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Chapter 1

Description

1.1 What is aXe?

The aXe software was designed to extract spectra in a consisht manner from all
the slitless spectroscopy modes provided by the Advanced Qaera for Surveys
(ACS) which was installed on the Hubble Space Telescope in Bguary 2002.
What we refer to as aXe is in fact a PyRAF/IRAF package with several tasks
which can be successively used to produce extracted spectrdhere exist two
classes of aXe tasks (see Figure.l):

1. the Low Level Tasks work on individual grism images. All input and
output refers to a particular grism image.

2. the High Level Tasks work on data sets. Their aim is to perfom certain
processing steps for a set of images.

Often the High Level Tasks use the Low Level Tasks to do a certa reduction
step on each frame (see Figurd.l).

The High Level Tasks were designed to cover all steps of the aXreduction
without any restriction in functionality. Working with aXe therefore means to
apply the four High Level Tasks to a set of data. All tasks are ontrolled through
a set of con guration les which can be edited by the user and gtimized for a
given data set.

The core of the software package is written using ANSI C and Pthon
(http://www.python.org ) and is highly portable from one platform to another.
aXe uses the third party libraries CFITSIO, GSL, and WCSLIB w hich have
been successfully employed under Linux, Solaris, and MacOZX.

aXe is distributed as part of the STSDAS software package. Wthin STS-
DAS, aXe is located under the subpackages 'hstalib/acs/axe/'. As a relatively
young software project which is still under active developnent, the changes and
improvements introduced with new releases are quite largeTo give users the
possibility to work always with the newest release, we also idtribute aXe on

7



8 CHAPTER 1. DESCRIPTION

Figure 1.1: The list of aXe tasks. The arrows indicates the iteraction between
the High Level and the Low Level Tasks

the aXe webpages atttp://www.stecf.org/software/slitless _software/axe/. On
this webpage we always o er the latest aXe release for downbd.

1.2 Slitless Spectroscopy

In conventional spectroscopy, slits or masks are used to allv only the light
from a small portion of the focal plane of the telescope to erdr the dispersing
device (e.g. grism, grating or prism). This results in an unanbiguous conversion
between pixel coordinates on the detector and wavelength.

In slitless spectroscopy there is no unique correspondend®tween pixel co-
ordinates and wavelength. Consequently, the spectral redction on the basis of
the spectroscopic data alone is impossible. Additional idrmation concerning
the positions of the object must be added to facilitate the sgctral reduction.
In aXe this is done by providing Input Object Lists (IOL) at th e beginning of
the reduction process. In the Input Object List the object positions are given
in the image-coordinate system or the world coordinate sysm. This allows the
determination of the so called reference pixelfor every object. The reference
pixel is the undispersed object position in image coordinats on the grism data.
For each individual object, it is then possible to assign a waelength to each
pixel.

In conventional spectroscopy the extraction of the 1D speata from the 2D
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Figure 1.2: A grism image of the HUDF HRC Parallels Program (keft panel)
and the aXe-beams therein (right panel). The numbers and cheacters give the
spectral order and the beam label in aXe. The bright areas mat the overlap of
several beams.

data is done along the direction of the slit or mask. In slitless spectroscopy,
such a prede ned extraction direction does not exist. It is in fact possible to
de ne a di erent extraction direction for each object indiv idually by adjusting
the wavelength assignment to be constant along the chosen gaction direction
(see Fig. 1.3). In aXe the default action is to set the extraction direction to be
parallel to the object position angle as given in the Input Object List.

The absence of slits and masks also dramatically enhances dhprobability
that spectra of di erent sources overlap each other. Even afarge distances along
the dispersion direction, the di erent orders of two objects still can overlap and
create confusion problems. aXe can mark and extract severalispersion orders
per object to properly record the source confusion or contanmation for every
order of each object.

1.3 Apertures and Beams

The extraction process in aXe is done on the basis of so calldBEAMs. Each
beam comprises one dispersion order of one object. The calteon of all beams
(dispersion orders) of one object is called theAPERTURE . The aperture is
characterized by the aperture number, which is identical tothe object number
in the Input Object List. The beams are named with a single chaacter. The
alphabetical sequence 4, B, C, ... ) follows the sequence of beams de ned
in the Con guration File. Each beam is de ned by the coordinates of the
quadrangle which contains the pixels that are extracted togther to form the
spectrum of one dispersion order of an object.
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Figure 1.3: The beam geometry in a beam. A single wavelengttsiassigned to
each of the pixels within a beam. An extraction along an arbitary direction

with respect to the pixel grid is allowed. This optimizes the resolution of
the nal extracted spectrum. In this gure we show as the orientation of an
extended object.

The beams follow the spectral trace of the spectrum, which isde ned in
the Con guration File. While the length of a beam is set by the length of the
corresponding dispersion order, its width is adapted to theextraction width set
by the user.

The left panel in Figure 1.2 shows an HRC/G800L grism exposure reduced
in the HUDF HRC Parallels Program (cleaned from cosmic-ray hts). In the
right panel, some of the beams marked and extracted in aXe arandicated. The
numbers give the spectral order, and the letters denote the @rrespondence with
the beam in the con guration le. The bright areas mark regio ns where beams
overlap and contaminate their spectra mutually. The di ere nt extraction angles
for the objects result in di erent shapes of the marked regims. For each beam
the description of the spectral trace and the wavelength asgnment is set up
and the spectral reduction is done independently.

1.4 Pixel Extraction Tables (PET)

An important step in the aXe reduction process is the generaibn of the so called
Pixel Extraction Table (PET). A PET is a multi-extension ts-table which stores
in each extension the complete spectral description of all pels of one beam.
Figure 1.3illustrates the geometry in a beam and shows various quanties stored
in the PET. Important pixel information stored in the PET is:
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Figure 1.4: How a one-dimensional spectrum is created usingformation from
the Pixel Extraction Table (see Chapt. 7.8). Each pixel in the table is projected
onto the trace into separate wavelength bins. The number cont of each pixel
is weighted by the fractional area of that pixel which falls onto a particular bin.

the section point, de ned as the point where the spectral trace intersects
a line drawn through the center of the pixel along the extracion direction

the distance to the section pointd;

the trace distance X;; of the pixel (which is equal to the trace distance
of the section point)

the wavelength attributed to the pixel (derived by insertin g the trace dis-
tance into the dispersion function stored in the con guration le)

The PETs are read and manipulated by many aXe tasks. For exam[e, a
at- eld correction is applied to the pixel values stored in the PETs. Since at-
elding is a wavelength dependent operation, the assignmetnof a wavelength to
each pixel is required before the correction values, derivefrom a 3D ateld
cube (see Chapt.6.2), are applied.

1.5 Generating 1D spectra

The geometry required to convert the contents of the PET to a ®t of one
dimensional spectra stored in the Extracted Spectra File (¥C) (see Chapt.
7.1]) is shown in Figure 1.4. The method accounts for the geometrical rotation
of the square pixel with respect to the spectral trace and appopriately projects
each pixel onto the trace. To do this a weighting function is wsed which is the
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fractional area of the pixel which, when projected onto the tace, falls within
the bin points 1 and ,. The ux contained in each BEAM pixel is weighted
by this weighting function as it is projected onto separate ns (o to 1, 1 to
2, and , to 3 in Fig. 1.4) along the spectral trace. The weight is computed
by integrating over the length of the segments such a$( ) shown in Figure 1.4.
The length of these segments is nonzero fromg to x3, reaches a maximum
value of 1=sin( ), and rises and decreases linearly such that it can be desbtéd
by: 8

3 m(x Xg) if Xop X X1

(x) = I max ifxg x Xz

2 m(xz x) ifxz2 X Xs

"0 otherwise
wherem = |pax =(X1 Xp)

Integration over this function [(x) to compute w( o; 1);W( 1; 2), andw( 2; 3)
is trivial once Xp;:::;; X3 have been computed, which are derived from simple
trigonometry.

Once the one dimensional spectra have been generated, the ah step of
ux calibrating can be performed by applying a known sensitivity curve for the
observing mode which was used. The output product of the aXe xraction
process is a FITS binary table containing the set of extractel and calibrated
spectra (Extracted Spectra File, see Chapt.7.11).

1.6 Sky Background

aXe has two dierent strategies for removal of the sky backgound from the
spectra.

The rst strategy is to perform a global subtraction of a scaled \master-sky"
frame from each input spectrum image at the beginning of the eduction process.
This removes the background signature from the images, so #t the remaining
signal can be assumed to originate from the sources only and extracted without
further background correction in the aXe reduction.

The second strategy is to make a local estimate of the sky bagkound for
each BEAM by interpolating between the adjacent pixels on eiher side of the
BEAM. In this case, an individual sky estimate is made for evey BEAM in
each science image.

1.6.1 Global Background Subtraction

The homogeneous background of HST grism exposures makes thébal back-
ground subtraction from the pipeline processed science inges (i.e. _t. ts les)
feasible. Master sky images for both the ACS Wide Field Chanel (WFC) and
the High Resolution Channel (HRC) are available from the aXewebpages at
http://www.stecf.org/instruments/ACSgrism/ . These master sky images were
created by combining several hundreds of WFC and HRC grism ilages from
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Figure 1.5: Left Panel (a):The master sky for the HRC. The holder for the
coronograph results in the 'arm' with low sensitivity at the top. Right Panel
(b): Background estimate for the grism image shown in Fig.1.2 with the object
regions masked.

di erent science programs. The object signatures on the sence images were
removed using several techniques, including a two step mealn combination, to
derive a high signal-to-noise image of the sky background. igure 1.5a shows
the HRC master sky image.

Scaling and subtraction of the master sky is done with the aXeaask axeprep
(see Fig.1.1). Before scaling the master sky to the level of each scienceaime,
the object spectra are masked out on both the science and the aster sky image.

When reducing a dataset consisting of many individual exposres, it may be
desirable to check the sky subtraction by co-adding all the ky-subtracted grism
images (e.g. with the MultiDrizzle task). The co-added image also provides a
way to quickly assess the quality of the background subtradbn. Any deviations
from zero in the mean background level of the combined image il also a ect
the spectra derived with the aXe reduction.

1.6.2 Local Background Subtraction

The second option for handling the sky background is to make docal estimate
of the background for each object. In this case, aXe createsmaindividual
background image for each object on the spectrum image. On # background
image the pixel values at the positions of the object beams & derived by
interpolating in each column between the pixel values on badh sides of the
beam. The number of pixels used in the interpolation as well a the degree of
the interpolating polynomial can be chosen by the user. Figue 1.50 shows the
background image corresponding to the grism image displaykin Fig. 1.2,

The background images are then processed in much the same wag the
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Figure 1.6: The contamination image compiled for data takenin the Hubble
Ultra Deep. The dierent colours give the number of spectral orders which
contaminate each other.

science images, resulting in 8ackground Pixel Extraction Table (BPET) for all
BEAMSs in a grism image. Thus, every PET has its correspondingBPET, de-
rived from the background image, with the spectral information of the identical
objects and beams in it. Finally, the BPET is subtracted from the PET and
the background subtracted spectra are extracted.

1.7 Contamination

In conventional spectroscopy an overlay of spectra from dierent sources can
occur only if two or more objects fall within the aperture de ned by a slit
or mask element. However in slitless spectroscopy there isonspatial Itering
of sources. This allows both, overlap of spectra from near righbours in the
cross dispersion direction as well as from more distant soges in the dispersion
direction. For this reason spectral overlap or contaminaton is an ubiquitous
issue for slitless spectroscopy, which must be explicitly dken into account in
the data reduction.

1.7.1 Geometrical contamination

In geometrical contamination the areas covered by the dierent orders of all
objects are recorded on a so called contamination image. Figes 1.2 and 1.6
show the contamination image for data taken in the Hubble Ultra Deep Field
with the HRC and WFC, respectively. In both gures the region s marked black
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Figure 1.7: The Gaussian emission model: spectral informa&tn in four Iters
(left) is employed to compute the model grism image (right). The arrows connect
the direct image positions of one object to its rst order grism spectrum. The
full spectrum used to model this object is also displayed (laver right).

are covered by no spectrum at all, the white or red areas showegions which are
covered by several (up to 15 in Fig.1.6) overlapping spectra, which contaminate
each other.

The information on the number of contaminating sources in Fg. 1.6 is stored
in the object PET and fully propagated in the 1D extraction of the individual
object spectra. As a nal result each spectral element is acempanied by a ag
which indicates whether its input pixels were also part of oher object spectra.
The regions of 1D spectra where the contamination ag is set mst be used with
care, since neighbouring sources also contribute to the esdcted ux.

This contamination scheme is fast and very e cient in identi fying problem-
atic regions in the individual object spectra, but it does nat assist the user to
assess the severity of the contamination, and thereby to dede whether the
contaminated spectrum might still be suitable for further scienti c analysis.
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1.7.2 Quantitative contamination

The quantitative contamination gives, for each spectral element, an estimate
on the contaminating ux from all other sources. Based on this quantitative
contamination estimation, the user has a better tool to dectle which data points
can be trusted.

The basis of the quantitative contamination estimation is a model which
estimates the dispersed contribution of every object to thegrism image. The
contributions of the individual objects are then coadded toa 2D contamination
image, which is a quantitative model of the examined grism inage. In the 1D
extraction of the individual object spectra, the model contribution of the object
itself is subtracted (to avoid self-contamination), and then the data from the
modelled grism image is processed in parallel with the datarbm the real grism
image.

As a result two spectra for every object are derived: one extcted from
the real grism image; and a second one extracted from the moded grism
image. Since the model contribution of the object itself wasexcluded in the
extraction of the latter spectrum, this spectrum is a quantitative estimate of
the contamination from all other sources to the object spectum in question. The
accuracy of the contamination spectrum is set by the accurag of the emission
model which is needed as an input to compute the modelled grism imagy

Two di erent emission models have been implemented, calledhe Gaussian
Emission Model and the Fluxcube Model

The Gaussian Emission Model In the Gaussian emission model, the object
morphologies are approximated by Gaussians with widths takn from the Input
Object List. The spectral information must also be given in the IOL by the
total AB-magnitude in at least one lter passband or wavelength. In this mode
the column name of the magnitudes columns must indicate the avelength with
a simple and intuitive format (such as MAG-850LPfor an AB-magnitude deter-
mined at 850nm, see Chapf7.4 for details on the column names). With a proper
name for the magnitude column MAGAUTOn the old aXe format), the Input
Object List, which is required to run aXe, contains all the data to compute the
contamination with the Gaussian emission model.

Figure 1.7 displays, on the left side, the direct images of the Gaussiaemis-
sion model in four Iters for data taken in the HUDF. The right side of Fig.1.7
shows the modelled grism image computed from the spectrum wh the Gaussian
emission model. The arrows point from the direct image posibns of one object
to the position of its rst order spectrum in the modelled gri sm image. The
spectrum which was employed to model this object is plotted m the lower part
of Fig. 1.7. The interpolated values in between the data points derivedfrom
the AB-magnitudes (at 435, 606, 775 and 850 nm in this case) ar computed
with a cubic spline; outside of the range of magnitudes the spctrum is set to a
constant extrapolation of the last data point.

The images in Fig.1.7 cover the same area as the contamination image in Fig.
1.6. The direct images in Fig. 1.7 were only created for illustration purposes.
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Figure 1.8: The Fluxcube emission model: real images in fourlters (left)
are converted to ux images and combined with the segmentatbn image to a
uxcube le (upper right). The model grism image (lower righ t) is computed
using the data in the uxcube.

In real aXe runs, each lter is just represented by a column inthe Input Object
List which gives the total AB-magnitude of the objects.

The Fluxcube Model In the Fluxcube emission model both, the object
morphologies as well as the spectral information are takenrém the uxcube
le associated with every grism image. A uxcube le is a multi-dimensional
ts image with one or several ux images taken at di erent wav elengths as
extensions. The basis of the ux images are normal 2D imagesi[counts=seqg,
which must be transformed to ux in [ erg=cn?=s=A] using the appropriate
zeropoints. All extensions of the uxcube image must cover he same area as
the corresponding grism image.

The ux extensions in the uxcube provide su cient informat ion to compute
a model grism image. In the determination of the quantitative contamination
however it is essential to derive the individual contribution of each object to
the modelled grism image. This addition is necessary to be db to subtract the
self contamination and to isolate the contamination from other sources for each
individual object.
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Figure 1.9: The extracted spectrum of an object and its contanination informa-
tion. The geometrical contamination scheme (lower panel) st marks suspicious
spectral regions. The quantitative contamination (upper panel) gives an esti-
mate on the contaminating ux from other sources.

For this reason the rst extension of a uxcube image must cortain the so
called "Segmentation Image". In the segmentation image edtpixel value is the
(integer) number of the object to which the pixel is attribut ed. The SExtractor
software provides the possibility to create a segmentationimage (parameter
setting: CHECKIMAGE PE SEGMENTATJI&Nan additional output product of
the source extraction.

The uxcube les necessarily follow a rather complicated |e format. To
support the user in the creation of uxcube les a new aXe task has been
implemented. The new task works in a standard scenario with amultidrizzled
grism image, one or several multidrizzled direct images anda segmentation
image as input.

As an illustration of the Fluxcube model, Figure 1.8 shows on the left side
the segmentation image and the Iter images used to create te uxcube. The
lower right part of Fig. 1.8 displays the modelled grism image derived by the
uxcube emission model. All images in Fig.1.8 cover the identical area of Figs.
1.6 and 1.7 in the HUDF.

The dierences between the new quantitative contamination scheme and
the old, "geometrical’ contamination is demonstrated in Figure 1.9. In the lower
panel the red line indicates spectral elements with the (oldl contamination ag
set. All data longwards of 6200 AA is suspected to be signi catly in uenced
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by contamination. The upper panel shows in black the spectrmn extracted by
aXe, and in red the the sum of the spectral contribution of all contaminating
sources according to the Gaussian emission model. It is imrdétely clear that,

within the accuracy of the emission model, the contaminantscontribution to

the object spectrum is negligible except at the longest wavengths; there are
thus no restrictions for the scienti ¢ use of the object spe¢rum.

More details on quantitative comtamination are given in Ksa mmel et al.
(2005).

1.8 Drizzling of PETs

The aXe reduction scheme described up to now produces one sprim for

each individual beam in each science image. However, datdse such as those
obtained with ACS, often consist of several images with smalposition shifts

(dithers) between them. The direct approach of co-adding tre 1D spectra ex-
tracted from each image to form a combined, deep spectrum haseveral disad-
vantages:

The data is (non-linearly) rebinned twice, once when extrating the spec-
trum from the image and again when combining the individual 1D spectra;

A complex weighting scheme is required to ag cosmic ray a eted and
bad pixels;

Low level information on the cross dispersion pro le is lostwhen many
1D extracted spectra are combined to a deep spectrum.

To circumvent these drawbacks, a new reduction scheme is ailable in aXe
1.4, whereby all the individual 2D spectra of an object are cadded to a single
deep 2D spectrum. The nal, deep 1D spectrum is then extracte from this
combined 2D spectral image. The combination of the individwal 2D spectra is
done with the \Drizzle" software, Fruchter & Hook (2002), wh ich is available in
the STSDAS package within IRAF.

The advantages of this technique as applied to slitless sp&@a can be sum-
marised as follows:

Regridding to a uniform wavelength scale and a cross-dispsion direction
orthogonal to the dispersion direction is achieved in a sintg step;

Weighting of di erent exposure times per pixel and cosmic-ray a ected
pixels are correctly handled;

There is only one linear rebinning step to produce a 2D spectmm;

The combined 2D spectra can be viewed to detect any problems.
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Figure 1.10: Drizzling in aXe: The object marked in panel (a)is extracted as
a stamp image (b). The stamp image is drizzled to an image withconstant
dispersion and constant pixel scale in cross dispersion diction (c). The deep
2D drizzled image (d) is then used to extract the 1D spectrum.

These advantages come at the expense of a greater complexiby the reduc-
tion and signi cantly longer processing time. Also, the aXe drizzle reduction
currently supports only rst-order spectra.

The drizzling within aXe is fully embedded in the aXe reduction ow and
uses data products and tasks created and used in the non-defing part of aXe.
The input for the drizzle combination consists of atelded and wavelength
calibrated PETs extracted for each science image, which areonverted to Drizzle
PrePare les (DPP) using the drzprep task. Every rst order beam in a PET
is converted to a stamp image stored as an extension in a DPP. fie drzprep
task also computes the transformation coe cients which are required to drizzle
the single stamp images of each object onto a single deep, cbined 2D spectral
image. These transformation coe cients are computed such hat the combined
drizzle image resembles an ideal long slit spectrum, with tke dispersion direction
parallel to the x-axis and cross-dispersion direction par#iel to the y-axis. The
wavelength scale and the pixel scale in the cross-dispersiairection can be set
by the user with keyword settings in the aXe Con guration Fil e.

To nally extract the 1D spectrum from the deep 2D spectral image, aXe uses
an (automatically created) adapted con guration le thatt akes into account the
modi ed spectrum of the drizzled images (i.e. orthogonal waelength and cross-
dispersion and theA=pixel and arcsec=pixel scales).

A detailed discussion of the drizzling used in aXe is given irkeummel et al.
(2004a).
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Figure 1.10illustrates the aXedrizzle process for one object. Paneh shows
one individual grism image with an object marked. Panelb displays the stamp
image for this object out of the grism image. Panelc shows the derived drizzled
grism stamp image, and the nal coadded 2D spectrum for this dject is given
in panel d. Panel d shows an image combined from 112 PETs with a total
exposure time of 124 ksec. In both panel® and c, the "holes' resulting from
the discarded cosmic ray- agged pixels in this individual exposure are clearly
visible.

1.9 Optimal weighting

The use of unequal weights in the 1D extraction of spectral de& can enhance
the signal-to-noise ratio of the extracted spectra. The impovement is achieved
by attributing lower weights to pixels which, due to the larger distance from
the spectral trace, contain only a small fraction of the object ux. The optimal
weighting technique was originally introduced in Horne (196), and the basic
equation of the spectral extraction using optimal weights & (see e.g. Rodriguez-
Pascual et al. 1999):

P :
PG ) b )] 2%
r)= P

X (% )?

(1.1)

The variables are:

- : the coordinate in the spectral direction
- f(x; ): the data value at pixel (x; )

- b(x; ): the background value at pixel (x; )
- (x; ): the noise value at pixel (x; )

- p(x; ): the extraction pro le at pixel ( x; )
- f( ): the extracted data value at

In the original descriptions of optimal weighting, the extr action pro le p(x; )
is computed from the object spectrum itself by e.g. averagig the pixel values
in wavelength direction. In Horne (1986) optimal weighting (or optimal ex-
traction, as named there) is even an iterative procedure wtgh, starting from a
normal extraction procedure using equal weights, producesnproved results for
sky background, extraction pro le and, of course, the extracted spectrum.

In ACS slitless spectroscopy such an approach is not viableirsce

an iterative approach on the sometimes hundreds or even thaands of
spectra on an ACS slitless image would require too much comging time;

the signal-to-noise ratio of the sources is often to low to dermine an
individual extraction pro le;
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Figure 1.11: The comparison for an aXe extraction with (red) and without
(black) optimal weights.The uppewr panel compares the objet ux, the lower
panel shows the associated errors.

the contamination phenomenon does not permit an automatic ad reliable
generation of extraction pro les for all sources.

To compute extraction pro les for all sources, the optimal weighting as im-
plemented in aXe uses the 2D models for the dispersed objegtsvhich were
introduced in Chapt. 1.7.2 as the basis of quantitative contamination. The
source-speci ¢ models computed there deliver a perfect bésto calculate the
quantity p(x; ) in Egn. 1.1

The beam models are also used as an input to calculate the pikeerrors

(x; ) according to the typical CCD noise model

(x; )= P mod(x; )+ b(x; )+ rdnoise? (1.2)

with mod(x; ) and rdnoise the beam model value at pixel &; ) and the CCD
readout noise, respectively. Computing the quantitative cmntamination esti-
mate with either the Gaussian or the Fluxcube emission modeis therefore a
precondition to optimal weighting.

In all extraction modes (from individual grism images or from the combined
2D drizzled grism images) aXe delivers optimal weighted spara as an optional
addition to the usual, equally weighted ones. Figurel.11 shows a comparison
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Figure 1.12: The four di erent methods to extract 1D spectra: (a) perpendicular
to the trace, with an object speci ¢ extraction width mfwhm  MAX (p% p%
and p® and p®the projection of the major and minor half axis width onto the
extraction direction, respectively; (b) perpendicular to the trace, with a xed
extraction width mfwhm for all objects; (c) along the direction of the object's
major half axis with extraction width of mfwhm a (a =major axis width); (d)
a virtual slit with length sl, width swand orientation so is computed from the
morphological object parameters &; b; ) to extract with the width mfwhm sl
along so.

between two spectra extracted from the same data using equahnd optimal
weights. Results from both, observed as well as simulated da indicate that
optimal weigthing in aXe improves the signal-to-noise ratio by a small, but
signi cant amount as expected according to Horne (1986) andRobertson (1986).

1.10 Extraction parameters in aXe

aXe oers a large range of possibilities to specify the extration width and
extraction direction for the individual objects. Before running aXe, the user
has to decide in which way the 1D spectra should be extractedrém the grism
images.



24 CHAPTER 1. DESCRIPTION

Note on extraction parameters:

The optimal choice of extraction strategy depends very muchon the scien-
ti ¢ goals and the morphology of the observed sources. For sllar sources
a xed extraction direction together with a xed extraction width is cer-
tainly highly recommended. Deep survey type observations d nitely need

a variable extraction width, since the object sizes usuallyspan a large range
which can not be met with a xed extraction width. In this case the re-
sults would also bene t from a variable extraction direction to get the best
possible spectral resolution.

Also in typical survey scenarios the morphological descrifion of stellar

objects and faint objects close to the detection limit rathe re ects the

statistical or systematic measurement errors than the trueintrinsic object

properties. To compensate these doubtful mesurements of # quantities
A IMAGEB.IMAGEand THETAMAGEaXe applies, with the parameters op-
timized for surveys, a default extraction with an extraction direction per-
pendicular to the trace angle and a xed object size to all obgcts smaller
than a threshold given in the con guration le. Setting this threshold to
the typical size of point-like objects assures a proper exsiction for stellar
objects and marginally resolved faint sources.

Fixed extraction direction or variable extraction directi on With a
xed extraction direction the lines of constant wavelength and therefore the
extraction direction form the angle 90 with the trace in all beams of all objects.

With variable extraction, the line of constant wavelength follows for ev-
ery object a specic, marked direction. The major axis anglein the column
THETAMAGHf the Input Object List is used in this mode to de ne the line of
constant wavelength or extraction direction for every object individually. aXe
mimics with the variable extraction direction individuall y oriented slits for all
objects. This can help to maintain the instrumental resolution for small, ex-
tended objects. However for small angles between the tracend the extraction
direction the nite instrumental resolution limits any imp rovements due to the
variable extraction direction, and in addition the extract ion becomes numeri-
cally unstable 1. aXe can switch (with the parameter SLITLESSGEOM='YES'
see below) the extraction direction from the major axis angé to a di erent angle
which optimizes the resolution of the extracted spectra (bl [2]).

Fixed extraction width or object speci ¢ extraction width Similar to
the extraction direction aXe o ers both, a xed and a variabl e extraction width.
The xed extraction width remains constant for all objects.

1The parameter combination ORIENT='"YES'and SLITLESSGEOM="NQhight be resonable in
isolated cases, and it's use is not prohibited. However aXe d elivers a warning in case that the
angle between the extraction direction and the object trace is very small (< 1 ). This warning
must be seriously taken into account, since a core dump may re sult during later stages of the
aXe reduction
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The variable extraction width is determined for each objectindividually to
a scaled valueextrfwhm of the object extent in the extraction direction.

The main parameters to specify extraction width and extraction direction
are extrfwhm (or mfwhm in Fig. 1.12), orient and slittess _geomin the task
axecore. Figure 1.12illustrates how those parameters can be used to extract
the ux of an object in various ways:

in Fig. 1.12a, the ag orient='NO" indicates a xed extraction direction
of 90 with respect to the trace direction. A value mfwhm > Gpecies
a variable extraction width, which in the case orient="NO" is width =
MAX (p%p°Y mfwhm pixels on either side of the trace (hence 2 width
in total). Here p®and p°are the projection of the major and the minor
axis width onto the extraction direction.

in Fig. 1.12b, the ag orient='"NO' indicates a xed extraction direction
of 90 with respect to the trace direction. A value mfwhm < Gpecies
a xed extraction of width = mfwhm pixels on each side of the trace
(hence 2 mfwhm pix in total).

in Fig. 1.1, the ag orient="YES' indicates a variable extraction di-
rection. Sinceslittess _geom='NO'the extraction direction must follow
the direction of the major axis a. The extraction width is variable with
width = mfwhm  a pixels on either side of the trace.

in Fig. 1.1, with the ag slittess _geom='YES'an individual virtual slit
with the slit length sl, the slit width swand the orientation so is de ned
from the major axis size AIMAGEthe minor axis size BAMAGEand the
major axis angle THETAMAGHjiven in the Input Object List. Appendix
A gives the equations for computing the virtual slit parameters. The
shape of the virtual slit optimizes the spectral resolutionfor the extracted
spectra and avoids angles too close with the trace directiorfsee p] and
[2] for details). The extraction width is then the object specic width
width = mfwhm sl along the direction so.

1.11 Flux conversion

The ux conversion is done using sensitivity curves which ha been derived
through dedicated observations of point-like ux standard stars ([9], [1C], [11]).
In extended objects, however, the spectral resolution is dgraded by the ob-
ject size in the dispersion direction. aXe can take into accont (parameter
adj _sens="YES'in the tasks axecore, axedrizzle , pet2spc)the degraded spec-
tral resolution of extended sources by smoothing the point surce sensitivity
function. Based on the approximation of Gaussian object shpes, aXe uses a
Gaussian smoothing kernel with the width
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Figure 1.13: An ACS/WFC G800L slitless spectrum of an extenced objects
reduced with (upper panel) and without (lower panel) adjusting the sensitivity
curve in the ux conversion. The 'wings' at both wavelength ends in the lower
panel are a clear sign of the decreased resolution due to thébject extend.

with sw; the width of the virtual slit of objecti (see AppendixA), the disper-
sion r, the point source object width p and the correction factor f, which is
empirically determined for the various slitless modes. Theadjusted ux conver-
sion has been developed for and applied in the various data deiction projects
within the H ubble LegacyA rchive (HLA) program [ 2].

Figure 1.13 shows the e ect of the sensitivity adjustment for an extracted
ACS/WFC spectrum. The lower panel shows a strong upturn at bah wave-
length ends due to the degraded resolution. Smoothing the ssitivity function
using the appropriate Gaussian kernel suppresses this e égupper panel).

1.12 aXe Visualization

A deep ACS WFC grism image can contain detectable spectra of imdreds to
thousands of objects, and visual checking of each spectruns ivery tedious. A
quick look facility is highly desirable in order to nd inter esting objects (e.g.
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Figure 1.14: Part of a webpage created byaXe2web The coadded 2D spectrum
of the object shown here is displayed in Fig.1.10d.

high redshift galaxies, SN, etc) which can be highlighted fo further study or

interactive spectrum extraction. For this reason aXxe2wehwas developed, a tool
which produces browsable web pages for fast and discerning<@mination of
many hundreds of spectra.

SinceaXe2welrequires speci c python modules it cannot be included in the
STSDAS software package. It is therefore distributed via tre aXe webpage at
http://www.stecf.org/software/slitless _software/axe/ in the aXe2html package.
aXe2wehuses a standard aXe input catalogue and the aXe output les topro-
duce an html summary containing a variety of information for each spectrum.
This includes a reference number, magnitude in the magnitud system of the
direct object, the X and Y position of the direct object, its R ight Ascension and
Declination, a cut-out image showing the direct object, the spectrum stamp
image showing the 2D spectrum, a 1D extracted spectrum in coats and the
same in ux units.

The user can set various keywords to in uence the html output For example,
it is possible to sort the objects with respect to an object poperty such as
magnitude or Right Ascension.

In order to facilitate the navigation within a data set, an ov erview and an
index page accompany the object pages. The overview page dams for each
object the basic information sequence number, reference mber, X,Y,RA,Dec
and magnitude. The index page includes a table with the ordeed reference
number of all objects. Direct links, from both the overview page and the index
page point to the corresponding locations of the objects inlie object pages.

Figure 1.14is a screenshot taken from Epoch 1 data of the HUDF HRC Par-
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allels survey and shows the line covering the object whose added 2D spectrum
is shown in Fig. 1.10d. The webpages created byaXe2webare located at the
preview webpages:http://www.stecf.org/UDF/epochl/hrc  _udf.html.
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Chapter 2

Installing aXe

2.1 Requirements

The following are required to run aXe:
STSDAS 3.9 (http://www.stsci.edu/resources/software _hardware/stsdas)
PyRAF 1.7 (http://www.stsci.edu/resources/software _hardware/pyraf)
To compile the C-code you need:
GNU CC 2.95 or later compiler
GNU Scienti ¢ Libraries 1.x ( http://sources.redhat.com/gsl/ )
WCStools 3.x libraries (http://tdc-www.harvard.edu/software/wcstools/ )

CFITSIO 2.x libraries ( http://heasarc.gsfc.nasa.gov/docs/software/ tsio/t  sio.html)

2.1.1 aXe Distribution

aXe is distributed as part of the STSDAS software package. SEDAS version 3.9
(released in Nov. 2008) contains aXe version 1.71. The latesiXe version 1.71
will be integrated into STSDAS 3.10, which is projected for May 2009. In the
meantime, we strongly recommend to download aXe-1.71 fromhe aXe webpages
at http://www.stecf.org/software/slitless _software/axe and use it, together with
STSDAS 3.9, as the local packagéaxel? within PyRAF.

New aXe releases from the aXe webpage usually have tasks withe same
names as in previous releases and in the STSDAS version of aXieut the im-
plementation (e.g. parameter settings) of the tasks may hae changed. To keep
the aXe tasks in your STSDAS distribution separate from the rew aXe tasks
downloaded from the aXe webpages, the aXe tasks distributedia the web-
page always start with the letter t. For example, the task tsex2gol in the
(local) taxel7 package corresponds to the taslsex2gol in STSDAS, taf2pet

29
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in taxel7 corresponds toaf2pet in STSDAS, and so on. While this manual
describes always the newest aXe releases from the websitbgettasks are named
with the non-pre x version throughout the manual. In case that you down-
loaded the newest version from the website and intend to workwith it, don't
forget to put a t in front of every command you nd in the manual. Other-
wise you may still use an old aXe distributed with STSDAS, which may have a
di erent syntax and di erent behaviour.

2.2 Installing from the aXe source distribution

After downloading the aXe-1.71 tarball
(http://www.stecf.org/software/slitless _software/axe/taxel7 _download.php), move
it to the installation directory  /your/aXel.7/path  and unpack it there with:

>gunzip axel.71-taxel7src.tar.gz
>tar -xvf axel.71-taxel7src.tar

aXe-1.71 consists of a part written in ANSI C and a second partwritten in
Python (www.python.org). For the C part a con gure script is included with
aXe. To con gure and then compile the C tasks do the following

>cd taxel7/ccc
>./configure

For MacsOSX, the option "{build=powerpc" must be added to th e configure
command for Power PC machines, and the option \{build=i386-pc-macosx" for
Intel Macs . If some libraries used by aXe are not installed inthe usual places,
online parameters must be used to tell the con gure script wrere to nd them.
For example

Jconfigure --with-cfitsio-prefix=/your_axelibs/cfit sio
--with-gsl-prefix=/your_axelibs/gsl-1.0
--with-wcstools-prefix=/your_axelibs/wcstools-3.0.4

speci es explicitly the location of the GSL and the CFITSIO library. Follow
the instructions given by the con gure script to solve problems. The con gure
script generates a Make le which is used to compile the aXedsks. Type

>make

to execute the Make le and create the tasks. The tasks must benstalled in the
bin directory of the taxel7 package. Simply execute

>make install

to move the binaries to their proper location.
On the Python side there exists a similar script to compile the code. Go to
the Python directory and compile the Python code there with:
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>cd ..firaf
>python compileaXe.py .

If all went well, aXe-1.71 is now ready. The new package withts tasks must
be declared in PyRAF. To do this, add the following lines nearthe end of your
login.cl  le, orin loginuser.cl

reset taxel7 = lyour/aXel.71/path/taxel7/iraf/
task taxel7.pkg = taxel7$taxel7.cl
reset helpdb = (envget("helpdb") //",taxel73$lib/helpdb. mip")

The next time PyRAF is launched, the packagetaxel7 should be available. It
can then be loaded as any other package by simply typing its nae:

--> taxel7

The taxel7 software package 1.71 was developed by the ACS group
of the ST-ECF. Further information and documentation is

available at the aXe pages:
http://www.stecf.org/software/slitless_software/axe /

Any questions regarding this software can be directed to:
stdesk@eso.org

taxel7/:
taf2pet taxeprep tfcubeprep tpetcont
taxecore tbackest tgol2af tpetff
taxedrizzle tdrz2pet tiolprep tsex2gol
taxegps tdrzprep tpet2spc tstamps
-->

The message which appears during the loading of the packagend the task
overview indicate that everything went OK and that the tasks can be used from
now on. The package can be used by more than one user. Other useonly
have to modify their login.cl  or loginuser.cl  as described above to access
the aXel.71 package and the tasks within it (provided that they have access to
the installation directory).

aXe-1.71 was successfully built and tested under Fedora Cer3 and Solaris
2.8. It should be no problem to install aXe-1.71 under other Uhix or Unix-like
operating systems such as HPUX or MacOSX.

2.3 Installing from the aXe binary distributions

Several distributions of aXe with compiled, statically linked, C tasks are avail-
able for download from the aXe web pages. Download the sourdarball axel.71-
taxel7src.tar.gz, and then select and download the binary @tribution which is
appropriate for your platform. After downloading the aXe source distribution,
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move it to your preferred location /your/aXel.71/path  and unpack it there
with:

>gunzip axel.71-taxel7src.tar.gz
>tar -xvf axel.71-taxel7src.tar

Then move the C-binaries to their proper location and unpackthem there:

>mv aXel.71-<arch>.bin.tar.gz taxel7/iraf/bin/.
>cd taxel7/iraf/bin/

>gunzip aXel.71-<arch>.bin.tar.gz

>tar -xvf aXel.71-<arch>.bin.tar

The Python code must still be compiled. To do that execute:

>cd ..
>python compileaXe.py .

aXe-1.71 is now ready. Declare the new package in PyRAF by addg the
following lines near the end of yourlogin.cl  le, or in loginuser.cl

reset taxel7 = /your/aXel.71/path/taxel7/iraf/
task taxel7.pkg = taxel7$taxel7.cl
reset helpdb = (envget("helpdb") //",taxel7$lib/helpdb. mip")

The next time PyRAF is launched, the packagetaxel? is available. It can be
loaded with \ -->taxel7 " from the PyRAF shell.

2.4 Validating the aXe installation

Test data with grism and prism images can can be obtained fronthe aXe web
site. Un-zip and un-tar the test data le in a clean directory and follow the
instructions given in the READMHEe. The grism test data consist of a set of
science frames taken from the HUDF HRC Parallels program. Fjs.1.2, 1.5and
1.10show some of the data products generated during the test redztion.

The prism test data was taken as part of the calibration propcsal 10391 (PI:
S.S. Larsen).

Reference spectra generated by running aXe-1.71 on the tesfata also sup-
plied as part of the test package. If the output obtained by running aXe-1.71
on the test data is identical to these reference spectra, the@roper working of
aXe-1.71 is assured.

2.5 aXe Mailing List

We have installed an aXe mailing list to keep users informed hout new de-
velopments and updates concerning aXe. To the subscriberghe mailing list
also o ers the opportunity to share and discuss their experences with aXe. We
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encourage all aXe users to participate and use the mailing ¢t as a discussion
forum for aXe and aXe related issues. The aXe software packags still evolving,
and the communication between the software developers andhe users is very
important to improve the future versions of axe.

The subscription to the aXe mailing list is done by sending anemail to
axe-request@eso.org with the content subscribe my _email _address in the
mail body. Alternatively, the subscription can be done interactively at
http://www.eso.org/lists/listinfo/axe

To unsubscribe from the aXe mailing list please visit
http://www.eso.org/lists/listinfo/axe  and follow the instructions given there.

2.6 aXe Support

The ACS group at the Space Telescope - European Coordinatingacility (STECF)
is responsible for the support of the spectroscopic modes @&CS. The develop-
ment of the aXe software package and the preparation of calitation products

for the reduction are key components of this support. To reqest further help

and information concerning aXe or the calibration products, please contact us
with an email to stdesk@eso.org using aXe in the subject line (in order to
separate your mail from SPAM).
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Chapter 3

Using aXe

This chapter gives a step-by-step approach on how an aXe redtion on a given
data set is performed. A short introduction to the input data is followed by
an explanation on the few preparatory steps which are neceasy to generate
all input les. Then the dierent methods to produce the nal , calibrated
1D spectra are shown and discussed. Both, the sequence of corands within
PyRAF as well as small example scripts are given for all reduon branches.

3.1 The input data

The input data consist of four direct images and eight grism mages. All images
were taken with the High Resolution Camera of the ACS. The diect images
taken with the F555Witer are

j8m81cd9q_flt.fits
j8m824toq_flt.fits
j8m84agkq_flt.fits
j8m851tmq_flt.fits

The dispersed images observed with th&800Lgrism are:

j8m820leq_flt.fits
j8m820lig_flt.fits
j8m820Irqg_flt.fits
j8m820m4q_flt.fits
j8m82290q_flt.fits
j8m8229g4q_flt.fits
j8m822qgbq_flt.fits
j8m822ghq_flt.fits

The data set presented here does really exist in the HST archie. It has been
taken as part of the ACS/HRC Parallels program to the ACS Ultr a Deep Field.
Moreover these images are also part of the test data for grismbservations (see
Chapt. 2.4).

35
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Spectral extraction from MultiDrizzled grism/prism image sWhiIeJ‘
MultiDrizzle  can combine slitless grism/prism images, no wavelength se

sitive ateld is applied to the images (see Chapt. 6.2). Moreover, the
eld dependence of the grism/prism spectra and the eld dependent wave-
length calibration are not taken into account in the combination process.
It is therefore not recommended to extract the spectra diretly from the

MultiDrizzle  combined grism/prism images. The images are however veny
useful for eld examination.

3.2 Preparing the extraction

This reduction step provides all necessary input les for the spectral extraction.

In this process the 'external' programs SExtractor (Bertin & Arnouts 1996)

and MultiDrizzle  (part of the stsdas.dither package) are involved. For those
programs outside of aXe we do not give a detailed discussiomaheir usage or
the exact parameter settings, but rather a description of the purpose and what
the program should deliver.

3.2.1 MultiDrizzle

The rst step is to run MultiDrizzle  on both, the set of direct images and the
set of grism/prism images. MultiDrizzle is an interface for performing all the
tasks necessary for registering dithered HST images. The pgram automatically
performs cosmic ray rejection, removes geometric distortins and performs the
nal image combination with \drizzle".

The grism/prism image combination is done for two reasons:

1. the combined image gives a good impression on the qualityfdhe data
and the signal-to-noise level of the various object spectra

2. MultiDrizzle runs a cosmic ray detection algorithm, and the dg-extention
of the t-images is updated with the information on all cosmic rays de-
tected in the MultiDrizzle run. Running MultiDrizzle is therefore a
convenient way to perform a cosmic ray detection on the grisrfprism
images.

The combined direct image will be used to create a master catague with
SExtractor. The master catalogue will then be projected ba& (see Chapt.3.2.3
to generate Input Object Lists for each image in the MultiDri zzle combination
to be used in the aXe reduction. Figure3.1 shows an example of a combined
direct image (left) and a combined grism image (right).

It is also possible to use other programs to identify cosmic ay hits on the
grism/prism images. Then the information on the cosmics mus be transported
into the dg-extension of the corresponding t-image. aXe ca exclude agged
pixels in the dg-extention from the reduction. In the dg-extention, cosmic ray
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Figure 3.1: TheMultiDrizzle -combined directimage (left) and the correspond-
ing grism image (right). Objects identi ed in SExtractor ar e marked with red
boxes on the direct image.

a ected pixels should be marked by adding the appropriate dg ag 4096 (see
ACS Data handbook) to the original dq value.

For grism images it is favourable (see Chapt.3.2.3 to combine the direct
and the grism images such that the nal, MultiDrizzled images have the same
coordinate system. This means that each pixelX;y) represent the same position
(ra; dec) on the sky on both, the combined direct as well as the combingé grism
image. The user can control this by e.g. specifying the idental center position
and image size in theMultiDrizzle runs. The images in Fig. 3.1 ful ll this
condition.

3.2.2 Master catalogue

The next step then is to create the master catalogue by runniig SExtractor on
the combined direct image. Care should be taken when choogirthe SExtractor
parameters. Objects which are not in the master catalogue wii later not be
extracted from the grism images. Large numbers of fake objés or cosmics
in the master catalogue on the other hand increase the compation time and
simulate contributions to the contamination of real objects.

The master catalogue must contain all columns which are newsary for the
spectral extraction with aXe (see format description in Chgpt. 7.4). The rst few
lines of the master cataloguef555w _drz.cat extracted from the direct image
in Fig. 3.1 are:

# 1 NUMBER Running object number
# 2 X_IMAGE Object position along x [pixel]
# 3 Y_IMAGE Object position along y [pixel]
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# 4 X_WORLD Barycenter position along world x axis [deg]
# 5 Y_WORLD Barycenter position along world y axis [deg]
# 6 A_IMAGE Profile RMS along major axis [pixel]
# 7 B_IMAGE Profile RMS along minor axis [pixel]
# 8 THETA_IMAGE Position angle (CCW/x) [deg]
# 9 A_WORLD Profile RMS along major axis (world units) [deg]
# 10 B_WORLD Profile RMS along minor axis (world units) [deg]
# 11 THETA_WORLD Position angle (CCW/world-x) [deg]
# 12 MAG_F555W Kron-like elliptical aperture magnitude [ma ¢]

1 2116.6 815.9 5.322e+01 -2.781e+01 14.669 3.407 -79.3 1.0e -04 2.5e-05 -45.4 23.0
2 1463.7 740.1 5.322e+01 -2.781e+01 1.981 1.355 -84.5 1.3e- 05 9.4e-06 -42.8 26.1
3 850.8 752.1 5.321e+01 -2.782e+01 1.877 1.749 219 1.2e-05 1.2e-05 37.9 24.6
4 1999.1 735.0 5.322e+01 -2.781e+01 0.952 0.465 -52.7 6.0e- 06 4.1e-06 -67.4 28.0
5 760.5 761.5 5.321e+01 -2.782e+01 2.268 1.375 -54.4 1.4e-0 5 1.0e-05 -65.2 26.2
6 969.0 826.9 5.322e+01 -2.782e+01 3.863 1.672 37.6 2.4e-05 1.5e-05 22.2 25.0
7 781.3 831.3 5.322e+01 -2.782e+01 4.455 2.084 -58.9 2.9e-0 5 1.7e-05 -59.9 25.5
8 976.5 826.2 5.322e+01 -2.782e+01 2.410 0.839 -86.7 1.6e-0 5 5.7e-06 -41.6 26.3
9 12315 836.1 5.322e+01 -2.781e+01 2.522 1.177 -65.9 1.6e- 05 9.3e-06 -53.8 25.9
10 981.5 834.9 5.322e+01 -2.782e+01 2.467 1.151 28.3 1.6e-0 5 9.5e-06 32.7 26.6

In the master catalogue the original column nameMA®GUTOwvas changed to
MAG-555Wa column name format which indicates the lIter wavelength ( =

5550nm, see Chapt.7.4). This format allows a quantitative contamination

estimate with the Gaussian emission model and the computatin of optimal
weights.

3.2.3 Preparing the Input Object Lists

Following user requests we have developed and introduced thiaXe-1.5 the task
iolprep (see Chapt. 4.1), a program to automatically generate Input Object
Lists in a standard scenario such as described here.

The task iolprep searches in the header of MultiDrizzle -combinedimage
for the names and drizzle parameters of all input images. Foeach input im-
age, the pixel coordinates Kcomb ; Yeomb) Of all objects in the master catalogue,
which is associated with theMultiDrizzle -combined image, are projected out
into the coordinate system of the input image to derive the pkel coordinates
(Xinputi ; Yinputi ) therein. For each input image an Input Object List is gen-
erated which comprises all objects which fall on the area cared by the input
image. For the projections of the object positions, this aXetask uses the STS-
DAS task tran .

There are two general strategies to applyiolprep :

1. Creating IOL's for direct images It is always (for grism and prism
data) possible to apply iolprep with the direct image as the MultiDrizzle -
combined image and the master catalogue derived from it. On alata set as
described in Chapt. 3.1, the following IOL's would be produced:

j8m81cd9q_flt_1.cat, j8m824toq_flt_1.cat,
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j8m84agkq_flt_1.cat, j8m851tmq_flt 1.cat.

As the le names suggest, the I0L's refer to the direct imagesand during the
spectral extraction a direct image must be given for every grism image (see
Chapt. 7.3).

2. Creating IOL's for grism images If in the case of grism data Mul-
tiDrizzle was run such that the combined direct and grism image have the same
coordinate system (see Chapt3.2.1), the object positions in the master cata-
logue are also valid for the combined grism image. It is then pssible to apply
iolprep with the grism image as the MultiDrizzle -combined image. In this
case the IOL's refer to the input grism images and would be narad:

j8m820leq_flt_1.cat, j8Bm820Iig_flt 1.cat,

j8m820Irg_flt_1.cat, j8m820m4q_flt 1.cat,
j8m8227g0q_flt_1.cat, j8m822qg4q_flt 1.cat,
j8m822gbqg_flt_1.cat, j8m822ghqg_flt 1.cat.

In this scenario the IOL's refer directly to the grism images as their le names
indicate, and in the spectral extraction no direct image is reeded.

The latter strategy has small advantages, such as it is easigo make the In-
put Image List (see below). It is possible to include objectsn the Input Object
List which have positions outside of the area covered by the@rresponding direct
image or grism image. In the case that the spectrum of the objet falls partly
on the grism image, but its reference point is outside, the spctrum covered by
the grism image can still be reduced and contribute to the codded spectrum
of the object. Also higher orders of bright objects outside 6 the grism image
can cause signi cant contamination on the grism images. Intuding them in the
IOL means that their contamination is properly recorded and evaluated, even if
no spectrum is extracted. The parameterdimension _info controls the e ective
area for the inclusion of objects in the taskiolprep .

Depending on whetheriolprep is run on the direct image f555wdrz. ts or
the grism image g800ldrz. ts, the task is executed as:

-->jolprep mdrizzle_image="f555w_drz.fits' input_cat= 'f555w_drz.cat'
dimension_info=0,0,0,0
or alternatively:

-->jolprep mdrizzle_image='g800I_drz.fits' input_cat= 'f555w_drz.cat'
dimension_info=0,0,0,0

3.2.4 Preparing the uxcube les

For grism images it is possible to apply the uxcube emissiormodel (see Chapt.
1.7.2 in the estimation of quantitative contamination. This req uires the prepa-
ration of a uxcube le for every grism image which is analyzed in aXe. For
this purpose the task fcubeprep was developed.
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Similar to iolprep , the task fcubeprep usesMultiDrizzled direct and
grism images to build the uxcube les. In addition, the SExt ractor segmenta-
tion image which is associated to the master catalogue mustlao be provided.
fcubeprep searches in the header of theMultiDrizzle -combined grism image
for the names and drizzle parameters of all input grism imagse. Using the in-
formation on wavelength and zeropoints which are part of theinput, the task
transforms the direct images to ux units. Then the segmentaion image and
all direct ux images are projected into the coordinates of each input grism
image to generate cutout images which match the area of the jput grism im-
ages. For each input grism image, a uxcube image is nally ceated from the
corresponding segmentation and ux cutout images.

Allimages used in the input (MultiDrizzle -combined grism image MultiDrizzle -
combined direct images and segmentation imageshust have been combined
such that they have the same coordinate system. This means eh pixel (x;y)
must represent the same position (a; dec) on the sky on all input images (see
Chapt. 3.2.1).

In case there are severaMultiDrizzle -combined direct image in di erent
Iters available, the user must prepare a le and give for ead image the name,
central wavelength and zero point separated by ',' in a row. Rovided that
in addition to the direct image f555w _drz.ts , there exists also the image
f606w _drz. ts , this le (name dir _ims.lis ) looks like:

f555w_drz.fits, 431.8, 25.157
f606w_drz.fits, 591.8, 26.655

Note that instead of the 'nominal' values 555 and 606 the moreaccurate pivot
wavelength values have been used for the ACS Iters F555W andr606W. With
the segmentation imagef555w _seg. ts the task fcuberep is executed as:

--> fcubeprep grism_image='g800I_drz.fits' segm_image= 'f555w_seg.fits'
filter_info="dir_ims.lis' AB_zero='yes' dimension_inf 0=0,0,0,0

The task creates the uxcubes:

j8m820leq_flt_2.FLX.fits, j8m820Ilg_flt 2.FLX.fits,

j8m820Irg_flt_2.FLX.fits, j8m820m4q_flt_2.FLX.fits,
j8m822790q_flt 2.FLX.fits, j8m822q4q_flt 2.FLX.fits,
j8m822gbhq_flt 2.FLX.fits, j8m822ghqg_flt 2.FLX.fits.

3.3 Extracting spectra

3.3.1 Reduction Strategy

Before actually preparing and performing the data reductian, the user must
decide which data reduction strategy to follow.

The main decisions are whether aXedrizzle is used or not and hether the
background subtraction is done globally with the master ba&ground or with



3.3. EXTRACTING SPECTRA 41

+aXedrizzle/ -aXedrizzle/ +aXedrizzle/ -aXedrizzle/

number +master sky  +master sky -master sky -master sky
1. axeprep axeprep axeprep axeprep
2. axecore axecore axecore axecore
3. drzprep drzprep
4. axedrizzle axedrizzle
5. axedrizzle

Table 3.1: The high level aXe tasks to be applied in the di eret reduction
strategies.

a local background for each beam (see Chaptl.6 for a comparison of the two
methods).

aXedrizzle is currently not supported for prism data. Global background
subtraction requires a master background for the instrumemal con guration
with which the data were taken with. The available master badkground images
are posted on the aXe webpages(tp://www.stecf.org/instruments/ACSgrism ),
and the users are requested to check whether a master backgnad is available
for their data.

If possible, the recommended reduction strategy is to do a gbal background
subtraction and to use aXedrizzle. For the typical survey type data, this is the
best way to reduce ACS grism data (see e.g. the GRAPES data pag, Pirzkal
et al., 2004). In case only individual spectra in crowded elbls are to be reduced,
the reduction with a background PET may have advantages.

Depending on the reduction strategy, di erent High Level aXe Tasks (see
Fig. 1.1) have to be applied to reduce the spectra. Table3.1 lists the tasks and
the order in which to apply them for the various reduction strategies.

Input Object Lists versus Input Image Lists

Although the names are strikingly similar, Input Object Lis ts and Input
Image Lists are fundamentally di erent. The format of an Inp ut Object
List is identical to the SExtractor ASCII catalogue format. An Input Ob-

ject List contains positions and further (SExtractor-) inf ormation for all

astronomical sources on the associated direct or grism ima&y The Input
Object List is used as an input in the Low Level aXe Tasksex2gol to
derive a Grism Object List (GOL, see Chapt. 7.5) for a grism image.

On the other hand, Input Image Lists are an input parameter in all High
Level Tasks. An Input Image List contains on each row the nameof a grism
image and additional information which is necessary to run he aXe task
on that grism image. The additional information are the name(s) of Input

Object List(s) and, optionally, a direct image name and a dmay-value. The
exact descriptions of Input Object Lists and Input Image Lists, plus their
formats, are in Chapts. 7.4 and 7.3, respectively.
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3.3.2 Input Image List

The Input Image List is consistently used as the parameterinlist in all High
Level Tasks. The Input Image List de nes the combinations of Input Object
Lists, grism images and, if necessary, direct images used the spectral extrac-
tion.

In case that the I0L's refer directly to the grism images (seeitem 1. in
Chapt. 3.2.3, the Input Image List axeprep.lis for the data presented here
looks like:

j8m820leq_flt.fits j8m820leq_flt_1.cat 0.0
j8m820llg_flt.fits j8Bm820llg_flt_1.cat 0.0
j8m820Irg_flt.fits j8Bm820Irg_flt_1.cat 0.0
j8m820m4q_flt.fits j8Bm820m4q_flt_1.cat 0.0
j8m8227g0q_flt.fits j8Bm822q0q_flt 1.cat 0.0
j8m822g4q_flt.fits j8Bm822qg4q_flt_1.cat 0.0
j8m822gbqg_flt.fits j8Bm822gbqg_flt_1.cat 0.0
j8m822ghq_flt.fits j8Bm822ghqg_flt_1.cat 0.0

If the 10L's refer to direct images, (see item 2. in Chapt. 3.2.3), the Input
Image List axeprep.lis for the data presented in here looks like:

j8m820leq_flt.fits j8m84agkq_flt.cat j8Bm84aqkq_flt.fi ts 0.0
j8m820llg_flt.fits jBm81cd9q_flt.cat j8Bm81cd9q_fit.fi ts 0.0
j8m820Irg_flt.fits j8m81lcd9q_flt.cat j8Bm81lcd9q_flt.fi ts 0.0
j8m820m4q_flt.fits jBm84aqkq_flt.cat j[8Bm84aqgkq_flt.fi ts 0.0
j8m8227g0q_flt.fits jBm851tmq_flt.cat j8m851tmq_flt.fi ts -0.0
j8m822g4q_flt.fits j8Bm824toq_flt.cat j8m824toq_flt.fi ts -0.0
j8m822ghq_flt.fits jBm824toq_flt.cat j8m824toq_flt.fi ts -0.0
j8m822ghqg_flt.fits jBm851tmq_flt.cat j8m851tmq_flt.fi ts 0.0

Every grism image is paired with the direct image taken at theclosest posi-
tion on the sky to provide the best overlap between objects inthe IOL and the
area covered by the grism image. The dmag-values are all seb tthe default 0.0,
and therefore could be neglected here.

The exact format of the Input Image List is extensively descibed in Chapt.
7.3. All les are expected to be located in the directory indicated by the envi-
ronment variable AXEIMAGEPATHsee Chapt.5.1).

3.3.3 The aXe Con guration Files

The aXe con guration le describes the imprint of the spectr ograph on the CCD
and contains essential parameters such as the desription dhe spectral trace
and the dispersion solution together with their variations over the Field of View.

Up-to-date con guration les and the calibration les for a Il spectral modes
are posted on the aXe webpagesiftp://www.stecf.org/instruments/ACSgrism ).
The appropriate con guration le for the data presented in t his Chapter is given
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below. To save space the descriptions of the higher order be@s are neglected.

ACS.HRC.Cyclell.2.conf:

INSTRUMENT ACS
CAMERA HRC

Calibrations for ACS HRC for Cycle 11 onward; released June 2004
based on calibration data taken during SMOV and Cycle 11.
Revised (3rd order) flat field cube:

ACS.HRC.flat.cube.2.fits

#
#
#
#
#
# Revised 1st and 2nd order sensitivity

# New Oth order dispersion solution and sensitivity
# New -1st order dispersion solution and sensitivity
SCIENCE_EXT SCI ; Science extension

DQ_EXT DQ ; DQ extension

ERRORS_EXT ERR ; Error extension

FFNAME ACS.HRC.flat.cube.2.fits

DQMASK 16383

EXPTIME EXPTIME
RDNOISE 4.71

DRZRESOLA 24.0
DRZSCALE 0.028
DRZLAMBO 4785.0
DRZXINI  15.0
DRZROOT aXedrizzle

# PSF variations for optimal extraction
PSFCOEFFS 8.20 -8.29e-02 4.01e-04 -9.47e-07 1.18e-09 -7.4 4e-13 1.87e-16
PSFRANGE 100.0 1100.0

# First order (BEAM A)
BEAMA 0 185
MMAG_EXTRACT_A 25
MMAG_MARK_A 27

# Trace description, 1st order
DYDX_ORDER_A 1

DYDX_A_0 0.0 0.0 0.0 0.0 0.0 0.0
DYDX_A_1 -0.796319 7.10246e-6 9.55948e-6

# X and Y Offsets
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XOFF_A 0. 0. 0.
YOFF_A -1.78463 -0.000149007 0.000436432
# Dispersion solution, 2nd order

DISP_ORDER_A 2
DLDP_A_0 4783.55 0.00657371 -0.0126691
DLDP_A_1 23.5107 -0.000677401 0.00127958
DLDP_A_2 0.00170758 1.77847e-7 1.97777e-7
#

SENSITIVITY_A ACS.HRC.1st.sens.2.fits

Under normal circumstances the user can apply the aXe con gtation les
without any modi cations. Only to speed up the computation t ime it might
be convenient to modify some keywords (see Chapt3.4). The location of the
con guration les (also the ateld, sensitivity les, and master sky images)
is the directory indicated by the environment variable AXECONFIGPATH(see
Chapt. 5.1).

Note on data with multiple science extensions

For grism data with several science extensions (e.g. ACS WF@nages), the
input given in the second column of the Input Image List (the Input Object
Lists), as well as the parameterbackims in axeprep and the parameter
configs in all High Level Tasks, must be a comma separated list. Each
item in the list gives the input for a speci c extension. The same relative
positions in those lists must specify the same extensions. #AFig. 3.2 shows,
this means that e.g. the Input Object List given as the seconditem in the
Input Image List targets the same extension as the second ita in the
parameter backims and the second item in the parameterconfigs .

The Wide Field Camera contains two CCD chips, and the data is $ored in
two independent extensions of the ts le. The spectral reduction in aXe is done
independently as well, using one con guration le for every science extension.
In the WFC con guration les, the chip number is specied in t he keywords
\OPTKEY1" and \OPTVAL1".

For technical reasons the data of CCD chip No. 1 is stored in tle second
science extension version[§éci,2] in PyRAF-ts notation), and the data of
of CCD chip No. 2 is stored in the rst science extension version[éci,1]
in PYRAF- ts notation). Care must be taken to combine the cor rect les in
the aXe input parameters, since the le names are often deried from these
two counter-intuitive numbering schemes. While the le names of the con-
guration les follow the chip numbers (ACS.WFC.CHIP1.Cyc lel3.2.conf and
ACS.WFC.CHIP2.Cycle13.2.conf are the con guration les for chip 1 and 2,
respectively), the IOL's created iniolprep follow the extension version number
(the Input Object Lists jBm822ghqg_t _1.cat and jBm822ghgt _2.cat contain ob-
jects located on the ts image j8Bm822ghq t. ts[sci,1] and j8Bm822qghq _t. ts[sci,2],
respectively). Figure 3.2 and the note on page44 give further examples how to
combine the input for WFC data in the various High Level Tasks.
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Figure 3.2: The Input Image List aXetest.lis and a High Level aXe-1.4 Task.
The arrows connect input which refers to the identical scielce extension.

3.3.4 Example reductions for the di erent scenarios

For the remainder of this section we present and describe segnces of High Level
Tasks to reduce data according to the di erent strategies oulined in Chapt.
3.3.1 The High Level Tasks are listed with the correct syntax to be executed
within an interactive PyRAF session.

aXedrizzle and Global Sky Subtraction In this reduction scenario the
background is subtracted using the masterskyHRC.back.fits . For each object
the 2D spectra on the individual grism images are combined t@ deep, 2D grism
spectrum with aXedrizzle , then the 1D spectrum is extracted from the coadded
2D grism spectrum. The quantitative contamination with the uxcube emission
model is chosen. This assumes that the uxcube les were cread beforehand
(see Chapt.3.2.4).

As in all further examples, optimal extraction is selected n the parameters.
In aXe the optimal extracted spectra are always deliveredin addition to the
normal, equally weighted results. There isno need to run aXe twice, the opti-
mal extractions only entails but a small additional amount of computing time.

The sequence of commands interactively applied in PyRAF is:

-->axeprep inlist="axeprep.lis" configs="ACS.HRC.Cycl ell.2.conf"
backims="HRC.back.fits" backgr="YES" fwhm="2.0"
norm="YES" histogram="YES"

-->axecore inlist="axeprep.lis" configs="ACS.HRC.Cycl ell.2.conf"
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back="NO" extrfwhm=4.0 drzfwhm=3.0

backfwhm=0.0 slitless_geom="YES" orient="YES" exclude= "NO"

lambda_mark=800.0 cont_model="fluxcube" model_scale=3 .0
inter_type="linear" lambda_psf=555.0 spectr="NO"
weights="NO" sampling="drizzle"

-->drzprep inlist="axeprep.lis" configs="ACS.HRC.Cycl ell.2.conf"
opt_extr="YES" back="NO"
-->axedrizzle inlist="axeprep.lis" configs="ACS.HRC.C yclel1.2.conf"

infvhm=4.0 outfwhm=3.0 back="NO" makespc="YES"
adj_sens="YES" opt_extr="YES"

The line breaks are added here for clarity, but on the actual ommand line each
command should be given as one string. The most convenient wato specify
the task parameters is with the PyRAF/IRAF epar mechanism.

No aXedrizzle and Global Sky Subtraction Here the background is glob-
ally subtracted using master sky images. The coaddition of e individual 2D
spectra with aXedrizzle is not done. Gaussian contaminatia has been cho-
sen. The command sequence is a subset of the command sequentéhe last
example, with small di erences in the parameters:

-->axeprep inlist="axeprep.lis" configs="ACS.HRC.Cycl ell.2.conf"
backims="HRC.back.fits" backgr="YES" fwhm="2.0"
norm="YES" histogram="YES"

-->axecore inlist="axeprep.lis" configs="ACS.HRC.Cycl ell.2.conf"
back="NO" extrfwhm=3.0 drzfwhm=0.0

backfwhm=0.0 slitless_geom="YES" orient="YES" exclude= "NO"

lambda_mark=800.0 cont_model="gauss" model_scale=3.0
inter_type="linear" lambda_psf=555.0 spectr="YES"
adj_sens="YES" weights="YES" sampling="drizzle"

aXedrizzle and Background PET Here the background PETs are gener-
ated from background images which have interpolated pixel &lues at the beam
positions. Both the image as well as the background are drized to deep 2D
grism and background images, respectively (see Chapt.6.2).

-->axeprep inlist="axeprep.lis" configs="ACS.HRC.Cycl ell.2.conf"
backgr="NO" fwhm="2.0"
norm="YES" histogram="YES"

-->axecore inlist="axeprep.lis" configs="ACS.HRC.Cycl ell.2.conf"
back="YES" extrfwhm=4.0 drzfwhm=3.0

backfwhm=4.0 slitless_geom="YES" orient="YES" exclude= "NO"

lambda_mark=800.0 cont_model="fluxcube" model_scale=3 .0
inter_type="linear" lambda_psf=555.0 spectr="NO"
adj_sens="NO weights="NO" sampling="drizzle"

-->drzprep inlist="axeprep.lis" configs="ACS.HRC.Cycl ell.2.conf"
opt_extr="YES" back="YES"



3.4. COMPUTING TIME 47

-->axedrizzle inlist="axeprep.lis" configs="ACS.HRC.C yclel1.2.conf"
infvhm=4.0 outiwhm=3.0 back="NO" makespc="YES"
opt_extr="YES"

-->axedrizzle inlist="axeprep.lis" configs="ACS.HRC.C ycle11.2.conf"
infvhm=4.0 outfwhm=3.0 back="YES" makespc="YES"
opt_extr="YES"

No aXedrizzle and Background PET This is the old reduction scheme
before aXe-1.4. Both object and background spectra are exacted from each
grism image individually. The background subtraction is done by subtracting
the background PET from the object PET pixel by pixel. The command se-
quence is a subset of the command sequence given in the lastaemple:

-->axeprep inlist="axeprep.lis" configs="ACS.HRC.Cycl ell.2.conf"
backgr="NO" fwhm="2.0"
norm="YES" histogram="YES"

-->axecore inlist="axeprep.lis" configs="ACS.HRC.Cycl ell.2.conf"
back="YES" extrfwhm=3.0 drzfwhm=0.0
backfwhm=0.0 slitless_geom="YES" orient="YES" exclude= "NO"
lambda_mark=800.0 cont_model="gauss" model_scale=3.0
inter_type="linear" lambda_psf=555.0 spectr="YES"
adj_sens="YES" weights="YES" sampling="drizzle"

3.4 Computing time

3.5 The requirements

The aXe tasks are rather expensive in terms of computer time.Some of the
main factors contributing to a large computational need are

the complete error propagation and the propagation of contanination in-
formation multiplies the computing e ort per science pixel by a factor of

3, since errors as well as contamination are stored and treat! similar
to the science data;

the necessary conversions of data format (image, PET, DPP, dzzled im-
age) result in a high demand on input/output.

As a rule of thumb, each High Level Task needs around 1 sec of ggouting
time per object and image on a SunBlade 1500. For prism data wh typically
a few objects per image an aXe reduction is completed within @hort period of
time. In a survey type project, however, a typical data set casists of 10 WFC
images and 1000 objects on each image. This results in arourtthlf a day of
pure computing time. The minimum RAM requirement is around 1000 MB,
which should not constitute a bottleneck on modern workstatons.

It is our experience that the estimate given in this example @an be reduced
by a factor 3 for a 2.6 GHz Pentium V Linux system.
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3.6 Tuning tips

Especially for deep grism data, the computation time can be gite large, and
users would like to speed up the processing time. There existome measures to
get the more quickly.

3.6.1 Wavelength dependence of the PSF

The Gaussian contamination consumes a lot of processor time It is mostly
cosumed when the wavelength dependence of the psf is takentanaccount in
the modelling of the grism spectra.

The aXe reduction on a particular data set is usually done segral times with
some small changes in the parameters to ne tune the resultsThe wavelength
dependence of the psf is not very large. Switching it o in theearly reductions
can save a lot of time without any signi cant in uence on the r esults and their
interpretations for the next runs.

To neglect the wavelength dependence, the keyword3SFCOEFRBd PSFRANGE
must be commented out in the aXe con guration le (see Chapt.3.3.3.

3.6.2 Extraction of higher grism orders

The sensitivity of the higher grism orders (0th, 2nd, 3rd, -1st, -2nd) is very low
compared to the rst order. Most of the objects on a grism image are too faint
to deliver a signal in any but the rst order, and the extracti on of the very faint
or contamination dominated spectra is very time consuming.

It is therefore very reasonable to set the extraction limits for the higher
order spectra to a very low magnitude limit (setting the keywords in the con g-
uration le e.g. MMAGXTRACB 10 MMAGXTRACT 1Q ....) to prevent their
extraction. Even if those higher order spectra are not extrated, they are still
fully taken into account in the contamination analysis. The brightness limits
for objects to be included into the contamination analysis & by the keywords
MMAMIARK (see also next Chapter).

3.6.3 Limits for contamination

Similar to the extraction magnitudes, sensible limits for the contamination mag-
nitudes (controled by the keywordsMMAGIARK) can avoid super uous compu-
tations. If e.g. the target has a brightnessmag = 20:0, it is useles to include
the zeroth orders of all objects down tomag = 22:0 into the contamination
estimate, since the contaminating contribution of the zerah order of a 22mag
object of the rst order of a 20 mag object is negligable. In the setting of rea-
sonable limits for the various orders, it is important to compare the throughput
on the chip with the througput of the most important rst orde r spectrum.

Table 3.2 lists the di erential throughputs with respect to the rst o rder in
units [mag] for both ACS cameras. The quantitiesdiffmag in Tab. 3.2 have
the following meaning:
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Order name  Order letter i . through. Di. through.
WFC [mag] HRC [mag]
rst A 0.00 0.00
zeroth B 1.42 1.95
second C 3.58 2.75
third D 4.15 3.33
- rst E 3.42 3.33
-second F 5.04 4.00
-third G 4.55 -

Table 3.2: The di erential throughput of the various orders with respect to the
rst order for the WFC and the HRC. The quantities are given in magnitudes.

given two objects 1 and 2 with magnitudesm1 and m2, respectively. object 1
has, in the orderk, approximately the same count rates as object 2, in the rst

order, if

m2=m1l diffmag (k;instr)

with diffmag (k;instr ) the corresponding value for orderk from Tab. 3.2. This
table can be used to set reasonable limits for the keywordMMAGIARKE in the
aXe con guration le. If the contamination should include 1 mag fainter object
orders, reasonable values for a target object withmag = 20:0 on the WFC

would be:

MMAG _MARK

MMAG -MARK

MMAG _-MARK

MMAG _-MARK

MMAG _MARK

MMAG _-MARK

MMAG _-MARK

A

B

C

D

-E

F

G

20:0+1:0
21:0
20:0+1:0
19:58
20:0+1:0
17:42
20:0+1:0
16:85
20:0+1:0
17:58
20:0+1:0
15:98
20:0+1:0 455
16:45

1:42

3:58

4:15

3:42

5.02

These values would assure that the all relevant beams are tadn into account
when computing the contamination, but also avoid the costly computation of ir-
relevant contamination contributions. The di erential th roughput values in Tab.
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3.2 are derived from the order sensitivities applied to at continuum sources;
they may not be applicable very red or very blue sources or erssion line objects.



Chapter 4

axXe tasks

This chapter gives detailed descriptions of each of the aXeasks and of their
parameters. Examples of how to run each task are also includeas well as de-
scriptions of the les required and produced by each task. A etailed description
of all the output products can be found in Chapt. 7.

The aXe tasks use Environment Variables (see Chapt5.1) to de ne the
locations of the direct and slitless images. In addition, al tasks are meant to
work on speci ¢ FITS extensions in the input images and the odput products of
each aXe task re ect this by having a " #" (where # is an extension number)
appended to the original FITS le name (e.g. a grism1.SPC.ts le will be
produced if the input slitless FITS le was named grism. ts and if the science
data of interest was located in extension 1). Selection of th extension to extract
is de ned in the con guration le (Chapt. 5.2.1) .

4.1 |OLPREP

This task produces Input Object Lists for every input image of a MultiDrizzle
combined image. It projects the object positions in a mastercatalogue, which
contains all objects in the coordinate system of the MultiDrizzled image, out
into the coordinate system of each input image. For each inptimage an Input
Object List is generated which contains only the objects wihin the boundaries
of this input image.

The names and drizzle paramters of the input images are retdéved from the
header of the MultiDrizzle combined image. The projection d the object posi-
tions into the coordinate system of the input images is done \ith the STSDAS
task tran .

There is a parameter to in uence the sensitive area to inclu@ objects in the
IOL's. This allows objects beyound the physical boundariesof the input image
to be included in the IOL's to take into account partly covered objects or to
include bright objects outside of the FOV in contamination estimates derived
from those IOL's.

51
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During the task execution the drizzle coe cient les and the input images
mut be available. For this reason it would be best practice torun it in the
directory which was used to combine the input images with MutiDrizzle.

4.1.1 Usage

iolprep comb_image master_cat dim_info

4.1.2 Parameters

mdrizzle_image: the name of the combined (MultiDrizzled) i mage
input_cat: the name of the SExtractor master catalogue

dimension_info: four numbers to specify the modifications
[left, right, bottom, top] to the target area on the input
images. E.g. 100,500,-10,0 would include in the Input Objec
Lists all objects with 100 < x < x_size + 500 and
-10 < y <y size.

Example:
axeprep mdrizzle_image='g800I_drz.fits' input_cat="bv ri.cat'
dimension_info=-200,0,0,0
4.1.3 Output

[grism lename] _[science ext number].cat

4.2 FCUBEPREP

The task produces uxcubes for a set of grism images in a staratd scenario.
The user should have prepared a MultiDrizzled grism image ad at least one
MultiDrizzled direct image. Moreover there exists a segmeation map which
was produced together with the master catalogue of objectsni a SExtractor
run. All the MultiDrizzled images must have the identical coordinate system,
which means every pixel (;j ) must represent the identical position (Ra;Dec)
on the sky

The task analyzes the header of the combined grism image andg&acts the
name and the drizzle parameters of each grism input image. Té lterimages are
transformed from counts=secto ux units, and the STSDAS task blot produces
for each input grism image a set of cutout images from the segemtation and the
ux images. The cutout images for each grism input image are nally combined
to a uxcube.

There exists the option to produce uxcubes which have a di erent size than
their associated grism image. This allows to include objed outside of the grism
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image FOV in the contamination estimate, or to restrict the contamination
analysis to only a restricted area.

As with iolprep the drizzle coe cient les and the grism images mut be
available during task execution, and the best way to assurettis would be running
the task in the directory used for the drizzle combination of the grism images.

4.2.1 Usage

fcubeprep grism segmentation filtinfo zeropoint dim_info

4.2.2 Parameters

grism_image: the name of the combined (MultiDrizzled) gris m image
segm_image: name of the segmentation image
filter_info: name, wavelength, zeropoint of the filter ima ge(s).

If there are several filter image the comma separated
quantities are written in a file, and the name of this file
is given here.

AB_zero: boolean to indicate whether the zeropoints given i n the
parameter ‘filter_info' are in AB- or ST-magnitudes

dimension_info: four numbers to specify the modifications
[left, right, bottom, top] to the target area on the grism
images. E.g. 100,500,-10,0 would produce fluxcube images
which cover the area 100 < x < x_size + 500 and -10 < y < y size
in the input grism images

interpol: the inpolation scheme used to compute flux values at
the interpolated wavelengths

Example:
fcubeprep grism_image='g800I_drz.fits' segm_image='f8 50_seg.fits'
filter_info="cubelisST.lis' ABzero='"NO'

with the file cubelisST.lis:

f435w_drz.fits, 431.8, 25.157
f606w_drz.fits, 591.8, 26.655
f775w_drz.fits, 769.3, 26.393
f850Ip_drz.fits, 905.5, 25.954
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4.2.3 Output

J[grism lename] _[ext number].FLX. ts

4.3 AXEPREP

This task prepares the science les (e.g. ACS t-les produced by the on-the-
y pipeline or the calacs task) for further processing within aXe. axeprep
provides important keywords and is mandatory if axedrizzle is to be used
later on.

axeprep provides two di erent processing steps:

background subtraction:

Provided that an Input Object List is given for the grism imag e, axeprep
uses the taskssex2gol, gol2af and backest to mark the beam areas on
the grism image as well as on the master background image. Usj the
iraf task imstat with 3 times clipping pixels with values > 3 , the median
pixel values are derived for the unmarked pixels on both the gsm image
and on the master background image. The master background,csled to
the level of the grism image, is nally subtracted from the grism image.

exposure time normalization The input le is normalized by t he exposure
time to transform the images into counts per second.

Every processing step can be switched on/o independently ly associated boolean
parameters.

For WFC images, the correspondence between the con guratio les, the
background images and the IOL's declared in the Input Image lst is explained
in Fig. 3.2

The le used by axeprep asinlist can be reused again iraxecore, drzprep
and axedrizzle , perhaps extended with di erent dmag-values for the grism
images.

4.3.1 Usage

axeprep inlist configs back backims fwhm norm hist

4.3.2 Parameters

inlist: Input Image List which gives on each line
a) the name of the grism image to be processed (mandatory)
b) the object catalog(s) (mandatory if back="yes',
comma separated list if there is more than one catalogue)
c) the direct image associated with the grism image (optiona

configs: name of the aXe configuration file. If several imag e
extensions are to be processed (e.g. for WFC images), one
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configuration file per extension must be given in a comma
separated list.

background: boolean to switch on/off background subtracti on

backims:name of the background image. If several image exte nsions
are to be processed (e.g. for WFC images), one background
image per extension must be specified in a comma separated
list.

fwhm:  real number to specify the extent (as a multiple of A_IM AGE
or B_IMAGE) of the area which is masked out perpendicular to
the trace of each object before the background level is
determined (see parameter mfwhm in gol2af).

norm:  boolean to switch on/off the exposure time normalizat ion

histogram:boolean to switch on/of the display of an image hi stogram
of the background subtracted image as a quality check.

Example:
axeprep inlist="imlist.lis', configs='confl.conf,conf 2.conf',
back="YES', backims='backl.fits,back2.fits', fwhm=2.0 ,
norm='YES', histogram='YES'
If back='YES':

$AXE OUTPUT _PATH/[slitless lename] _[ext number].MSK. ts

ATTENTION:

The task AXEPREP changes the SCI-extensions of the grism imges! It is
highly recommended to work only on copies of the original les in order to
be able to repeat the reduction with di erent parameters.

4.4 AXECORE

This aXe task combines the Low Level Tasksex2gol , gol2af , af2pet , petff ,
petcont , pet2spc and stamps and o ers the possibility to make a complete
aXe reduction based on the individual images in one task. Ths also includes
the reduction with background PETs (set back="YES'). The pa rameter list
comprises all parameters for the individual tasks, and as a@nsequence is rather
long. For most of the parameters the default value is appropiate, so the actual
number of parameters that will normally need to be edited by the user is quite
modest. In the listing below, the axecore parameters are organised according
to the low-level aXe tasks they a ect.
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The Input Image List used in the task axeprep asinlist can be reused
again in axecore, perhaps extended with individual dmag-values for the grign
images.

The sequence of con guration les must correspond to the segence of Input
Object Lists and the sequence of background images imlist  (see Fig.3.2).

In caseaxedrizzle is not going to be used, the parametedrzfwhmshould be
empty or set to 0:0. Otherwise the paramtersextrfwhm and drzfwhmin the task
axecore must correspond to the parametersnfwhm and outfwhm, respectively.
The extraction widht used after drizzling, which is specied in drzfwhm and
outfwhm, must be larger than the extraction width for the PET's in axecore,
which is set by extrfwhm (see Chapt.4.6).

4.4.1 Usage

axecore inlist configs back extrfwhm backfwhm orient slitl ess_geom exclude ...

4.4.2 Parameters

inlist:  Input Image List which gives on each line
a) the name of the grism image to be processed (mandatory)
b) the object catalog(s) (mandatory)
c) the direct image associated with the grism image (optiona )
d) dmag value (see GOL2AF) for the grism image (optional)
configs: name of the axe configuration file. If several imag e
extensions are to be processed (e.g. for WFC images), one
configuration file per extension must be given in a comma
separated list.

back: Boolean to switch on/off the creation of a background P ET with
mfwhm=backfwhm

[The following parameters apply to GOL2AF:]

extrfwvhm: mfwhm value to specify the extraction width in gol 2af
drzfwhm: mfwhm value to specify the extraction in axedrizzl e
backfwhm: mfwhm value to specify the width of the background  PET
orient:  enable tilted extraction

slittess_geom: enable the best extraction for slitless spe ctroscopy

exclude: switch off the listing of faint objects
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lambda_mark: the wavelength at which to apply the cutoff mag  nitudes
MMAG_EXTRACT and MMAG_MARK

[The following parameters apply to PETCONT:]
cont_model: name of the contamination model to be applied
model_scale: scale factor for the gaussian contamination m odel
interp_type: interpolation type for the flux values
lambda_psf: wavelength [nm] at which the object widths were measured
[The following parameters apply to BACKEST:]
np: number of points for background estimation
interp:  interpolation type for background determination
(-1: GLOBAL median; 0: local median; 1: linear fit;

2: quadratic fit)

niter_med: number of kappa-sigma iterations around the med ian

niter_fit: number of kappa-sigma iterations around the fit value
kappa: kappa value
smooth_length: number of adjacent pixels on each side to use when

smoothing the background estimate in x-direction
smooth_fwhm: FWHM of the Gaussian used in the background smathing
[The following parameters apply to PET2SPC and STAMPS:]

spectr:  enable the creation of SPCs and STPs for each of the
grism files individually

weights: compute and apply optimal weights

adj_sens: adjust the sensitivity function for extended sou rces
sampling: the sampling mode for the stamp images

Example:

axecore inlist="imlist.lis' configs='confl,conf2' back ='YES'
extrfivhm=4.0 backfwhm=5.0 exclude='"NO' cont_model='gau ss
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model_scale=4.0 interp_type='linear' lambda_psf=600.0
slittess_geom="YES' np=10 interp=1 spectr="YES' adj_sen s='YES'

4.4.3 Output
$AXE OUTPUT _PATH/[slitless lename] _[ext number].cat

$AXE OUTPUT _PATH/[slitless lename] _[ext number].OAF
$AXE OUTPUT _PATH/[slitless lename] _[ext number].PET. ts
$AXE _OUTPUT _PATH/[slitless lename] _[ext number].CONT. ts

If back="YES':
$AXE _OUTPUT _PATH/[slitless lename] _[ext number].BAF
$AXE _OUTPUT _PATH/[slitless lename] _[ext number].BCK. ts
$AXE OUTPUT _PATH/[slitless lename] _[ext number].BCK.PET. ts
If drzfwhm>0and cont_model="geometric'

$AXE _OUTPUT _PATH/[slitless lename][drzfwhm] _[ext number].OAF
this le is used to recompute the contamination in the PET's, using the
value speci ed in drzfwhm as extraction width

If spectr="YES' :
$AXE OUTPUT _PATH/[slitless lename] _[ext number].STP. ts
$AXE OUTPUT _PATH/[slitless lename] _[ext number].SPC. ts

If spectr="YES' and weights="YES' :
$AXE OUTPUT _PATH/[slitless lename] _[ext number].opt.SPC. ts
$AXE OUTPUT _PATH/[slitless lename] _[ext number]_opt. WHT. ts

45 DRZPREP

This task produces a set of Drizzle PrePare (DPP) les for a sé of images
given in an Input Image List. A DPP-le is a multi-extension ts le with a
pixel stamp image, an error stamp image and a contamination amp image for
each rst order beam in a grism image. DRZPREP uses the PET le to derive
the pixel/error/contamination values for the stamp images and the background
aperture le (BAFs) to de ne a common geometry for the indivi dual objects.
The need for a common geometry for all stamp images of a singlebject forces
drzprep to be run always on the set of images which later are also combed
with axedrizzle . If there is more than one set of PETs for each grism image
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(as in the case of WFC data), the con guration les should be given as a comma
separated list in the parameterconfigs .

The task also derives and stores important keywords foaxedrizzle . Inthe
Input Image List given with the parameter 'inlist' the rsti tem on each line
must be the name of the grism image. Further columns/items ae neglected by
drzprep . Therefore the le used asinlist in axecore and axeprep can be
re-used indrzprep again.

45.1 Usage

drzprep imagelist configs back

45.2 Parameters

inlist: Input Image List which gives the name of the grism ima ge to
be processed as the first item on each line.

configs: name of the aXe configuration file. If several imag e
extensions are to be processed (e.g. for WFC images), one
configuration file per extension must be given in a comma
separated list.

opt_extr: boolean to generate also the necessary data for op timal
extraction in axedrizzle

back: boolean to switch on the creation of background DPPs ma de
by processing background PETSs.

Example:
drzprep inlist="axeprep.lis' configs='aXe_configl.con f,aXe_config2.conf'
back="NO'
4.5.3 Output
If back='NO':

$AXE DRIZZLE _PATH/[slitless lename] _[ext number].DPP. ts or

If back='YES':
$AXE DRIZZLE _PATH/[slitless lename] _[ext number].BCK.DPP. ts

4.6 AXEDRIZZLE

This task takes the DPPs prepared bydrzprep as input. The extensions for the
various objects are extracted from the DPP, and the extractal stamp of each
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object are drizzled together (see Chapt.1.8) to form a deep, 2D drizzled grism
image for each object. For a description of the drizzle algathm, see Fruchter
& Hook (2002)

The drizzle coe cients computed by drzprep for each stamp image are given
as header keywords and are computed in such a way that the contted 2D
drizzled grism image resembles an ideal grism image with a ostant dispersion
and a constant pixelscale in the cross-dispersion directm The trace of the
drizzled spectra is parallel to the x-axis of the image. The @persion and the
pixelscale (in cross-dispersion direction) are set in the de con guration le
with the keywords DRZRESObAd DRZSCALEespectively (see Chapt.5.2). At
present only the rst order beams of images taken with the G8@L grism can
be drizzled.

Drizzling usually creates pixels with incomplete coverageat the borders of
the drizzle images. To avoid those pixels with their lower wéght entering the
1D extraction, the extraction width used in the 1D extraction from the 2D
drizzled grism images should besmaller than the extraction width used to gen-
erate the PETs in axecore. The extraction width (in multiples of the object
fwhm) for the 1D extraction must be specied with the parameter outfwhm,
while the parameterinfwhm must be set to the value that was used inaxecore
to create the PET's and therefore the DPP's. infwhm and outfwhm in the
task axedrizzle therefore directly correspond in axecore to the parameters
extrfvhm and drzfwhm, respectively. Then the task axedrizzle can recalcu-
late the extraction width for the 1D extraction. Typical val ue pairs for (infwhm,
outfwhm) are (4.0,3.0) or (3.0,2.0). Note, however, thatinfwhm and outfwhm
must have the same value agxtrfwhm and drzfwhmin the task axecore, re-
spectively. A wrong value in axecore can not be corrected or changed in the
task axedrizzle

In addition to the 2D drizzled grism images, axedrizzle creates all the
necessary les to facilitate the extraction of the 1D specta with the tasks
drz2pet and pet2spc. Usually, these additional steps are carried out auto-
matically within axedrizzle (if makespc='YES'). To drizzle the background
DPPs, the task axedrizzle must be run with back="YES'. If the drizzling of
the background is doneafter the drizzling of the object DPPs, the background
is correctly taken into account in the reduction of the 1D spectra.

The Input Image List given with the parameter inlist must contain the
name of the grism image as the rst item on each line. The name Bbthe corre-
sponding DPP le(s) are then derived from the grism name and te chip as speci-
ed in the con guration le(a). Further columns/items are n eglected. Therefore
le used as 'inlist' in axecore and axeprep can be reused inaxedrizzle again.

4.6.1 Usage

axedrizzle inlist configs infwhm outfwhm back makespc
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4.6.2 Parameters

inlist:  Input Image List with the input grism filename as the first item
on each line.

configs: name of the aXe configuration file. If several imag e extensions
(and therefore DPPs) are to be processed (e.g. for WFC images ),
one configuration file per extension must be given in a comma
separated list.

infvhm:  mfwhm for the input PETs and DPPs

outfwhm: mfwhm for the extraction of the objects in later ste ps

back: boolean to work on background DPPs and produce drizzle d backgrounds

makespc: boolean to switch on/off whether SPCs shall be crea ted directly
from the coadded images

adj_sens: adjust the sensitivity function for extended sou rces

opt_extr: boolean to switch on the optimal extraction in add ition to
the regular, exposure time weighted extraction

Example:
axedrizzle inlist="axegrism.lis" configs="HUDF.HRC.co nf* infwhm=4.0
outfwhm=3.0 back="NO" makespc="YES" adj_sens="YES"
4.6.3 Output

If BACK='NOthen for an input name ./[drizzle root filename]_2.list
$AXE _CONFIG _PATH/[drizzle root lename].conf
$AXE DRIZZLE _PATH/[drizzle root lename] _2.0AF
$AXE DRIZZLE _PATH/[drizzle root lename] _ID[num]. ts
If BACK='YESthen for an input name ./[drizzle root filename] 2.BCK.list
$AXE _CONFIG _PATH/[drizzle root lename].conf
$AXE _DRIZZLE _PATH/[drizzle root lename] _2.BAF
$AXE _DRIZZLE _PATH/[drizzle root lename] _ID[num].BCK. ts
If makespc="YES:
$AXE _DRIZZLE _PATH/[drizzle root lename] _2.SPC. ts
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$AXE DRIZZLE _PATH/[drizzle root lename] _2.STP. ts

If makespc="YES'and opt_weight="YES' :

$AXE _DRIZZLE _PATH/[drizzle root lename] _2 opt.STP. ts
$AXE _DRIZZLE _PATH/[drizzle root lename] _2_opt.WHT. ts

4.7 SEX2GOL

This task generates a Grism Object List le using an Input Object List as input.
There are three di erent kinds of Input Object List that can b e fed into aXe:

an Input Object List (in SExtractor format) of objects on a di rect image

covering (roughly) the same eld as the grism image

an Input Object List in SExtractor format, which gives the ob jects on the

grism image in world coordinates (RA, Dec and thetasky)

an Input Object List in SExtractor format, which lists the ob jects on the
grism image in world coordinates and image coordinates (Xmage, y.image

and theta_image)

A thorough description of the Input Object List is given in Ch apt. 7.4.

For the rst two ways to specify object lists, the image coordinates of the
objects on the grism image will be recomputed using the WCS iformation of
the grism image and the direct image. This approach therefoe relies on the
accuracy of the WCS information given in those images. Refeto section 7.4
for a description of what values should be in the the input catlog and which

ones can be re-constructed by SEX2GOL.

4.7.1 Usage

sex2gol grism config in_sex use_direct direct dir_hdu
spec_hdu out_sex

4.7.2 Parameters

grism: name of the grism image to be processed.
config: name of the axe configuration file.
in_sex: name of the object file.

use_direct: boolean to indicate that the Input Object List r
direct image

direct: name of the direct image

efers to a
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dir_hdu: direct image extension to be used

spec_hdu:  grism/prism image extension to be used

out SEX: overwrites the default output object catalog name
Example:
sex2gol grism="test_grismn.fits' config="SLIM.conf.te st.0'

in_sex="test_0.cat' use_direct='"NO'

4.7.3 Output
$AXE OUTPUT _PATH/[slitless lename] _[ext number].cat

4.8 GOL2AF

This task generates an Aperture File using an input Grism Objct List and
a valid con guration le which de nes the length, wavelengt h calibration and
global o sets between direct and slitless images. For posite numbers in mfwhm
the extraction width of the BEAMs is set up to be this number ti mes the width
listed in the Grism Object List. Negative numbers specify the extraction width
for all objects in pixels directly (see Chapt. 1.10for a detailed discussion). Two
magnitude cuto s are set in the Con guration File (Chapt. 5.2). Sources which
have magnitudes fainter than an extraction cuto magnitude are agged so
that they are not extracted, but will be accounted for when computing spectral
contamination and the background estimates. Sources whiclhave magnitudes
fainter than another cuto magnitude are marked so that they will be completely
ignored. The dmagvalue can be used to globally adjust these cuto s (to account
for a di erent signal-to-noise ratio in one dataset for exanple without having
to resort to editing of the con guration le).

This task can be used to generate both an Object Aperture Fileand a
Background Aperture File. While these les have a similar format, it is often
desirable to use di erent Aperture Files for the two cases. This is because the
former is used to extract counts from pixels which are known b contain ux from
the source, while the latter can be thought to de ne a zone to aoid all source
ux in the slitless image when computing the background levé (in the case
that a master sky is not used for background subtraction, seeChapt. 1.6). In
practice, a larger extraction width multiplier should be used when generating
the Background Aperture File so that all the object ux is pro perly isolated
when generating a Background Estimate File (Chapt.7.7).

With orient="YES"  GOL2AF extracts the beams with an extraction an-
gle parallel to the semi-major-axis of the object.orient="NO"  forces a vertical
extraction perpendicular to the spectral trace of the beam. For orient="YES"
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and slitless _geom="YES" however GOL2AF adjusts the extraction angle
when the desired extraction angle forms too small an angle wh the spectral
trace (j j < 35). Then the extraction angle follows the semi-minor-axis irstead
of the semi-major-axis of the object which results in more ptels being extracted
from the slitless image (see Chaptl.10and Fig. 1.12 for more details).

4.8.1 Usage

gol2af grism config mfwhm dmag back slittess_geom orient ex clude
sci_hdu out_af in_gol

4.8.2 Parameters

grism: name of the grism image

config: name of the aXe configuration file

mfwhm: the extraction width multiplicative factor

back: to generate a BAF instead of an OAF file

orient: boolean to switch on/off tilted extraction
slitless_geom: boolean to switch on/off automatic orienta tion

for the tilted extraction

exclude: boolean to switch on the removal of faint objects
in the result

lambda_mark: the wavelength at which to apply the cutoff mag  nitudes
MMAG_EXTRACT and MMAG_MARK

dmag: a number to add to the MMAG_EXTRACT and MMAG_MARK
values given in the configuration file
out_af: overwrites the default output AF orr BAF filename
in_gol: overwrites the default input catalog name
Example:
gol2af grims="test_grismn.fits' config="SLIM.conf.tes t.0' mfwhm=4.0
back="YES'
4.8.3 Output

If back='NO':
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$AXE OUTPUT _PATH/[slitless lename] _[ext number].OAF
If back='YES':

$AXE OUTPUT _PATH/[slitless lename] _[ext number].BAF

4.9 BACKEST

This task uses the input slitless image and a Background Apdure File to gen-
erate a Background Estimate File (Chapt.7.7) . This task is applicable when a
master sky is not used for background subtraction (Chapt.1.6). The number
of points to use and the order of the interpolation to use to geerate the Back-
ground Estimate File can be set using online parameters. Thevalues in the
regions within each of the BEAMs listed in the Background Esimate File are
replaced by the median, average, linear, on™ order polynomial interpolation
of pixels which are immediately above and below a BEAM (but nd within any
other BEAM). The number of pixels to use for tting is by defau It set to 10
on each side below and above the BEAM (therefore 20 pixels inatal). The
value given for the np option can be used to change this default value. If the
number of points is set to a value which is 0 or less, then the @me column of
an image will be used, ignoring any pixels which are within ag known BEAM.
This option allows for a full column background estimate to be created, instead
of a local background estimate. The type of interpolation iscontrolled by the
parameter interp :

interp= -1 ; Median
interp= 0 ; Average
interp= 1 ; Linear t
interp= ( n> 1) ; n" order polynomial t ;

In case that bad pixels or cosmics are not marked in the dg-exntion of the t-
le, it is possible to execute a number of kappa-sigma klippng iterations prior
to the nal t. The kappa-sigma iterations exclude extreme p ixel values created
by defects limit their impact on the t.

To further suppress the noise in the background, it is possile to apply a
Gaussian smoothing in x-direction on the tted background values. This is
controled by the parameterssmooth length and smooth fwhm which give the
number of adjacent pixels used for calculating the smoothed/alue on each side
of a background apixel and the FWHM of the Gaussian, respectiely.

49.1 Usage

backest grism config np interp mask in_af out_af
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4.9.2 Parameters

grism: name of the grism image
config: name of the aXe configuration file
np: the number of pixels used on each side of a beam

to compute the median/average/fitted background
interp: the type of interpolation to perform

niter_med: number of kappa-sigma iterations around the med ian

niter_fit: number of kappa-sigma iterations around the fit value
kappa: kappa value
smooth_length: number of adjacent pixels on each side to use when

smoothing the background estimate in x-direction

smooth_fwhm: FWHM of the Gaussian used in the background smathing

mask: create a mask image with the OAF file
in_af: overwrite the default input aperture filename
out _back: overwrite the default output background filenam e
Example:
backest grism="test_grismn.fits' config="SLIM.conf.te st.0' np=10 interp=1
4.9.3 Output
If mask="NO:

$AXE OUTPUT _PATH/[slitless lename] _[ext number].BCK. ts
If mask="YES:"
$AXE _OUTPUT _PATH/[slitless lename] _[ext number].MSK. ts

410 AF2PET

This task uses the input slitless image together with an Objet Aperture File

to generate a Pixel Extraction Table (PET) for the input data . The same
task should be used with the Background Estimate File and thesame Object
Aperture File to generate a Background Pixel Extraction Table containing in-
formation about the spectral background (BPET).
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4.10.1 Usage

af2pet grism config back out pet

4.10.2 Parameters

grism:  name of the grism image
config: name of the aXe configuration file

back: generate a PET for a background image using
a BAF file instead of a OAF file and using a
background image generated by backest

out PET: overwrite the default output PET filename

Example:
af2pet grism="test_grismn.fits' config="SLIM.conf.tes t.0' back="YES'

4.10.3 Output
If back="NO":
$AXE OUTPUT _PATH/[slitless lename] _[ext number].PET. ts
If back="YES':
$AXE _OUTPUT _PATH/[slitless lename] _[ext number].BCK.PET. ts

411 PETCONT

The task computes and stores the contamination informationfor a given Pixel
Extraction Table . There are two distinct ways to compute the contamination:

The geometrical contamination records, for each PET pixel,how often it
is a member of a dierent beam. If a pixel is a member of two sepeate
beams, i.e. is in a region where two beams overlap, it is assigd a value
of 1 in each of the two beam PET's, thus indicating that this pixel is also
part of another beam.

In quantitative contamination, the amount of contaminatin g ux from
other beams is estimated for each PET pixel. This estimate idased on a
model of the emitting sources. There are two di erent methods to establish
an emission model , thegaussian emission model and the uxcube
model . Chapt. 1.7.2 gives a detailed discussion on the emission models
and their implications for the contamination.

The right panel of Fig. 1.2 is a geometrical contamination image, which carries
the basic information about contamination.
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4.11.1 Usage

petcont grism config cont_map

4.11.2 Parameters

grism: name of the grism image

config: name of the aXe configuration file

cont_model: name of the contamination model to be applied

model_scale: scale factor for the gaussian cont. model

spec_models: name of the multi-extension fits table with mo del spectra
object_models: name of the multi-extension fits image with object templates.

interp_type: interpolation type for the flux values

lambda_psf: wavelength [nm] at which the object widths were measured
cont_map: write the contamination map into a FITS file
in_af: overwrites the input AF file name
Example:
petcont grism="test_grismn.fits' config="SLIM.conf.te st.0' cont_map="YES'

4.11.3 Output
Updates $AXE_OUTPUT _PATH/[slitless lename] _[ext number].PET. ts
$AXE _OUTPUT _PATH/[slitless lename] _[ext number].CONT. ts

412 PETFF

This task uses a at- eld calibration le to at- eld the con tent of a Pixel Ex-
traction Table (see Chapt. 7.8). The wavelength of a pixel is used in conjunction
with a at- elding data cube containing the coe cients of a p olynomial which
can be used to compute at each pixel (x,y):
FE(GY:X) = ao(xy)+ ar(xy) x++a X,
where,
x=( min )=( max min )

The coe cients ap(x;y) are stored in the rst data extension of the at- eld
cube, a;(x;y) in the second, etc... The values for nax and nn are in the
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FITS header keywordsWMIN and WMAX . The name of the at- eld cube
is read from the aXe con guration le using the parameter FFN AME . Chapter
6.2 gives a detailed description of the ateld.

Note on aXe wavelength dependent at- elding:

The same wavelength dependent at- elding should be applial to both the
OPET and the BPET separately so that when subtracted, the information
contained in the BPET has been at- elded with the same at- eld as the
OPET (which contains electron count rates of objects plus etctron count
rates of the background). Doing so ensures that the result obubtracting
the content of the BPET from the OPET are in electron count rat es for all
objects which have been properly wavelength dependent atelded. Flat
elding is performed by dividing the pixel value by the computed at-
eld coe cient. Also note that this task only computes prope r at- eld
coe cients for values of wavelength which are within the range WMIN to
WMAX . The task takes the at- eld value computed at the wavelength
WMIN for wavelengths smaller than WMIN, and the at- eld cal ue WMAX
for wavelengths larger than WMAX.

4.12.1 Usage

petff grism config back ffname

4.12.2 Parameters

grism: name of the grism image
config: name of the aXe configuration file
back: apply FF to the background Pixel Extraction Table (BPE T)

ffname: overwrite the default input flat-field cube name

Example:
petff grism="test_grismn.fits' config="SLIM.conf.test .0" back="YES'

4.12.3 Output
If back="NO":
Updates $AXE_OUTPUT _PATH/[slitless lename] _[ext number].PET. ts

If back="YES':
Updates $AXE_OUTPUT _PATH/[slitless lename] _[ext number].BPET. ts
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4.13 PET2SPC

This task is used to transform the content of an Object Pixel Extraction Table
into a set of 1D binned spectra in an Extracted Spectra File (ge Chapt.7.11).
The binning process is explained in more detail in Chapt.1.5 and allows the
application of optimal weights (see Chapt. 1.9).

The task can be used simultaneously with both an Object PixelExtraction
Table and a Background Pixel Extraction Table, in which case a background
subtraction is performed. Care must be taken that both Objed and Background
Pixel Extraction Tables were created with the same ApertureFile. Additionally,
absolute ux calibration can be performed if the proper information is included
in the Main Con guration File.

4.13.1 Usage

pet2spc grism config use_bpet do_flux drzpath oaf opet bpet out_spc

4.13.2 Parameters

grism: name of the grism image

config:  name of the aXe configuration file

use_bpet: use of a BPET file

adj_sens: adjust the sensitivity function for extended sou rces
weights: compute and apply optimal weights

do_flux: do flux calibration

drzpath: use AXE_DRIZZLE_PATH for IN/Output?

in_af: overwrite the default input Aperture File name
opet: overwrite the default input Object PET file name
bpet: overwrite the default input Background PET file name

out_spc: overwrite the default output SPC file name

Example:
pet2spc grism="test_grismn.fits' config='"SLIM.conf.te st.0" use_bpet="YES'
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4.13.3 Output
If drzpath="NO' :
$AXE _OUTPUT _PATH/[slitless lename] _[ext number].SPC. ts
If drzpath="YES' :
$AXE _DRIZZLE _PATH/[slitless lename] _[ext number].SPC. ts
If weights='YES' :
$AXE _OUTPUT/DRIZZLE _PATH/[slitless lename] _[ext number]_opt.STP. ts
$AXE OUTPUT/DRIZZLE _PATH/[slitless lename] _[ext number]_opt.WHT. ts

4.14 STAMPS

This task uses the content of a Pixel Extraction Table (see Clapt. 7.8) to gen-
erate a FITS Stamp Image File (see Chapt7.12 containing stamp images of
the BEAMSs that were extracted. This task can output various types of stamp
images. In addition to the usual trace -stamp images which display the beams
as they appear on the grism images, theectied stamp images order the
PET pixels in a rectangular grid using the Xl and DIST values of the pixels.
For drizzled stamp images the pixels are resampled onto a rectangular gti
with wavelength and trace distance as the axes and with a cortant dispersion.
The rst order beams are resampled to the dispersion speci d in the keyword
DRZRESOIoA as all other beams, to the average dispersion in the PET piels.

The stamp images allow a quick visual check on the extractionprocess.
Moreover the drizzled stamp images can be used as an input falternative 1D
extractions with other iraf or IDL tools.

4.14.1 Usage

stamps grism config rectified drzpath out_root

4.14.2 Parameters

grism: name of the grism image

config:  name of the aXe configuration file
sampling: the sampling type

drzpath: use AXE_DRIZZLE_PATH for IN/Output?

in_af: non standard OAF name
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in_PET: non standard PET name

out_stp: non standard STP name

Example:
stamps grism="test_grismn.fits' config="SLIM.conf.tes t.0' rectified="YES'

4.14.3 Output
If drzpath="NO' :

$AXE OUTPUT _PATH/[slitless lename] _[ext number].STP. ts
If drzpath="YES' :

$AXE DRIZZLE _PATH/[slitless lename] _[ext number].STP. ts

4.15 DRZ2PET

This task produces one object PET (background BPET if back="YES') from a
set of images created with AXEDRIZZLE. On this PET the task pet2spc can
then perform the extraction of the 1D spectra for the drizzled grism images.

All the necessary input les (OAF/BAF, image list, modi ed ¢ on guration
le) are automatically created by the AXEDRIZZLE task. The s equence of the
images in the image list must match the sequence of the beams ithe OAF.
Interactive changes to the image list and/or the OAF are not recommended.

The 1D extraction of the 2D drizzled grism spectra is usuallydone within
axedrizzle by calls to the tasks drz2pet and pet2spc.

The task drz2pet also sets the pixel weights to re ect the di erent signal-to-
noise (S/N) ratios in each pixel. The S/N variations are caused by the masking
of bad and cosmic ray a ected pixels and by the partial coverae of objects on the
border of grism object. The pixels that will be co-added intoa single resolution
element in the 1D spectra are weighted according to their redtive exposure
times. Moreover it is in addition possible to compute and stae optimal weights
to enhance the signal-to-noise (S/N) ratio in the 1D extracted spectra.

4.15.1 Usage

drz2pet imagelist configs back

4.15.2 Parameters

inlist:  ascii list which gives the name of the grism image to b e processed
as the first item on each line.

config:  name of the aXe configuration file(s).
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opt_extr: boolean to set the computation and storage
of optimal weights

back: boolean to switch on/off the creation of background PE Ts made
from drizzled background images.

in_af: non standard OAF name
out PET: non standard PET name

Example:
drz2pet inlist="aXedrizzle 2.lis' conifgs="axedrizzle .conf' back='"NO'

4.15.3 Output
If back='NO':
$AXE DRIZZLE _PATH/[drizzle root lename] _[ext number].PET. ts
If back="YES':
$AXE _DRIZZLE _PATH/[drizzle root lename] _[ext number].BCK.PET. ts

416 AXEGPS

This task reports the spectral properties of a single pixel.The spectral proper-
ties for individual pixels can only be assigned with respecto a reference point
or reference beam.axegps lists:

the wavelength at pixel center

the dispersion at pixel center

the trace distance of the section point

the distance of the pixel center to the section point

the data value of the pixel

The task axegps works on the .OAF le. The corresponding OAF le and the
reference beam therein must therefore exist beforaxegps can give a result.

For numerical reasons a solution can only be guaranteed witin the bounding
box of the speci ed beam. The extraction width as speci ed with the parameter
‘extrfwhm " in axecore (or 'mfwhmin gol2af ) has an in uence on the bounding
box. In the case that the desired information for the pixel ofinterest is not given,
a repetition of axecore (or gol2af ) with a larger value of 'drzfwhm' (* mfwhii)
may enlarge the bounding box su ciently to get a result from axegps.
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Even in case of failure, the corner points which de ne the bomding box of
the beam are listed in the output such that the user can undertand why the
pixel information could not be computed.

4.16.1 Usage

axegps grism config beam_ref xval yval

4.16.2 Parameters

grism: name of the grism image
config:  name of aXe configuration file used to create the OAF

beam_ref: the beam to define the spectral solutions

xval: the x-coordinate of the pixel
yval: the y-coordinate of the pixel
Example:

axegps grism="j8m822qghg_flt.fits" config="HUDF.HRC.co nf
beam_ref="3A" xval=102 yval=588

4.16.3 Output
All output is directly printed to the standard output.
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Con guration of aXe tasks

The aXe tasks are con gured in three di erent ways:
environment Variables
con guration les

online parameters to aXe tasks

5.1 Environment Variables
All aXe tasks use the following environment variables:

AXE _IMAGE _PATH: the path where the input data is located

AXE _OUTPUT _PATH: the path where all aXe outputs, except the drizzle
related les, will be directed

AXE _DRIZZLE _PATH: the path where the drizzle outputs will be directed

AXE _CONFIG _PATH: the path where the aXe con guration les are lo-
cated

These can be set before running the aXe tasks or by a PyRAF sqst which
runs all the aXe tasks in the desired order.
Using csh/tcsh:

setenv AXE_IMAGE_PATH /path/to/my/data/
setenv AXE_OUTPUT_PATH /output/directory/
setenv AXE_DRIZZLE_PATH /drizzle/directory/
setenv AXE_CONFIG_PATH /path/to/the/axe/config/

Using bash:

75
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export AXE_IMAGE_PATH=/path/to/my/data/

export AXE_OUTPUT_PATH=/output/directory/
export AXE_DRIZZLE_PATH=/drizzle/directory/
export AXE_CONFIG_PATH=/path/to/the/axe/config/

5.2 Con guration Files

5.2.1 Main Con guration File

Many con guration parameters are read in by the aXe tasks fran a single text
le which serves as the primary means to con gure the extracion process for
a given mode of an instrument. A separate Main Con guration File should be
created for each of the spectral modes of each of the instrumes with which

aXe tasks are to be used. This con guration le contains a basc geometrical
description of where in the slitless image one would expect given BEAM to

be located relative to the position of the source object in a dect image.

The character ;" can be used to add comments to this le.

A general description of the format of the input data (location of the science,
error and data quality arrays) is also included in this le.

General con guration

The following keywords in the Main Con guration le are used to de ne several
parameters such as which extension of the input FITS imagesantain the data,
which keywords should be used to determine the exposure timef the input
data, etc...

INSTRUMENT [string] The name of the instrument to which this con g-
uration le applies (optional).

CAMERA [string] The name of the camera (optional).

SCIENCE_EXT [string or integer] The name of the FITS extension con-
taining the data array (if a string) or the number of the extension con-
taining the data array (if an integer).

ERRORS_EXT [string or integer] The name of the FITS extension con-
taining the error array (if a string) or the number of the exte nsion con-
taining the error array (if an integer). Set to "-1" if no erro r array is to
be read in.

DQ_EXT [string or integer] The name of the FITS extension containing the
data quality array (if a string) or the number of the extension containing
the data quality array (if an integer). Set to "-1" if no data q uality array
is to be read in.

DQMASK [integer] This integer value determines which bits in the data
quality array must not be set in order that a given pixel is considered
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to be good. The integer value is logically AND'ed with the actual data
quality value of each pixel. If the result is non-zero the piel will be
agged as bad and ignored in aXe tasks. The data quality valueassigned
to each pixel in calacs and updated in axeprep has di erent ag values

for the various pixel de ciencies (see the ACS Data Handbookfor the

exact codes). The ag values for 'new hot pixels' and 'cosmiaay rejected
pixels' for example are 16 and 8192, respectively. To ag bdt, the new
hot pixels and cosmic ray rejected pixels the integer for DQMASK must

be set to 8192+ 16 = 8208. To ag all non-zero values in the dataquality

array, DQMASK must be set to 16383.

EXPTIME [string or oat] If set to a string, this keyword de n es which
FITS header keyword will be read in the data array FITS extenson in
order to de ne the exposure time of the data. If set to a oat, t hen this
value is used instead. The exposure time is used to computex®l errors if
an error extention in the t image is missing and to compute the variance
for optimal extraction.

POBJSIZE [ oat] The size (rms) of point-like objects. for th e given con-
guration. Used for the smoothed ux conversion and as a minimum value
for the object size (see Sectl.10and box on page23).

SMFACTOR [ oat] Empirical correction factor to apply in the smoothed
ux conversion (see Sect.1.11).

RDNOISE[ oat] The readnoise of the CCD chip. This quantity i s used
to compute pixel errors in case that there is no explicit erra extention in
the t-images and to compute the variance in optimal extraction.

PSFCOEFFS [oat, oat, ..] The numbers give the coe cients of the
polynomial describing the variations of the PSF as a functio of the wave-
length in [nm]

PSFRANGE [ oat, oat] The two numbers give the lower and the u pper
wavelength range (in [nm]) for the application of the poynomal de ned
with the keyword PSFCOEFFBeyound that range the value at the border
is used.

PSF_.OFFSET # [ oat] Inserting a grism or prism into the optical beam
might degrade the PSF of the instrument, and the object widhts as mea-
sured on a direct Iter image mus be corrected for this by appying and
o set.

FFNAME [string] The name of the con guration le for the FITS data
cube containing the at- eld model.

OPTKEY1 [string] The name of a keyword in the FITS headers to identify
the proper extension to read (e.g. "CCDTYPE")
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OPTVALL [string] The value that the FITS header keyword de n ed by
OPTKEY1 must have in order to be selected (e.g. "1"). The OPTKEY1,
OPTVALL pair allow to select the proper chip from a multi-ext ension ACS
WFC image for example.

REFX [int] The 2D eld dependence contained in the con guration le is

by default taken to be with respect to pixel (0,0). The parameter REFX

and REFY can be set to di erent values. For example, these paameters
can be used when a 2D eld dependence with respect to the centef the
image is required.

REFY [int] See REFX.

DRZRESOLA [real] The dispersion (in A=pixel) for the drizzled rst order
beams.

DRZSCALE [real] The pixelscale (in ®per pixel) in the cross-dispersion
direction in the drizzled beams.

DRZLAMBO [real] The reference wavelength (in A) which is drizzled to
the reference pixel in the drizzled beams.

DRZXINI [real] The x-value of the reference pixel in the drizzled images.
The reference wavelength given in DRZLAMO is drizzled to thi reference
pixel. The y-value of the reference pixel depends on the ob@ width
and the extraction width. For a given drizzled beam, the y-value of the
reference pixel is at realGy=2) + 1:0 whereny is the number of rows in
the drizzled beam.

DRZPFRAC [real] The pixfrac-value used in axedrizzle .

DRZKERNEL [string] The drizzle kernel to be used in axedrizzle . All
kernels available in drizzle v2.92 are allowed. Those kerie are:
[square,point,turbo,gaussian,tophat,lanczos2,lancz8§. See the help for
drizzle and multidrizzle  and note on page5.2.1for more details.

DRZROOT [string] The root name for the output les created in axedrizzle .
The string 'hrcudf’ given as DRZROOT would result in the driz zled beams
'hrcudf_ext_ID1. ts', 'hrcudf _ext_ID2.ts', ..., the OAF/BAF 'hrcudf _2.0AF/BAF',
the drizzle con guration le 'hrcudf.conf’, the list of dri zzled images 'hrcudf2.lis'
and the dummy image 'hrcudf. ts'.
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Note on the optimum settings for drizzle:

The drizzle code (see Fruchter & Hook 2002) o ers several pammeters to
enhance the resolution of the drizzle-combined image. The ost important
parameters,pixfrac and kernel , can be set in the aXe con guration le as
the keywords DRZPFRAC and DRZKERNEL, respectively. In the calls to
drizzle, the task axedrizzle directly uses these corresponding parameters.
In the selection of the optimal aXe settings (and therefore dizzle param-
eters) to enhance the image resolution in grism spectroscgpthe user has
to apply the same rules as for direct imaging. In case of the wesam-
pled HRC, no substantial improvement of the resolution can ke expected,
whatever drizzle parameters you use.

BEAM con guration

There must be a description for each of the BEAMs (i.e. dispesion orders) that
are extracted. BEAMs are named using single letter charactes ('A','B','C',
etc.., for a maximum number of 26 BEAMS). All pixel coordinates and o sets
that appear in a BEAM description are in fact o sets from the r eference pixel
in the BEAM (REFPIXEL## in Aperture File). The following is d e ned for
each BEAM:

Magnitude cuto s
Trace description
Wavelength calibration description

Sensitivity

Magnitude cuto s

MMAG _EXTRACT [ oat] The maximum magnitude listed in the input
object catalog for this BEAM to be extracted during the extraction pro-
cess. Objects fainter than this cuto magnitude will not be extracted.
They will however be avoided when computing the background stimate
and will be used to ag extracted spectra for contamination (unless oth-
erwise determined by the MMAG_MARK parameter).

MMAG _MARK [ oat] Objects which have an input catalog magnitude
greater than this will be completely ignored and not accountd for. This
BEAM will not be used at all for anything and will not be avoide d when
computing the background estimate.

Trace description

The following items apply to the BEAM "#". The character "A"t hrough "Z"
should be substituted for "#".
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BEAM# [int] [int] The extent of the spectrum in the row (X) dir ection
with respect to the reference pixel of this BEAM. The location of the
reference pixel of this beam with respect to the direct imageposition is
de ned by the parameters XOFF and YOFF listed below. The beam row
extent is measured independently of the position angle and lavays along
the column direction.

DYDX _ORDER # [int] The order of the polynomial y = P( x) =
a+ a X+ ap x?+ . x and P( x) which determines the actual
location of the trace of the spectrum in this BEAM (See descrption of
this process in Chapt.1.3).

DYDX # _0[int] [...] For each of the orders n as speci ed by the DISPORDER _A,

an entry of the form DYDX _# _n must exist. This can be a eld dependent
representation (see note on pagé.2.1).

XOFF [ oat] A pixel row o set between the reference pixel of t his BEAM
and the position of the object in the Direct Image. This can bea eld
dependent representation (see note on page.2.1).

YOFF [oat] A pixel column o set between the reference pixel of this
BEAM and the position of the object in the Direct Image. This can be a
eld dependent representation (see note on pag®.2.1).
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Note on Field Dependent Values:

Each con guration le parameter such as DLDPs, DYDXs, XOFF, or
YOFF can be followed by a single [ oat] value. In this case, ths unique
value is used for the entire image, independently of positio in the image.
The same parameter can also be followed by a series of 3, 6,(?=2+ m=2)
values in which case these de ne a 2D eld dependent polynonail which
is to be used at a given position (x,y) of the image to actuallycompute
the value of the parameter. A eld dependence of the parametes DLDPs,
DYDXs, XOFF, and YOFF can therefore be taken into account if it has
been previously calibrated and the eld dependence can be ted by an
m®™ order 2D polynomial. The 2D eld dependent polynomials can ke
di erent for every parameter listed in the aXe Con guration File. The 2D
polynomials are by default taken to be with respect to pixel (0,0) but this
behaviour can be changed by setting the parameters REFX and EFY to
the appropriate values. The REFX and REFY values are rst subtracted
from the (x,y) coordinates of a pixel before computing values using the 2D
eld dependent polynomials. The order of the coe cients should always
be given as shown in the following few examples:

n:1 a0

n2a0+al X +a2 Y

n3ad+al X+a2 Y+a3 X2+a4 X Y+a5 Y2

nda0+al X+a2 Y+a3 X2%2+ad4 X Y+a5 Y2+a6 X3+ a7
X2 Y+a8 X Y2+a9 Y3

where X = x REFX)and(Y =y YREF)

Note that the set of DLDP and DYDX parameters are themselves
individual parameters of a set of polynomial equations (desribed above)
which are independent of any eld dependent e ect. Expressng each of
the n coe cients of an n™ order polynomial as an m®" order 2D (x,y)
eld dependent polynomial can seem a little awkward at rst b ut allows
for a maximum amount of exibility when calibrating smoothl y varying
quantities.

Wavelength calibration description for grisms

The wavelength calibration is handled using ann™ order polynomial which, as is
the case for the Trace description, can be eld dependent. Tk eld dependence
format is the same as for the trace description.

DISP_ORDER _# [int] The order of the polynomial of the form  (x;) =
ag+ a; X; +ax x;%+ :: which de nes the wavelength at a distancex;
along the spectral trace.

DLDP # 0 [int] [..] Value of the parameter ag, which can be a eld de-
pendent representation as described for the Trace descrifmn.
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DLDP _# _1 [int] [..] Value of the parameter a;, which can be a eld de-
pendent representation as described for the Trace descrifn.

DLDP # 2 [int] [..] Value of the parameter a,, which can be a eld de-
pendent representation as described for the Trace descrifn.

DLDP _# _n Value of the parameter a,, which can be a eld dependent
representation as described for the Trace description.

Wavelength calibration description for prisms

The wavelength calibration is handled using ann™ order inverse polynomial
which, as is the case for the trace description, can be eld deendent. The eld
dependent format is the same as for the trace description.

DISP_ORDER _# [int] The order of the inverse polynomial of the form
(i) = ar + &=(xi &)+ az=(x; &)’ + i

DLD1P # 0 [int] [..] Value of the parameter ag, which can be a eld
dependent representation as described for the Trace desption.

DLD1P # _1 [int] [..] Value of the parameter a;, which can be a eld
dependent representation as described for the Trace desption.

DLD1P # 2 [int] [..] Value of the parameter a,, which can be a eld
dependent representation as described for the Trace desption.

DLD1P # _n Value of the parameter a,, which can be a eld dependent
representation as described for the trace description.

DLD1P # _PRANGE [int] [int] In the form of the dispersion relation giv en
above, the singularity at x; = ag divides the inverse polynomial into the
two branchesx; ap < 0 andx; ag > 0. The desired solution for the
dispersion relation is on only one branch. The nite pointspread function
and extended sources however require a beam de nition whictextends
from the valid branch over the singularity at x; = ag partly into the second,
invalid branch. To avoid that pixels from the invalid branch enter the PET
and the spectra, this keyword de nes the minimum and maximum values
for x; ap which are allowed in the PET. Thus pixels from the invalid
branch can be excluded.

Sensitivity

The absolute sensitivity calibration is handled by applying a sensitivity curve
to the electron count rates at each wavelength.

SENSITIVITY _# [string] The name of a sensitivity FITS le. If no sen-
sitivity is available this keyword can be set to "None" instead of a real
lename.
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Note on How to set up your own BEAM description:

Choose a pixel on the spectrum as the Reference Pixel in the BEM.
With respect to this pixel the dispersion relation and trace description
will be calibrated. This can be any pixel on the spectrum itsdf as
long as it remains consistent, and the DYDX and DLDP polynomials
are formulated so that they are with both respect to this pixel (i.e. in
a reference frame where the Reference Pixel has coordinaté0)).

Determine the XOFF and YOFF row and column o sets between the
direct object coordinates in the object catalog and your Reérence
Pixel. These quantities can be eld dependent.

Determine the extent of this BEAM in the row direction and wit h
respect to the BEAM Reference Pixel (e.g. -10 100 for a spedcit
order which extends -10 pixels to the left and 100 pixels to tle right
of your reference pixel)

Calibrate the geometrical trace of this order (DYDX polynomial).
This can be a eld dependent relation. The resulting polynomal
should return the Y column pixel o sets from the BEAM Reference
Pixel as a function of X row pixels.

Calibrate the wavelength dispersion of this order (DLDP or DLD1P
polynomial). This can be a eld dependent relation. The resuting
polynomial should return the wavelength of a pixel lying a distance
L, along the trace (as de ned by the DYDX description), from t he
BEAM Reference Pixel.

5.2.2 Example of a Main Con guration le
See Chapter3.3.3
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Chapter 6

aXe Calibration Files

The aXe tasks use several calibration les in addition to the information con-
tained in the Main Con guration File (see Chapt. 5.2.1). This section describes
these les.

6.1 Sensitivity Curve

This le is a FITS binary table containing the three columns W AVELENGTH,

SENSITIVITY, ERROR and listing the total system sensitivit y (in e =s per
ergcm 2 s 1 A 1) as a function of wavelength (in A). The ERROR column
should contain the estimated error in the SENSITIVITY (in e =sper erg cm 2
s Y A 1). Note: this sensitivity curve should be per A and not per pixel.

6.2 Flat eld

This le is a multiple extension FITS le containing a model o f the wavelength
dependence of the at- eld for each pixel. Each extensioni of this le contains
the n™" polynomial coe cient of the relation f (i;j;x ) = ap+a; X+ay x2+::+
a; x", wherex is a normalized value obtained withx = ( min )=( max min )
and is the wavelength of the pixel (i,j). The values for max and pnin are
in the FITS header keywordsWMIN and WMAX . There are no hard limits
on the number of extensions in this le, i.e. on the order of the polynomial
model. The taskpetff is used to read this le, compute and apply the at- eld
coe cient at each pixel contained in a Pixel Extraction Tabl e. This is done
by dividing the pixel value by the computed at- eld coe cient. The stru cture
of this le is shown in gure 6.1 Note that the rst extension of this le [0]
contains the constant term of the polynomial.
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Figure 6.1: The structure of the FITS at- eld calibration le which is used
by aXe to construct, at each pixel coordinate (i,j) a proper at- eld coe cient
FF(i;j;x)=ag+a; x+a, x?+::+a x",wherex is anormalized value
obtained with x = ( min )=( max min ) @and is the wavelength of the
pixel (i,j)



Chapter 7

File Formats

This chapter describes the le formats of the intermediate data products gen-
erated by the aXe tasks. All les used by the aXe tasks are eitler ASCII les,
FITS binary images with multiple extensions, or FITS binary tables containing
multiple extensions. Separate BEAMs are kept by all aXe task in separate
FITS extensions.

7.1 Input Images

The input images must be in FITS format. Any FITS le followin g the FITS

standard with binary image extensions can be used as input tdhe aXe tasks.
A WCS (CD matrix) should be present in the header of the FITS extension to
be read for some of the aXe tasks to work properly gex2gol ).

All CALACS-processed ACS input les are multi extension ts - les with the

science, error and data quality array(s) in various extensbns.

There are two ways to specify a ts extension in an aXe con guration le. One

way is to address the ts extension number. Here aXe followshe convention of
the CFITSIO library, whereby the primary extension (which i s always present)
has number 1, the rst image extension number 2, the second imge number 3
and so on. For an HRC image, the lines

SCIENCE_EXT 2
ERROR_EXT 3
DQ_EXT 4

in an aXe con guration le specify which ts extension to use as science, error
and data quality arrays, respectively. Another way to specfy a ts extension in
aXe is to use the extension names. In case of an HRC image, thimés

SCIENCE_EXT SClI
ERROR_EXT ERR
DQ_EXT DQ
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Figure 7.1: The naming methods to specify WFC ts extensionsin the aXe
con guration les named \WFC.CHIP1.conf" and \WFC.CHIP2. conf"

are equivalent to the ones given before.

An aXe con guration le can target only one science array plus its associated
error and data quality arrays. For WFC images, the data from its two chips
is stored in separate extensions. To fully process WFC imagrin aXe two pro-
cessing runs with two di erent con guration les have to be u ndertaken. With
the ts extension numbers, WFC extensions can be uniquely spci ed using the
scheme given above. In case that extension names are usedd#tbnal informa-
tion must be provided, since there exist e.g. two extensionsvith the extension
name 'SCI'. In the aXe con guration le this additional info rmation is the chip
number, which is speci ed using the keywords 'OPTKEY1' and 'OPTVALL'.
For WFC data, the chip notation de ned by the archive is count erintuitive,
since the data from chip 1 is stored at a higher extension numér than chip 2
(see the ACS Data Handbook at
http://www.stsci.edu/hst/acs/documents/handbooks/Da taHandbookv5/ACS longdhbcover.html).
To specify the data from chip 1, in addition to the extension names, the keywords
'OPTKEY1' and 'OPTVAL1' must be set to 'CCDCHIP' and '1', res pectively.
For chip 2 data the keyword 'OPTVAL1' must be set to '2'. Figur e 7.1 clari-
es the two naming conventions that can be used in the aXe conguration les
named \WFC.CHIP1.conf" and \WFC.CHIP2.conf". The congur ation les
shown in Chapt. 3.3.3also show how the di erent extensions in the WFC must
be addressed.
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7.2 Fluxcube le

The uxcube les are a necessary input to compute a quantitative contami-
nation extimate with the so called uxcube emission model. This model is
extensively described in Chapt.1.7.2 The uxcube les have the le exten-
sion *.FLX.fits  (a typical uxcube name is e.g. j8mt20kiq _flt _2.FLX.fits ,
which is the uxcube for the grism image j8mt20kiq _flt.fits[sci,1] ).

The uxcube les are generated in the task fcubeprep (see Chapts.3.2.4and
4.2) from MultiDrizzled direct images covering the area of the grism images.
Fluxcubes are multiextension ts images. The rstimage extension is a so called
Segmentation image. It shows for each pixel the number of th@bject to which
the pixel belongs in the emission model of the correspondingrism image. All
other extensions are ux images at di erent wavelengths. The wavelength of
every ux image is indicated in the name of the ts extension (e.g. the ts
extensionj8mt20kiq flt _2.FLX.fits|LAMBDA769] is a ux image at 769nm).

In the computation of the quantitative contamination with t he uxcube
emission model, a uxcube le must exist for every grism image extension. All
extensions cover approximately the identical FoV as the caresponding grism
image extension. The keywordsXOFFSnd YOFFSn the primary ts header
mark the o sets between the pixel coordinates in the grism image and in the
uxcube.

7.3 Input Image List

The Input Image List is a exible le format used in the High Le vel Tasks
(axeprep, axecore, drzprep, axedrizzle ) to specify for each grism image
the necessary information for the aXe reduction. The le format is identical for

all High Level Tasks. Once the user has produced an Input Imag List for a

particular data set, it can be used in all High Level Tasks (fa the parameter in-

list). Each row lists a grism image and the additional lenames am information

to reduce the grism image with aXe.

The columns list:

1. grism image name (mandatory)

2. input object list 1, input object list 2, ... (mandatory)
3. direct image (optional)

4. dmag value (optional)

If the grism image has more than one science extension, the put Object List
corresponding to each science extension must be speci ed amma separated
list in the second column. If the Input Object Lists refer to a direct image
instead of the grism image itself, the name of the grism imageshould be listed
in the third row. The fourth row holds the individual dmag val ue for the grism
image (see taskgol2af in Chapt. 4.8). The third and fourth columns are
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optional and can be omitted. A number in the third row will be i nterpreted as
the dmag-value.

The following example shows some rows taken from an Input Imge List for
a WFC data set.

j80qg50nkq_flt.fits j8qg53nkq_1.cat,j8qq53nkq_2.cat j8 gg53nkq_flt.fits 0.2
j8qg51pmg_flt.fits jBqg54pmaq_1.cat,j8qq54pmqg_2.cat j8 gg54pmg_flt.fits 0.15
18gqg52ntqg_flt.fits j8gg55ntq_1.cat,j8gqg55ntq_2.cat |8 gg55ntq_flt.fits -0.4
180qq10ikq_flt.fits j8qql6ikq_1.cat,j8qql6ikg_2.cat |8 gql6ikq_flt.fits 0.0
18qg11juq_flt.fits j8qgl7juq_1.cat,j8qql7juq_2.cat j8 gql7jug_flt.fits 0.05
j80qg11k0q_flt.fits j8qql8k0q_1.cat,j8qql8k0q_2.cat j8 gq18k0g_flt.fits -.5
j8qg12kgq_flt.fits j8qql9kgq_1.cat,j8qqlokgq_2.cat j8 0gg19kgq_flt.fits 0.32

7.4 Input Object List

This le is a simple ASCII le containing tabulated informat ion about objects to
be extracted. It has the same format as a SExtractor 2.x outpu object catalog.
The rst few lines contain the name and description of each ofthe columns in
the tabulated portion of this le.

To extract the spectra, aXe must know the exact location the djects would
have on the grism/prism image if a Iter instead of the grism/ prism would have
been used. The aXe tasksex2gol uses the Input Object List plus further image
information to generate a Grism Object List, which contains all the necessary
grism image coordinates of the objects.

The Input Object List (IOL) and therefore the SExtractor cat alogue they
are built from, must contain the following columns:

NUMBER
X_IMAGE
Y_IMAGE
A_IMAGE
B_IMAGE
THETA_IMAGE
X_WORLD
Y_WORLD
A_WORLD
B_WORLD
THETA_WORLD
MAG_AUTO

In case that the IOL refers directly to the grism/prism image and not to
a direct image taken at a close position (see Chapt3.2.3, the values in the
columns* _WORL&re neglected. They can be replaced by ###, NaN, -NaN, or
+NaN.

To compute a quantitative contamination estimate with the g aussian emis-
sion model presented in Chapt.1.7.2, the wavelength of the magnitude must be
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known. aXe decodes the wavelength given in a column name if is given as:
MAG<wavelength [nm]>*

In this notation ? and * are single and multiple characters, respectively. Valid
magnitude column names instead oMAGUTCare therefore e.g.MAG-906LR
MAGR710JOHBENd MAG763SLOANSeveral magnitude columns with the bright-
ness at various wavelengths improve the emission model andhérefore the con-
tamination estimate.

Any other, additional columns are not taken into account and stripped o
when generating the Grism Object List. The actual order of the columns in the
Input Object List is not important as long as the header of the le properly
describes its content. Blank lines and lines starting with a';' are ignored.

Care should be taken that each object has an independent nundy (NUM-
BER column) assigned to it in an Input Object List. This is the value which
will be used throughout the extraction process to identify a particular object.
If you use several Input Object Lists in your aXe reduction, make sure that an
individual object has the same number in all Input Object List. This is im-
portant for the combination of spectra extracted from di er ent grism les with
axedrizzle

The object numbers must be positive, but do not have to start & a partic-
ular value and do not need to be in consecutive order.

With the task iolprep , aXe oers a tool to generate the set of Input Ob-
ject Lists for standard data sets.This aXe task is describedn Chapt. 4.1. An
example on its use is provided in Chapt.3.2.3

7.5 Grism Object List

This le (GOL) is usually generated by aXe using the task sex2gol . It has
exactly the same format as the Input Object List.

7.6 Aperture File

This Aperture File is an ASCII le describing the APERTURES i n the spectro-
scopic image. An APERTURE consists of all BEAMS of an object. A BEAM is
de ned as the group of pixels in the image which will be extraced and combined
to produce a nal 1-D spectrum. APERTURES are numbered (e.g. APERTURE
101) using the same numbers that originally appeared in the NUMBER col-
umn of the Input Object List. Each APERTURE itself consists o f one or more
BEAMs (labelled A, B, C etc..). Usually, each object is assigned one aperture
in the APER le and each dispersive order is assigned a di erat BEAM entry
inside that aperture de nition. In this manner, assuming th at the rst and sec-
ond orders are labelled A and B respectively, the 2nd order obbject 101 will
be found in APERTURE 101, BEAM B. The aperture le is generate d by the
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task gol2af .
Each BEAM entry in the APER le contains the following inform ation (data
format is indicated in []):

REFPIXEL## the position in the image of a reference pixel [2* oat, X,y]

CORNERS## the coordinates of a quadrangle de ning the region of the
image containing the pixel of interest[8* oat, x1,y1,x2,y2,x3,y3,x4,y4]

CURVE## a polynomial description of the dispersion relatio n of the form

y=P( x)= ag+a x+a x2+ . x"andP( x)are the
pixel o sets as measured from the coordinates listed in REFPXEL##.
The rst number following this keyword is the order of the pol ynomial. It
is followed by (n1) polynomial parameters [int, (n+1)* oat]

WIDTH## the total number of pixels to extract in the cross dis persion
direction [ oat]

ORIENT## the orientation, in degrees counter-clockwise and with re-
spect to the x-axis, along which the extraction should proced [ oat]

AWIDTH## the object width as in column  AIMAGERN the Input Object
List [ oat]

BWIDTH## the object width as in column  B.IMAGEnN the Input Object
List [ oat]

AORIENT## the object angle as in column THETAMAGEDN the Input
Object List [ oat]

FLUX## the wavelength and the ux values of the object taken f rom the
Input Object List [2n float; 1;flux 1; 2;flux ;0 o flux 4]

IGNORE## followed by either O or 1. If set to 1, this BEAM willn ot be
extracted. [int]

The following example shows one APERTURE containing two BEAMS:

APERTURE 2
BEAM A

REFPIXEL2A 27.841 712.643
CORNERS2A 32 714 217 568 208 564 23 710
CURVE2A 1 0.000e+00 -7.893e-01
WIDTH2A 2811
ORIENT2A  28.083
AWIDTH2A  1.385
BWIDTH2A  0.937
AORIENT2A -61.917
FLUX2A 5.55000e+02 4.10993e-20
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IGNORE2A O

BEAM END

BEAM B
REFPIXEL2B 27.841 712.643
CORNERS2B -122 837 -97 817 -106 812 -131 832
CURVE2B 1 0.000e+00 -7.893e-01
WIDTH2B 2.811
ORIENT2B  28.083
AWIDTH2B  1.385
BWIDTH2B  0.937
AORIENT2B -61.917
FLUX2B 5.55000e+02 4.10993e-20
IGNORE2B 1

BEAM END

7.7 Background Estimate File

This le (BEF) is a multiple extension FITS le containing a ¢ opy of the input
slitless data where the regions de ned in an Aperture File hae been replaced by
estimates of the background (see Chap#.9). This le contains one primary data
array in the main extension, named 'SCI', followed by two extensions containing
respectively the error array of the Background Estimate (exension 'ERR’), and
the Data Quality array of the Background Estimate (extension 'DQ') where bad
pixels are agged by a non-zero value.

This le is generated by the backest task.

7.8 Pixel Extraction Table

This le (PET) is a FITS le containing FITS binary table exte nsions. The
primary extension is empty and its header contains informaton from the header
of the original FITS data le from which the PET was generated. Each of these
extensions correspond to a single BEAM (as listed in the Apeure File). Each
extension can be accessed using its name which is "##" (e.g. 1A" for the rst
BEAM of APERTURE 1). Each extension contains the informatio n extracted
using the task af2pet for every pixel contained in the corresponding BEAM.
It is in essence a table listing all the pixels in BEAM and someof the values
computed for each pixel. A description of the geometry invoved can be found
in Chapt. 1.

This le is generated by the af2pet task (see Chapt.4.10.

Each extension contains the following columns :

N, the number of pixels in this BEAM
P_X, the absolute column coordinate of the pixel

P_Y, the absolute row coordinate of the pixel
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X, the relative column coordinate of the pixel with respect to the BEAM
reference pixel (REFPIXEL## in Aperture File)

Y, the relative row coordinate of the pixel with respect to the BEAM
reference pixel (REFPIXEL## in Aperture File)

DIST, the projected distance from the center of the pixel to the section
point on the trace of the spectrum

XS, abscissa of the section point relative to the BEAM referace pixel
(REFPIXEL## in Aperture File)

YS, ordinate of the section point relative to the BEAM reference pixel
(REFPIXEL## in Aperture File)

DXS, width of this pixel along the computed trace

Xl, path length of the section point relative to the BEAM refe rence pixel
(REFPIXEL## in Aperture File) along the trace

LAMBDA, the average wavelength of the light collected by this pixel
DLAMBDA, the wavelength range of the light collected by this pixel
COUNT, the number of electron/s in this pixel

ERROR, the error estimate in electron/s in this pixel

WEIGHT, the extraction weight assigned to this pixel

CONTAM, the contamination ag. Set to 1 if no contamination was
computed (the task petcont was not run) or to the number of BEAMs
in which the pixel is included. CONTAM=1 implies that the pix el is
a member of exactly one BEAM and therefore not contaminated,while
CONTAM=N implies that the pixel is present in N-1 BEAMs, and t hat
contamination may therefore be a problem.

MODEL, the signal (electron/s) in this pixel according to th e quantitative
contamination model.

DQ, the data quality of this pixel.

7.9 The Drizzle Prepare File

This le is a multi-extension FITS le containing the stamp i mages of all rst
order beams in a grism image. For each BEAM there are up to ve &tensions
in the DPP- le:

the data stamp image with the extension name \BEAM _[aperture][beam]"
(e.g. \BEAM _117A")
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the error stamp image with the extension name \ERR [aperture][beam]"
(e.g. \ERR_117A")

the contamination stamp image with the extension name \CONT _[aperture][beam]
(e.g. \CONT _117A")

the grism model stamp image with the extension name \MOD [aperture][beam]"
(e.g. \MOD _117A")

the variance stamp image with the extension name \VAR [aperture][beam]"
(e.g. \VAR _117A")

The Drizzle Prepare File is created by the taskdrzprep . In the task axedrizzle
the science, error and contamination images are extractedral drizzled to build
for each object the various extensions of a 2D drizzled grisnmage.

Note on the computation of exposure time weights:
In the 2D drizzled grism images each pixel can have an individal ex-
posure time. Since bad pixels and cosmic ray aected pixels r@ ne-
glected in the drizzle process, the exposure time can vary by large fac-
tor from pixel to pixel. In addition to these statistical e e cts, small (e.g.
DRZKRNEL = square and DRZPFRAC < 0:5) drizzle kernels and the
incomplete coverage of object beams on individual grism imges contribute
in a systematic way to large di erences in the exposure timesof pixels
within a 2D drizzled grism image.
In the nal extraction of 1D spectra from the 2D drizzled gris m images we
take pixel exposure times and therefore signal-to-noise t@s are taken into
account with the use of pixel weights. The taskdrz2pet (implicitly called
in axedrizzle ) computes the pixel weights from the exposure time extent
sion in the 2D drizzled grism images. Given the pixelsp;;i = 1::N with
exposure timesexp;, which are co-added to the same wavelength element
in the 1D extraction, the weights w; are:
exp;

Wi = N
iz1 exXpi=N

Within each wavelength element the pixel weights are therefre proportional
to their relative pixel exposure time. The pixel weights desribed here are
NOT further processed, and are written to the values stored n the column
WEIGH®f the Extracted Spectra File. This column recordes the numler of
pixels binned together for a wavelength bin (see pag87).

The exposure time weights aretaken into account when produag optimal

extracted spectra from the drizzled grism images.

The pixel weights are stored in the image extensioWWHDf the 2D drizzled
grism images. Pixels outside of the extraction area get the wight w; =

100Q0. During the 1D extraction, weights with w; > 10:0 are printed to
the screen. Usually this indicates a problem in the data redation.
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7.10 The 2D Drizzled Grism Image

The 2D drizzled grism images are multi-extension FITS les aeated in the task
axedrizzle . There exists one 2D drizzled grism image for every object irthe
Input Object Lists used to start the aXe reduction. Its name is \[DRZROOT-
keyword]_ext_ID[object number]. ts" (e.g. testaXe _ext_ID105. ts) and re ects
the object number used in the Input Object Lists. A 2D drizzled grism image
created in axedrizzle has the extensions:

SCI: the science image drizzled from the science extensiow$ the partic-
ular object in all DPP les

ERR: the error image drizzled from the error extensions of tlke particular
object in all DPP les

EXPT: the exposure time map for the science extension

CON: the contamination image drizzled from the contamination exten-
sions of the particular object in all DPP les

MOD: the grism model drizzled from the model extensions of tle partic-
ular object in all DPP les

VAR: the variance image drizzled from the variance extensios of the
particular object in all DPP les

WHT: the weight image for the science extension

The weight extension is derived from the exposure time map irthe task drz2pet
(see Chapt. 4.15 on how the weights are computed). Inaxedrizzle the task
drz2pet is used to generates a PET from the set of 2D grism images and to
extract 1D spectra for those drizzle-coadded PET.

7.11 Extracted Spectra File

This le (SPC) is a FITS le containing FITS binary table exte nsions. The
primary extension is empty and its header contains informaton from the header
of the original FITS data le from which the SPC was generated. Each of
these extensions correspond to a single BEAM (as listed in th Aperture File).
Each extension can be accessed using its name which is "BEAM#" (e.g.
"BEAM _1A" for the rst BEAM of APERTURE 1).

This le is generated by the pet2spc task.

Each extension contains an extracted, binned, spectrum asrmpduce by the task
pet2spc. Each extension contains the following columns :

N, the number of rows in this spectrum

LAMBDA, wavelength in A.
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TCOUNT, total number of counts in e s 1 in this wavelength bin.

TERROR, error in the total number of counts in e s ! in this wavelength
bin.

COUNT, background subtracted number of counts in e s ! in this wave-
length bin.

ERROR, error in the background subtracted number of countsne s ! in
this wavelength bin.

BCOUNT, estimate of the number of counts in electron/s contributed
from the background in this wavelength bin.

BERROR, error in the estimate of the number of counts in e s con-
tributed from the background in this wavelength bin.

FLUX, background subtracted uxinergcm ?s * A !inthis wavelength
bin.

FERROR, error in the background subtracted ux inergcm ?s 1 A !
in this wavelength bin.

WEIGHT, number of pixels binned together into this wavelength bin.

CONTAM, for quantitative contamination (see Chapt. 1.7.2) this column
gives an estimate on the contaminating ux from other objects to the
spectrum. For geometrical contamination the values are seto -1,0,1..n
to give the number of source this bin is contaminated with. The value 0
means no contamination, if the contamination was not recoveed, every
bin has the value -1.

DQ, the propagated data quality at this wavelength. This is computed by
simply summing all the individual DQ values from the pixels contributing
to this wavelength.

7.12 Stamp Image File

This le (STP) is a multi-extension FITS le containing stam p images of the
BEAMSs that were extracted. The primary extension of this le is empty. Each
following extension contains the image of a single extracie BEAM. Extensions
are named "BEAM [aperture][beam]" (e.g. BEAM_1A).

This le is generated by the stamp task.

7.13 Weight Image File

The weight image le is produced in the optimal weighted extraction of spec-
tra from individual grism images. Its le name extension is * _opt. WHT .fits ,
corresponding to the* opt.SPC.fits of the optimal extracted spectra le.
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The weightimage le is a multi extension ts le which contai nsimages of the
weights applied to the PET pixels during the optimal weighted extraction. The
weights are computed acording Egnl.1in Chapt. 1.9. The weight images have
trace length and trace distance as x- and y-axes, respectil)e The extensions
are named "WHT _[aperture][beam]" (e.g. WHT_1A).

7.14 Contamination File

This le (CONT) is a simple FITS image containing the contami nation estimate
computed by the petcont task.

If quantitative contamination (see Chapt. 1.7.2) was deployed, the contami-
nation image containes the sum of all modelled beams. It is tarefore a complete,
quantitative model of the corresponding grism/prism image

In geometrical contamination, pixels which are not within any known beams
are assigned a value of 0. Pixels which are within a single bea (i.e. not
contaminated by higher spectral orders and/or other objecs in the eld) are
assigned a value of 1. Pixels contaminated by n beams are give value of n+1.



Appendix A

Virtual slits

The slit length sl, the slit width swand the orientation so of the virtual slit op-
timized to maintain the spectral resolution in slitless spectroscopy is computed
from the major axis sizea_img, the minor axis sizeb_img and the major axis an-
gle theta _img for each object (the three quantities are given in the SExtractor
catalogue columnsA.IMAGEB_IMAGEand THETAMAGIE

Without loss of generality we assume that the dispersion diection is parallel
to the x-axis, which means the angle between the dispersionigkction and the
major axis angle (de ned with respect to the x-axis) is theta _img. It is then:

A = (cos(theta_img)=a.img)? + (sin ( theta_img)=h.img)? (A1)
Al2 = cos(theta_.img) sin(theta_img) (1:0=a.img?® 1:0=himg?) (A.2)
Az = (sin( theta_img)=a.img)? + (cos (theta_img)=h.img)? (A.3)
= arctan( A12=A11) (A.4)

sl = P All alimg bimg=cos() (A.5)
sw = 1 :o:p All (A.6)
so = +90:0 (A.7)

99
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