true, any existing region files will be used (either from a previous
run of XAssist or generated by the user) in the Extract package. Region
files that don’t exist will be generated.

SrcNSigma Sets the size of the source region for each source relative to
the fitted extent. L.e., in a simple spatial fits a Gaussian is fit to the image
of each source, and if the best-fit extent is 17 by 2”7, the source region will
be an ellipse of size SrcNSigma” by 2SrcNSigma”.

ExcINSigma Inner radius of region to excluded around each source be-
tween source region and backgroun annulus, defined as with SrcNSigma.

BgdNSigmal Background annulus inner radius, defined as with SrcN-
Sigma.

BgdNSigma2 Background annulus outer radius, defined as with SrcN-
Sigma.

ACISSrcNSigma Same as SrcNSigma, except applied in the case of
ACIS data.

ACISExcINSigma Same as ExclNSigma, except applied in the case of
ACIS data.

ACISBgdNSigmal Same as BgdNSigmal, except applied in the case of
ACIS data.

ACISBgdNSigma2 Same as BgdNSigma2, except applied in the case of
ACIS data.

AsymThresh Currently, whether or not a source is extended is based
on how the fitted source extent compares to the expected PSF size of the
source at that off-axis angle. Right now this comparison is only done in
one dimension, however far off-axis most X-ray PSFs become asymetric.
Until a proper PSF fitting is implimented, if a source is asymetric it will
not be obvious if it is truly extended or not if it is off-axis. Accordingly,
asymetric sources are flagged, and the user need to determine whether
these sources are truly extended or not. This parameter sets the ratio
between the major and minor axis for which source should be considered
asymetric (i.e., if AsymThresh = 0.5, sources are flagged as asymetric if
maj = min > 1:5).
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DeleteSuspectSrcsDelete sources (from memory) flagged as suspect

FluxELow Sets energy range to use when computing fluxes for the output
bandpass (i.e., XAssist will run pimms setting the input count range to
be from the energy range given by ImgELow, ImgEHi and set the output
flux to be for the energy range FluxELow, FluxEHi).

FluxEHi See FluxELow.

MinSNR Minimum signal-to-noise of sources to keep in memory. N.B.,
the SNR is computed using the “Gaussian” formula and the Poisson prob-
ability cut-off (ProbThresh) would be a more precise approach to remov-
ing low significance sources. For cases where the source and background
number of counts are high (say, > 20 counts), MinSNR = 3. should be
equivelant to ProbThresh = 0.997.

ProbThresh Minimum Poisson probability of sources to keep in memory.
Note that Poisson probility is not computed for Solaris systems at the
moment, and in general a source is cut if either the ProbThresh or the
MinSNR conditions are met.

PhIndex Source fluxes are computed assuming a power-law model with
Galactic aborption and photon index Phlndex (N.B, brighter sources are
actually fitted with a power-law spectral model).

RecalcSign Recalculate the significance of faint sources (sources too faint
to allow for spatial fitting) using the computed “global” background level
(in contrast to the significance computed by the source detection routines
based on the local background level).

SpatialDoFitting Spawn (external) spatial fitting jobs. These jobs can
be time-consuming so the user may want to set this parameter to “no”
and then run the shell scripts manually later.

MaxSrcs Only attempt spatial fitting on at most MaxSrcs sources.

MaxOffAng Only attempt spatial fitting on sources whose off-axis angle
is < MaxOffAng.

SpatialFitModelsSeparately Start each successive fit for a source from
initial guesses (or else use output of previous fit).

RequireSpatial Only attempt spectral fitting on sources which have had
spatial fitting done.

SpectralDoFitting Spawn (external) spectral fitting jobs. These jobs
can be time-consuming so the user may want to set this parameter to
“no” and then run the shell scripts manually later.

SpectralMinCnts Minimum number of counts a source must have in
order for spectral fitting to be attempted.
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SpectralRunSmartFit Attempt to get errors on spectral fit automati-
cally.

SpectralBinning Rebin spectra to conatin a minimum of SpectralBinning
counts per bin.

SpectralFitConfusedSrcs Fit spectra from confused sources (i.e., sources
whose spatial extent overlaps at least one other source).

CSmooth Lists the “detectors” for which to apply csmoothing. acis =
the center 8’ of the acis FOV, ccdN = that particular ccd.

CSmoothSigMin Minimum significance of the csmooth “contours”. IL.e.,
the smoothing kernel will be increased until the significance reaches this
level.

CSmoothSigMax Minimum significance of the csmooth “contours”. ILe.,
pixels with a significance in excess of this will not be smoothed.

RemoveSrcs Attempt to remove sources. Set to ptonly to only remove
sources flagged as point sources.

RemoveSrcsThresh Threshold for removing a source count. See ximgfit
manual at http://xassist.pha.jhu.edu/ximgfit for more details.

RemoveSrcsMinCnts Minimum number of (fitted) source counts a source
must have before removal would be attempted. See ximgfit manual at
http://xassist.pha.jhu.edu/ximgfit for more details.

LCBinSizeBin size for light curves, in seconds.
AspectUncertainty Uncertainty of aspect solution, in arcsecs.

ImgSmoothScale Scale (in pixels) for smoothing images for displace
purposes.

GiflmgSize Size of gif images created for the main report HTML page
(in pixels).

LogImgFlag Display images with logarithmic scaling.

DS9R ADecRegion Save *_ds9.reg file with ra/dec rather than pixel co-
ordinates.

PkgX Sets state of package X. notdone means package has not been run
yes (note that processing of couse may have done in a previous run in
xassist, however if xassist is being re-run on a data set, all packages should
be set to notdone so that xassist can update necessary internal data based
on the results of previous runs). done means that xassist has run this
package (in this run of xassist). skip instructs xassist to skip this package
altogether. Non-interactive processing stops when all packages have a
state of “done” or “skip”.
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e MinSearchRad Minimum radius in arcmin to be used for searching for
counterparts (only used by QLook).

e MinFluxErr Minimum fractional error on flux (i.e., F=F > MinFlux-
Err, where F is the error on flux F). Most of the time the systematic
error on fluxes grealty exceeds the statistical error.

9 Hints

Make sure xassist/scripts appears in your PATH before ximgfit/.

If the processing appears to have stalled (i.e., nothing shows up when running
“top”), then check the processes that are running using the “tree” mode of ps
(probably will only work under linux): ps auxf -ww || grep USER
where USER should be replaced by the user running the xassist job. This
problem is known to occur particularly in the following places:

e simplespatial: the spatial-fitting program “ximgfit” occassionally can hang
when it has trouble reading an image (this evidently can even be caused
by a slow NFS server). In this case kill the ximgfit processes that are not
using any cpu time.

e timing: the ks program sometimes hangs under certain circumstances.
This program is basically just a wrapper around the Numeric Recipes
routine and the trouble is occuring within NR. A replacement for NR is
being investigated.

e correlation: perl routines searching HEASARC databases can hang if a
response is not received from GSFC soon enough. A fix to automatically
kill the perl jobs is under development. In the meantime kill the perl rou-
tines that have been running for more than a few hours. Of course, the
correlation stage can be skipped (i.e., by running xassist with PkgCorre-
lation=skip).

A future version will also be more intelligent in general concerning killing ex-
ternal processes that are taking too long.

Restarting often helps resolve problems. Delete the .xassist directory and
then re-run XAssist (giving it the same rootname and field as used previously
on the command line) . If run non-interactively (i.e., with the -r command-line
option) XAssist should detect the existance of most of the processing done pre-
viously and fairly quickly get back to the same point where you left off.

The xassist.par file is only read when XAssist is started for the first time or

re-started (as described in the previous point) in a given directory. If you make
changes to this file after running XAssist on a data set, you must delete .xassist
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and start over for the new parameters to be read in.

Currenly only a subset of options are listed in the Preferences menu. For
the full set, edit xassist.par instead.

A “report” directory is created within the fldname/report directory contain-
ing several web-based reports for the current processing, including an index.html
file as the starting point. To monitor the progress of processing, it is often use-
ful to load (e.g., using “netscape file://‘pwd*/rp702767n00/report/index.html”)
and then periodically reload the page. If you are performing batch processing of
a large number of fields, the report directories can be linked to your web area if
you have a web server running and your sys. admin. allows linking in web areas.
An example of this is shown at http://xassist.pha.jhu.edu/pipeline/chandra.

When you exit xassist, it will save its current status in .xassist/ in the cur-
rent directory. If you invoke it again it will “resume” based on the data in that
directory. If you would like XAssist to start over to reprocess the current field
or to process another field (e.g., for the same source) delete .xassist first (i.e., rm
-rf .xassist). Conversely, if you want it to try and continue on with the current
processing (this should mainly occur if you stopped processing for some reason),
doing “xassist -r” alone should work.

After running xassist, you can check the results by rerunning it interactively
and selecting the report menu commands, or else look at the main html file
produced which will have a link to a source list report (if at least detection has
been done), and the source list report will have links for each source to detailed
simple spatial fitting results if that step has been done.

The simple spatial fitting stage can be time-consuming. That stage is run
externally to XAssist in shell scripts. Therefore, if you have several machines
and/or CPUs, you can set the preference to not do fitting within XAssist, and
spread the fitting jobs out by hand on many cpus. Email ptak@pha.jhu.edu for
more advice on this point if interested.

A file called rootname_fldname_srclist.dat is created (once any sources are in
memory) that has the same info. printed to the screen and in the html srclist
file. These report files are always regenerated whenever xassist is run with that
rootname and fldname.

When running xassist interactively, the source list can be adjusted by using a
program like fv to edit the file fldname/analysis/detect/rootname_det_fldname_phall5_wavdet.fits
where “det” will be hri, pspc, etc. This should be done before proceeding beyond
the detect stage, and then the xassist should be rerun after deleting .xassist so
the new sources will be picked up properly (note that this usage has not been
tested). You can enter dummy values for parameters for new sources other than
source position, although the “counts” parameter should be ;20 so that simple
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spatial fitting will be done to properly determine the real parameter values.

Fluxes in the main table are computed assuming a powerlaw spectrum with
I'=1.8 + Galactic Ny but in general only when PIMMS is installed properly.
When spectral fitting is completed, the spectral fit log file contains fluxes com-
puted based on that fit but at the moment the results are mot copied into
memory.

For processing a large number of fields, a good way to go is to write a script or
program to general directories for each target and within each directory create a
script called something like “run_xassist.sh” that contains something along the
lines of:

rm -rf .xassist

xassist -r 11068 rh700347n00

rm -rf .xassist

xassist -r n1068 rh701352a01

rm -rf .xassist

xassist -r n1068 rh701352n00

Each fits file (both downloaded and produced by XAssist) is checked with
fverify as an integrity check. After this is done successfully, an empty file with
the same name as the fits file with “,v” appended is created to mark the file as
checked. This avoids running fverify again on subsequent runs (the motivation
is to save time and disk wear since some fits files are large, especially Chandra
evtl files). In general, if you delete a fits file also delete the *,v file to make sure
the replacement fits file is checked.

9.1 User-defined Sources

In some cases the user would like to tell XAssist to analyze a specific region for a
detector or detectors (obvious examples include sources missed by the source de-
tection algorithm and composite sources such as the optical extent of a galaxy).
To do this, create a file with the filename rootname_detector_fldname_user.dat
(e.g., 16240_acis_acisf01590_user.dat for analysis of acisf01590 when Separate-
Chips=no). Then the file should have the columns: x/ra y/dec sigx sigy angle
(counts rate). If the first two numbers are end in “d” they are interpreted as ra
and dec values, otherwise they are interpreted as x,y coordinates for the image
in fldname/products/images/ for that detector (e.g., n6240_acis_acisf01590 pil4-
548.img.gz). sigx and sigy are the extents of the sources in arcseconds, in the
same sense as what is listed in the source list reports following the simplespatial
stage. These values are usually similar to half-light radii, and correspondingly
good values for an on-axis ACIS source would be 0.4, 0.4. Another way to look
at these values is the size of the extracted source region will by SrcNSigma times
these values (ACISSrcNSigma in the case of ACIS data). The angle is the rota-
tion angle of the source (in degrees), and obviously the value is irrelavent if sigx
= sigy. With the NGC 6240 ACIS example, if the file contained “253.24523d
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2.4009756d 27.9 19.8 315.” then the extracted product for this source would be
a 111.6” by 79.2” region since ACISSrcNSigma is 4. (by default, configurable as
discussed above), rotated by 315 degrees. If counts and rate are supplied, then
these are reported in the source lists and rate is used when computing fluxes.
Note that XAssist will attempt to determine these during the Reassess stage
from data products extracted for the source during the Extract stage, so the
user supplied values will only be relevant if there is a problem. Also, XAssist
will always try to extract products and responses for user-defined sources (in
contrast to detected sources where responses are only generated or retained if
the source has more than SpectralMinCnts counts). These sources will have the
flag “u” in the source lists.

10 Output Description

Most files created by xassist use a standard file name structure. The file name
roots start with rootname_detector_fieldname. After the pi selection is done in
the Reduce package (to reduce background, primarily), piXXX-YYY is included
in the filename. For output that depends on spatial parameters, passX is ap-
pended to indicate which pass through the fitting process is current (starting
from 0). By default 2 passes are done so the final products will have “passl”
in their filenames. If the flares have been filtered from the light curves, “cl” is
appended to the file names. Finally, if an energy range for analysis has been
selected (using the ImgELow and ImgEHi parameters), then XXX-YYYkev is
also included in the file names.

In the top-level directory (where xassist is run), several files are created. The
most relevant are *_srclist.dat, *_srclist.csv and *srcs_ds9.reg. The *srclist.dat
has the same information as the html source list file, which is a summary of the
data for each source. The csv file has more detail, most notably the errors on
spatial and spectral fitting. The *srcs_ds9.reg file contains ellipse DS9 regions
for each source, optionally in ra/dec (which can then be plotted over the DSS
image for that field, for example), set using the DS9RADecRegion parameter.

XAssist also creates several subdirectories under each field:

data/ raw data downloaded from archive (or links to it)

products/ processed data (images, reduced events lists, etc.)

analysis/ results of analysis of the products

log/ log file(s) produced during processing (currently a “normal” log file with
messages printed to the screen as is the case when verbose j= 2, a catch-all log
all messages, and an error log). A srcs/ directory also contains a log file for each
source where processing messages specific to that source are stored.

report/ A web-page based report of the processing that has been done and
the results.

These are discussed in more detail below. Note that *.reg files are intended
to be read in most cases by ds9, particularly those that have position in degrees
rather than pixels. Also note that the source extents in these region files have
been multiplied by a scale factor (usually 3) for display purposes.
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10.1 Products

This directory contains events and images extracted in the Reduce package,
background events and light curves, and events, images, light curves and spectra
extracted for each source. If the sky/det transormation has been determined,
then the products/events will also have a *_sky.reg and *_det.reg files giving
chip boundaries in sky and detector coordinates, respectively, in ds9 regions.
N.B., the files with “_cl” in their filename have had times of high background
“cleaned” (see the Timeclean package).

10.2 Analysis
10.2.1 detect

This directory contains the output of the detection algorithm. The relavent
files are the *_wavdet.fits file which lists the actual sources and *wavdet.reg and
*wavdet_fk5.reg files which give ds9 regions for the detected sources in image
and ra/dec coordinates.

10.2.2 spatial

This directory contains the model files and results of the simple spatial fitting
(and with later verions also the fitting that will include the PSFs). Since only
the top MaxSrcs sources are fitted, the sources are listed sorted by counts in
*_wavdet_topN.dat, where N = MaxSrcs. The * setup.ximg files setup up ximg-
fit to fit the source initially, with no model name being the elliptical gaussian fit
with everything free, *_pfrozen_* being the fits with the position of the source
being fixed, *_tfrozen_* being the fits with the , and y parameters tied (and
hence the rotations angle being fixed, and the *_ptfrozen_* being the fits with
both the position and fixed (i.e., a circular gaussian fit with only the extent
being free). The fits are driven by *.sh files, with the *pass0.sh file being a main
script that drives the others. Note that the ptfrozen fits have to be completed
first since the other fits are done by thawing parameters in these fits. The
results of each fit are stored in the csv/ directory in comma-separated value
files (results are also stored in xml files in xml/ although this feature is under
development). After the Assess package has run, the statistically-prefered fit is
listed in the *_csvfiles.dat file. After the Extract package has run, the spatial
directory will also contain ds9 region files for each source giving the regions used
to extract products and *_all*reg files showing the regions for all sources. These
region files are created for image (for display over the main image extracted in
the Reduce package), ra/dec, and (in the case of Chandra data) physical posi-
tions. After the Timeclean package has run, totbgd region files, which have the
sources excluded, are also created.
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10.2.3 spectral

This directory will contain xcm files to drive xspec fitting of power-law models
to sources with at least 100 counts, along with sh files to start xspec. csv files
are generated with the results. Other output from smart_fit xspec tcl script is
here also. Later versions will fit other models besides a power-law and selected
the statistically-prefered fit as is dones with the spatial fitting.

10.3 Report Output

Source parameters are listed in the *srclist.dat file (and corresponding html file
in the report/ directory). The flags for each source are:

e d only detection has been done with this source

e s simple spatial fitting has been done, and source parameters have been
updated based on the fit results

e b simple spatial has run but the source is suspect because the fitted cen-
troid deviated by more than 2 from the detection position (where is
the average of the fitted extent in x and y)

e p simple spatial fit was poor, as indicated a disagreement between the
model and observed counts for the stamp image.

x flux has been updated using response generated in the extract package

e c source is confused with another source, meaning that their they overlap
based on the fitted extents

Sources are also given a variability flag (T = true; F = false; U = undetermined)
and an extent flag (T = true, the source is extended; F = false; U = undeter-
mined; A = the source is asymetric and so currently its extent isn’t assessed, B
= “bad” meaning its source extent is less than 1/2 of the PSF extent at that
offaxis angle).

If a source has been fitted but the fitting failed (fit was bad or the final fit had
a source position too far from the original detection position), the simple spatial
results are ignored in that case. The user can manually try and improve the fit
by hand and then upon rerunning xassist the new results will be incorporated.

10.4 DS9 Region Files

A ds9 region file is created in the top directory (*_srcs_ds9.reg) giving ellipses
showing the source extents. Note that as processing progresses, the root file-
name changes to indicate that background light curve cleaning has occured
(“.cl.”) and the number of (simple) spatial fitting iterations (“passX”). The
* _sres_ds9.reg region file is created at the end of each processing stage, so multi-
ple versions of this file will be exist by the end of normal processing. This is by
design so that the user can easily see the impact of the processing, particularly
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the spatial fitting iterations. Note also that the regions are color coded: green
= point sources (or sources where extent has not been assessed yet); blue =
extended sources; red = problematic sources.

11 Running a Pipeline

The shell scripts used to run xassist automatically on large samples are included
in scripts/ directory.

setup_processing_heasarc.sh is for setting up processing of data downloaded
from HEASARC, at the moment ROSAT and ASCA data. In the directory in
which you want the processing to take place create a file called “cache_data.dat”
which lists the full path to where you want the “raw” data (i.e., data downloaded
from the archive) to go. The base directory name should be the name of the field
with a prefix of “rh”, “rp” or “ad” for ROSAT HRI, PSPC or ASCA data. Di-
rectories will be created in the current directory for each field, a “run_xassist.sh”
file will be created to setup up the xassist.par file and start xassist, and process-
ing directory will be created with a link to the full path given in cache_data.dat.
This setup is designed to allow the raw data to be stored on a different disk,
if necessary. Since xassist will look for fieldname/data in the current direc-
tory, a soft link is set up to point from fieldname/data to the location given in
cache_data.dat. For example, if cache_data.dat contains:

/xassist/d1/cache/data/rp700791n00

/xassist/d1/cache/data/rp701268n00

Then these directories will be created if they don’t already exist, directories
will be created with the names rp700791n00 and rp701268n00, and a link will be
created to /xassist/d1/cache/data/rp700791n00 from rp700791n00/rp700791n00/data
(the field name appears twice since it is being used here to identify the data set,
while normally the user would run xassist within a directory with a name like
“mkn42_pspc” within which rp700791n00/data, etc. would be created).

make_web_report.sh will generate web reports along the lines of http://xassist.pha.jhu.edu/pipeline2 /chandr

Email ptak@pha.jhu.edu for more advice on running pipelines and informa-
tion on other shell scripts found in xassist/scripts/.

12 QLook

N.B. QLook has not been under active development for several years now and
may or may not work within a given release of XAssist. If it doesn’t work and
you are interested, email ptak@pha.jhu.edu.

Qlook, originally intended as a web application, can be run as a standalone
application to process a large number of sources. N.B., having prop_pimms
is required for QLook since the current version was also intended to compute
ACIS count rates and pileup fractions, for which prop_pimms was necessary.
This will be an option for the next version. It runs fairly quickly and is good
for getting field names for each source and to assess whether more detailed
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processing with XAssist is warranted. The usage is fairly simple: create a text
file (e.g., input.dat) with something along the lines of

1.01

data/

output/

0.9

1

2.0

test.html

ROSAT

ngc 3079

ngc 3998

where the first line is the version number (leave that unchanged), the next
two are directories to place downloaded data and reports, 0.9 is the Poisson
probability for considering a source to be real (and for use in computing upper-
limits), next a flag for whether or not to display images logarithmically (1=yes,
0=no), next the number of pixels to use for smoothing the images for use in
displaying and source “detection” (detection here is simply the brightest pixel
from the smoothed image within the error circle of the input coordinates), next
ROSAT or ASCA, and finally the desired sources (by name or coordinate, one
per line).

Then run the processing by doing

glook_batch input.dat

13 Advanced Usage

In addition to the xassist.par file, some parameters are configured in data files
stored at xassist/data/missions. There is a subdirectory there for each sup-
ported telescope and detector, with variuos files specifying different types of
parameters. The files contain comments describing the parameters listed. If the
user can write to the xassist/ directories, then modifying these parameters is an
option but of course these changes will affect all users of that xassist installation.

For users familiar with Python, if the file xa_user.py is found in the working
directory, it is loaded and the function xa_user is executed before each package
is run.

14 FAQ

e To reprocess the events list(s), re-extract spectra and generate new re-
sponses, delete the reprocessed events list files from data/events, and then
remove the analysis/spectral and products/spectra directories. Then re-
run xassist after deleting the .xassist directory. To re-extract all products,
remove the products/ directory. To re-do everything from the beginning,
delete the entire fieldname/ directory.
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e The only way to add a source to the processing (i.e., that might have been
missed in the source detect stage) for which you want to have simple spatial
analysis done is to edit the *_wavdet.fits file (e.g., using the FTOOL fv).
This should be done after the detect stage and before any other processing
is done. After editing the wavdet file, either remove .xassist and re-run
xassist or change the processing status of the detect stage to “notdone”
while running xassist interactively.

o If a file exists with the filename
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