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Chapter 1

Introduction

1.1 Purpose

The SPHERE pipeline is a subsystem of the VLT Data Flow System (DFS).It is used in two
operational environments, for the ESO Data Flow Operations(DFO), and for the Paranal Science
Operations (PSO), in the quick-lookassessment of data, in the generation of master calibration
data, in thereduction of scientific exposures, and in the data quality control.Additionally, the
SPHERE pipeline recipes are made public to the user community, to allow a more personalised
processing of the data from the instrument.

The purpose of this document is to describe a typical SPHERE data reductionsequence with the
SPHERE pipeline.This manual is a complete description of the data reduction recipes offeredby
the SPHERE pipeline, reflecting the status of the SPHERE pipeline asof 29th July 2016 (version
0.19.0).

1.2 Scope of this document

This document describes the data reduction library for the Sphere instrumenton VLT.It is part of
the deliverables.

The main purpose of this document is to present and explain the data reductionsoftware (in form
of a library) for SPHERE in general and IFS, IRDIS andZIMPOL in particular.The structure
and content of this document follows the guidelines set outin the ESO document “Data Flow for
VLT /VLTI Instruments Deliverables Specifications”(VLT-SPE-ESO-19000-1618).

The document presented here follows the layout presented in section 4.5.1of the “Data Flow for
VLT /VLTI Instruments Deliverables Specifications’closely with the exception of an added intro-
duction (chapter 1 in thisdocument) and an overview (chapter 2).

The present document describes the design of the data reduction software,including detailed de-
scriptions of algorithms and functions and explainshow to reduce SPHERE data with it.Since
this is part of an ongoing development process in close contact withmanufacture, testing and
verification of the SPHERE hardware and instrumentdesign this document describes only a cur-
rent status and it is unavoidablethat there are several details regarding the software design and
implementationthat can only be considered preliminary.

The instrument and detector calibrations as discussed here assume that thehardware requirements
for the various sub-systems and specified in thecorresponding documents are met and that there
are no unforeseen instrumentsignatures.
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1.7 Acronyms
Acronym Meaning Mathematical
representation
ANSI-C The standardized programming language C
API Advanced Programming Interface
CCD Charge Coupled Device
CFITSIO A library for accessing FITS files in C
CPL Common Pipeline Library
CVS Concurrent Version System
DBI Double Imaging Mode
DC Dark current DC(z,y)
DF Detector flat field — the pixel response to an input DF(z,y)
signal.
DIT Detector Integration Time
DRH Data Reduction Handling
DPI Double Polarization Imaging
DPR Data Product
ESO European Southern Observatory
FDR Final Design Review
FoV Field of View
FPN Fixed Pattern Noise FPN(z,y)
GSL Gnu Scientific Library
HDU Hierarchical Detector Unit
HST Hubble Space Telescope
HWP Half-wave plate
IF Instrument flat field — the lenslet response to an IF(z,y; Az, Ay, \)
input signal
IFS The SPHERE integral field spectrograph
instrument
IFU Integral Field Unit.
IRDIS Sphere imaging instrument
LRS Low Resolution Spectroscopy
LDT Lenslet Description Table
MRS Medium Resolution Spectroscopy
PAE Preliminary Acceptance Europe
PDR Preliminary Design Review
PDT Pixel Description Table
PRO Product (FITS keywords)
PSF Point Spread Function
QC Quality Control
RON Read out noise RON
SVN “Subversion”- a revision control management system
TBC To be confirmed
TBD To be decided
TF Telescope flat field — the flat field response of the TF(z,y; Az, Ay, \)
telescope
VLT Very Large Telescope
ZPL Zurich Imaging POLarimeter
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Chapter 2

Overview

In collaboration with instrument consortia, the Data Flow Systems Department(DFS) of the
Data Management and Operation Division is implementing datareduction pipelines for the most
commonly used VLT /VLTI instrument modes.These data reduction pipelines have the following
three main purposes:

e Data quality control: pipelines are used to produce the quantitative informationnecessary
to monitor instrument performance.

e Master calibration product creation: pipelines are used to produce mastercalibration prod-
ucts (e.g.combined dark frames, super-flats, wavelength dispersion solutions).

e Science product creation: using pipeline-generated master calibration products,science prod-
ucts are produced for the supported instrument modes.

The accuracy of the science products is limited by the quality of the availablemaster calibration
products and by the algorithmic implementation of thepipelines themselves.In particular, adopted
automatic reduction strategies may not be suitableor optimal for all scientific goals.

Instrument pipelines consist of a set of data processing modules that canbe called from the com-
mand line, from the automatic data management toolsavailable on Paranal or from Gasgano.ESO
offers two front-end applications for launching pipeline recipes, Gasgano[14] and EsoRex, both
included in the pipeline distribution.These applications can also be downloaded separately from
http://www.eso.org/gasgano and http://www.eso.org/cpl/esorex.html.An illustrated introduction
to Gasgano is provided in the "Quick Start"Section 3.1of this manual.Workflows for individual
data reduction cascades and detailed descriptionsof each recipe’s inputs, outputs, parameters and
operations can be foundin Sections 3.2, 3.3, and 3.4.

The SPHERE instrument and the different types of SPHERE raw frames and auxiliarydata are
described in Chapter 4.

A detailed mathematical description of operations carried out inside recipesis given in Chapter 5.

In Chapter 6the installation of the SPHERE pipeline recipes is described together witha few
solutions to frequent problems.

2.1 The SPHERE Instrument: IFS, IRDIS and ZIMPOL

In addition to this document, there is the SPHERE user manual [RD10] whichgives a brief indtro-
duction to the instrument, as well as a general descriptionof the available observing instruments



S P RE Title: SPHERE Data Reduction Pipeline Manual
s REF: VLT-TRE-SPH-14690-660/1/0

Spectro-Polarimetric
High-contrast
Exoplanet REsearch Date: 2021-05-24 Page: 11/220

Issue: 1 Version 42

and modes, and details about settingup actual observations.
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Chapter 3

Pipeline Guide

This section describes the most immediate usage of the SPHERE pipeline recipes.If you are un-
familiar with ESO pipelines and the plugins called recipes,you can find a basic description of how
to operate thse things in 3.1.An example workflow for a data set supposedly taken in an IRDIS

observing sequence is described in 3.1.4.More detailed information on the workflow for each in-
strument and individualrecipes can be found in ...

3.1 Quick Start

3.1.1 An introduction to Gasgano and EsoRex

Before being able to call pipeline recipes on a set of data, the data mustbe opportunely classified,
and associated with the appropriate calibrations. The Data Classification consists of tasks such
as: "What kind of data amI?", e.g., DARK, "to which group do I belong?", e.g., to a particular
ObservationBlock or template.Data Association is the process of selecting appropriate calibration
datafor the reduction of a set of raw science frames.Typically, a set of frames can be associated if
they share a number ofproperties, such as instrument and detector configuration.As all the required
information is stored in the FITS headers, data associationis based on a set of keywords (called
"association keywords") and is specificto each type of calibration.The process of data classification
and association is known as data organisation.The DO Category is the label assigned to a data
type as a result of dataclassification.An instrument pipeline consists of a set of data processing
modules thatcan be called from different host applications, either from the commandline with
Esorex, from the automatic data management tools available atParanal, or from the graphical
Gasgano tool.Gasgano is a data management tool that simplifies the data organisationprocess,
offering automatic data classification and making the data associationeasier (even if automatic
association of frames is not yet provided).

Gasgano determines the classification of a file by applying an instrumentspecific rule, while users
must provide this information to the recipeswhen they are executed manually using Esorex from
the command line.In addition, Gasgano allows the user to execute directly the pipeline recipeson
a set of selected files.

3.1.2 Using Gasgano

To get familiar with the SPHERE pipeline recipes and their usage, it isadvisable to begin with
Gasgano, because it provides a complete graphicinterface for data browsing, classification and asso-
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Figure 3.1: The Gasgano main window

ciation, and offersseveral other utilities such as easy access to recipes documentation andpreferred
data display tools.Gasgano can be started from the Command Line Interface in the followingway:
gasgano & Figure 4.2.1 shows the Gasgano main window.

With the pull-down-menu File->Add/Remove Files directories containing SPHEREdata can be
added.The data are hierarchically organised as preferred by the user.After each file name are shown
the classification, the template id, theoriginal file name, the template exposure number and the
number of exposuresin the template.More information about a single frame can be obtained by
clicking on itsname: the corresponding FITS file header will be displayed on the bottompanel,
where specific keywords can be opportunely filtered and searched.Images and tables may be easily
displayed using the viewers specified inthe appropriate Preferences fields.

Frames can be selected from the main window with a <CTRL>-left-click forprocessing by the
appropriate recipe: on Figure 4.2 a set of calibrationFITS-files have been selected and after se-
lecting the appropriate recipe,the depicted Gasgano recipe execution window will open, having all
thespecified files listed in its Input Frames panel.Help about the recipe may be obtained from the
Help menu.Before launching the recipe, its parameters may be modified on the Parameterspanel
(on top).The window contents might be saved for later use by selecting the SaveCurrent Settings
entry from the File menu, as shown in figure.At this point the recipe can be launched by pressing
the Execute button.Messages from the running recipe will appear on the Log Messages panelat
bottom, and in case of successful completion the products will be listedon the Output Frames
panel, where they can be easily viewed and locatedback on the Gasgano main window.Please refer
to the Gasgano User’s Manual [RD9] for a more complete descriptionof the Gasgano interface.

3.1.3 Using EsoRex

EsoRex is a command line utility for running pipeline recipes.It may be embedded by users into
data reduction scripts for the automationof processing tasks.On the other side, EsoRex doesn’t
offer all the facilities available withGasgano, and the user must classify and associate the data
using the information contained in the FITS header keywords (see Section 6).The user should also
take care of defining the input set-of-frames andthe appropriate configuration parameters for each
recipe run: The set-of-frames: Each pipeline recipe is run on a set of input FITS data files. When
using EsoRex the file names must be listed together with their DOcategory in an ASCII file, the
set-of-frames (SOF), that is required whenlaunching a recipe.Here is an example of SOF, valid for
the sph_ird instrument flat recipe:
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Figure 3.2: The Gasgano recipe execution window

/data/calib /master dark. fits IRD MASTER DARK

/data/2011—-03—27/raw_flat bright DIT 0.fits IRD FLAT FIELD RAW
/data/2011—-03—27/raw_flat _bright DIT 1.fits IRD FLAT FIELD RAW
/data/2011—-03—27/raw_flat _bright DIT 2. fits IRD FLAT FIELD RAW

Note that the SPHERE pipeline recipes do not verify the correctness of theDO category specified
by the user in the SOF.The reason of this lack of control is that SPHERE recipes are just onecom-
ponent of the complete pipeline running on Paranal, where the task ofdata classification and
association is carried out by separate applications.Using Gasgano as an interface to the pipeline
recipes will however ensurea correct classification of all the data frames, assigning the appropri-
ateDO category to each one of them (see section 4.2.1).A recipe handling an incorrect SOF may
stop or display unclear error messagesat best.In the worst cases, the recipe would apparently run
without any problem,producing results that may look reasonable, but are actually flawed.

EsoRex syntax:

The basic syntax to use ESOREX is the following:

esorex [esorex options]| recipe name [recipe options| set of frames

To get more information on how to customise ESOREX (see also [13]) runthe command:

esorex —help

To generate a configuration file esorex.rc in the directory SHOME/ .esorexrun the command:

esorex —create—config

A list of all available recipes, each with a one-line description, canbe obtained using the command:
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esorex —recipes

All recipe parameters (aliases) and their default values can be displayedby the command

esorex ——params recipe_name

To get a brief description of each parameter meaning execute the command:

esorex —help recipe name

To get more details about the given recipe give the command at the shellprompt:

esorex —ian—page recipe name

3.1.3.1 Recipe configuration:

Each pipeline recipe may be assigned an EsoRex configuration file, containingthe default values
of the parameters related to that recipe.The configuration files are normally generated in the
directory $HOME/ .esorex,and have the same name as the recipe to which they are related, with
thefile name extension .rc.For instance, the recipe sph_ifs master dark has its EsoRex generated
configuration file named sph_ifs master dark.rc, and is generated with the command:

esorex —create—config sph ifs master dark

The definition of one parameter of a recipe may look like this:

# --ifs.master_dark.clean_mean.reject_high
# Reject high.
ifs.master dark.clean mean.reject high=2

In this example, the parameter ifs.master dark.clean mean.reject high (controllingthe number
of outliers at the high end to discard when combining frames)is set to the value 2.In the config-
uration file generated by EsoRex, one or more comment linesare added containing information
about the possible values of the parameter,and an alias that could be used as a command line
option.The recipes provided by the SPHERE pipeline are designed to be usable ina cascade of data
reduction steps, each controlled by its own parameters.For this reason and to prevent parameter
name clashes we specify as parameterprefix not only the instrument name but also the name of the
step theyrefer to.Shorter parameter aliases are made available for use on the command line.The
command

esorex —create—config recipe name

generates a default configuration file recipe _name.rc in the directory SHOME/.esorex.A recipe
configuration file different from the default one can be specifiedon the command line:

esorex —recipe—config=my alternative recipe config

Recipe parameters are provided in Section 9.More than one configuration file may be maintained for
the same recipebut, in order to be used, a configuration file not located under SHOME/.esorex,or

having a name different from the recipe name, should be explicitly specifiedwhen launching a
recipe.

3.1.3.2 Recipe execution:

A recipe can be run by specifying its name to EsoRex, together with thename of a set-of frames.For
instance, the following command line would be used to run the recipesph ifs master dark for
processing the files specified in the set-of-framessph ifs master dark.sof:



S P RE Title: SPHERE Data Reduction Pipeline Manual
1 % REF: VLT-TRE-SPH-14690-660/1/0

Spectro-Polarimetric
High-contrast
Exoplanet REsearch Date: 2021-05-24 Page: 16/220

Issue: 1 Version 42

esorex sph ifs master dark sph ifs master dark.sof

The recipe parameters can be modified either by editing directly the usedconfiguration file, or by
specifying new parameter values on the commandline using the command line options defined for
this purpose.Such command line options should be inserted after the recipe name andbefore the
SOF name, and they will supersede the system defaults and/orthe configuration file settings.For
instance, to set the sph_ifs master dark reject high parameter to 4the following should be
typed:

esorex sph ifs master dark —ifs.master dark.clean mean.reject high=4
sph _ifs master dark.sof

For more information on EsoRex, see [13].

3.1.4 Example IRDIS Reduction
3.1.4.1 Data set

The data set used in this example is the one used to generate the test sequencelRDIS-01 in RD11.1t
can be obtained from http://www.mpia.de/SPHERE /sphere-web /IRDIS-01.tar.gz. This countains
the raw data files used in the test described in RD11 andoutlined below.There is no subdirectory
structure in the tar file, so it is best to createa suitable subdirectory from your working directory
and unpack the tarfile in there.the following examples will assume that this directiry is named
“Raw”.

3.1.4.2 Creation of the master dark

To create the master dark, the recipe sph ird master dark must be run.In the
IRDIS EXAMPLE DATA directory create a file called e.g.“master dark.sof”which should look
like this:

Raw/SPHERE IRDIFS DARK IRDIS210 0001. fits IRD DARK RAW
Raw/SPHERE IRDIFS DARK IRDIS210 0002. fits IRD DARK RAW
Now run

esorex sph ird master dark \

—ird . master dark.clean mean.reject low=0 \
—ird . master dark.clean mean.reject high=0 \
master dark.sof

to execute the recipe.By the way: A call with

esorex —man—page sph ird master dark

provides you with a help page.

The recipe will run for a less than a minute.It will then output (your mileage may vary):

[ INFO | esorex: Created product master dark.fits (in place)

[ INFO | esorex: Created product static_ badpixels.fits (in place)
| INFO | esorex: 2 products created

[ INFO | esorex: Recipe operation(s) took

43 seconds to complete.

[ INFO | esorex: Total size of 3 raw input frames =  729.95 MB

[ INFO | esorex: => processing rate of 16.96 MB/sec
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The first of these is the master dark, the second the bad pixels in a separatefile.View it with your
favourite FITS viewer and compare with the input filesto verify that it is indeed the mean of the
inputs.Notice that the master _dark.fits file has 3 additional extensions — lookat all of them using
e.g.ds9 by calling (1 stands for the first extension):

ds9 sph_ird master dark.fits [1]

Later in this manual you can find a description of the recipe in detailand what is stored in the
other extensions.

3.1.4.3 Creating the master flat

Similarly to the creation of the master dark, now create a file called master flat.sof with the
content:

Raw/SPHERE_IRDIFS FLAT IRDIS210 0004. fits IRD_FLAT FIELD RAW
Raw/SPHERE_IRDIFS FLAT IRDIS210 0005. fits IRD_FLAT FIELD RAW
Raw/SPHERE_IRDIFS_FLAT IRDIS210_0006. fits IRD_FLAT FIELD RAW
Raw/SPHERE_IRDIFS FLAT IRDIS210 0007. fits IRD_FLAT FIELD RAW
Raw/SPHERE_IRDIFS FLAT IRDIS210 0008. fits IRD_FLAT FIELD RAW

Run the recipe using

esorex sph ird instrument flat master flat.sof

Again note the the resuling file, irdis _flat.fits has in total 4 data units/extensions.
You shoul also experiment with using different parameters.For example, rerun the recipe with

esorex sph ird instrument flat \
—ird .instrument flat.threshold=0.9 \
master flat.sof

look at the output irdis_flat.fits and the first (bad pixel) extension irdis flat.fits[1] to see the
difference.

You may also add a line to the .sof file like

master dark.fits IRD MASTER DARK

to learn about the influcence of supplying a pre-determined dark.

3.1.4.4 Distortion Map

To correct for the instruments dostortion, a specific map is generated fromdedicated calibration
data.The corresponding recipe is called “sph_ird _distortion map”, and a good “distort.sof”would
look like:

Raw/SPHERE _IRDIS072_0004. fits

IRD DISTORTION MAP RAW

master dark. fits IRD_MASTER_DARK
irdis_flat. fits IRD_ FLAT FIELD

In the test, the call for the recipe was

esorex sph_ird distortion map \
—ird . distortion map.threshold=2.0 \
distort .sof
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You can experiment with the threshold parameter to learn why it is important.Like all other recipes
that involve CPL functions that do thresholdingand peak finding, this one is quite sensitive to the
threshold providedand a look at the data may be required before calling the recipe.

Note that since no reference grid is supplied, the recipe assumes that thedata provided isthe ref-
erence and generates a reference point table.This is done on the left quadrant.On the right quad-
rant, which contains of course the identical grid of points,distortion is subsequently measured.You
should thus see very small values in the extensions 8 and 12 of theresulting file distortion map.fits,
denoting the distortion in x and y ateach pixel.

3.1.4.5 Star center table creation

Now before actually doing the science reduction it is currently necessaryto run a prototype version
of the sph_ird star center recipe.This recipe is responsible to create a table of field centers, which
arecrucial for any science reduction with IRDIS.To create this table, first create star center.sof
as

Raw/SPHERE IRDIFS_OBJECT _IRDIS210_0034. fits IRD_STAR_CENTER._WAFFLE_RAW
waffle_lowmaskIRD STATIC_BADPIXELMAP. fits IRD_STATIC_WAFFLEMAP

master dark. fits IRD_MASTER DARK
irdis_flat . fits IRD_FLAT_FIELD

and then run

esorex sph ird star center \
—ird .star center.sigma=1000 \
—ird .star center.coll alg=1 \
—ird.star center.nsources=4 \
star center.sof

which will create a product called star center.fits that contains a fitstable carrying the center
coordinates found, a time stamp, and the DMS(Detector Motion Staqge) position during the
exposure.Not that as again peak finding and thresholding is involved, the correspondingparameters
passed to the recipe are quite sensitive, and experimentingis always welcome!

Note also that the wafle lowmaskIRD STATIC BADPIXELMAP fits file is not actually raw
data,but simply a mask provided along with the pipeline! You are free to adapt thismask to
improve results...

3.1.4.6 Reducing the science data

As the last step the science data is reduced.There are several different recipes available for IRDIS
for this step,depending on tne mode and the desired algorithm.The standard recipe is the DBI
recipe, sph_ird science dbi.To run this, create a new science dbi.sof file which has to be iden-
ticalto the star center.sof except for the raw file tag names:

Raw/SPHERE IRDIFS OBJECT IRDIS210 0038. fits IRD SCIENCE DBI RAW
Raw/SPHERE_IRDIFS_OBJECT IRDIS210_0039. fits IRD_SCIENCE_DBI_RAW
Raw/SPHERE_IRDIFS_OBJECT IRDIS210_0040. fits IRD SCIENCE DBI_RAW
Raw/SPHERE_IRDIFS_OBJECT IRDIS210 0041. fits IRD_SCIENCE_DBI_RAW
Raw/SPHERE_IRDIFS_OBJECT IRDIS210_0042. fits IRD_SCIENCE_DBI_RAW
Raw/SPHERE_IRDIFS_OBJECT IRDIS210_0043. fits IRD SCIENCE DBI_RAW
Raw/SPHERE_IRDIFS_OBJECT IRDIS210 0044. fits IRD_SCIENCE_DBI_RAW
Raw/SPHERE_IRDIFS_OBJECT IRDIS210_0045. fits IRD_SCIENCE DBI_RAW
Raw/SPHERE_IRDIFS_OBJECT IRDIS210_0046. fits IRD_SCIENCE_DBI_RAW

Raw/SPHERE_IRDIFS_OBJECT IRDIS210 0047. fits IRD_SCIENCE_DBI_RAW
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Raw/SPHERE_IRDIFS_OBJECT _IRDIS210_0048. fits IRD_SCIENCE_DBI_RAW
Raw/SPHERE IRDIFS OBJECT IRDIS210 0049. fits IRD SCIENCE DBI RAW
Raw/SPHERE IRDIFS OBJECT IRDIS210 0050. fits IRD SCIENCE DBI RAW
Raw/SPHERE_IRDIFS_OBJECT _IRDIS210_0051. fits IRD_SCIENCE_DBI_RAW
Raw/SPHERE IRDIFS OBJECT IRDIS210 0052. fits IRD SCIENCE DBI RAW
Raw/SPHERE IRDIFS OBJECT IRDIS210 0053. fits IRD SCIENCE DBI RAW
master dark. fits IRD MASTER DARK
irdis_flat . fits IRD_FLAT_FIELD
distortion_map. fits IRD_DISTORTION_ _MAP
star center. fits IRD_STAR CENTER

Note that here not all the science frames in the science science directoryare included.This is
simply to make sure you dont have to wait for several hours forall the data to be reduced!

esorex sph ird science dbi science dbi.sof

and the recipe writes as main product a file called science dbi.fits.Congratulations, youre first
IRDIS science reductaion has been achieved.Now you can play around with the pipeline to extend
your experience andlearn about the options you have.The quality of the test data provided is not
outstanding, but you can e.g.try to add the option “~ird.science dbi.use sdi=TRUE"to the esorex
command line (afterthe recipe name, as usual!) to get a spectral difference image betweenthe two
channels...

3.2 IRDIS

IRDIS offers the following basic observing modes:

e Dual-Band Imaging (DBI)

e Classical Imaging (CI)

e Long-Slit Spectroscopy (LSS)
e Dual-Band Polarimetry (DPI)

The calibration cascade consists of a number of basic calibrations whichapply to all modes.The
recipes for these basic calibrations are presented in .Mode specific calibration recipes are pre-
sented in the subsequent subsections.Each recipe description lists the recipe inputs, both raw
frames and calibration products.Also given is a description of the recipe’s parameters, and of the
outputproduct.From these descriptions it should be possible to construct a workflow.A summary
is additionally given in .

3.2.1 Basic IRDIS Calibrations
3.2.1.1 sph_ird gain

3.2.1.1.1 Purpose:
Measure the detector gain

3.2.1.1.2 Input frames:

Data Type (TAG) Source Optional | Min Max
IRD GAIN_ RAW Raw data No 4 Any
IRD_ STATIC__ BADPIXELMAP Calibration Yes 0 1
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3.2.1.1.3 Raw frame keywords used:
none

3.2.1.1.4 Parameters:

Name Type Description Default Allowed

vals.

ird.gain.outfilename string The output filename for the product. ird_ gain_ map.fits -
Please also see the esorex documentation

for naming of output products.

ird.gain.save  addprod bool Controls if additional products, in this 0 -
case a badpixel map and the
nonlinearity map should be saved. Note
that these will only be created in the
first place if The vacca method is not
used (see below) AND the fitting order

is greater than 1

ird.gain.nonlin_ string The output filename for the ird_ nonlin__ -
filename non-linearity map. Please also see the map.fits

esorex documentation

ird.gain.nonlin _ string The output filename for the non linear ird_ nonlin__ -
bpixname bad pixel map. Please also see the bpix.fits
esorex documentation for naming of

output products.

ird.gain.coll _ alg int The collapse algorithm to use. 0 = 2 0,1,2
Mean, 1 = Median, 2 = Clean mean.

ird.gain.clean _ int The clean mean reject pixels on high 0 0-20

mean.reject _ high end.

ird.gain.clean int The clean mean reject pixels on low end. 0 0-20

mean.reject _ low

ird.gain.order int The fitting order to use, can be 1 (for 2 1-2

linear only) or 2 ( for lin+quadratic).

ird.gain.lin_ tolerance double The allowed maximum absolute value of 100.0 -
the second order of the polynomial fit.
Any pixels that have an absolute value
for the second order polynomial
coefficient above this value are
considered non-linear and marked as

bad in the non-linearity map

ird.gain.preproc bool If set to TRUE, the raw frames are first 1 -
processed to remove any offset trends

within data cubes

ird.gain.vacca bool Choose the special noise calculation by 0 -

Vacca et al. (2004) that takes the

number of fowler samples into account.

3.2.1.1.5 Description:

The gain recipe calculates the gain for the detector and derives a mask of nonlinear pixels.
The input is assumed to be a series of data cubes, each containg a single extension with N >
3 planes that each contain a single exposure. The mean count for each input cube should be
different either by increasing the intensity of the illumination source or by using different exposure
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times. Note that in the latter case the recipe only produces the correct output if the detector
gain is independent of the read out mode. The gain recipe, as well as the ron recipe, have a
special optional preprocessing step, which corrects some possible bias due to readout electronics
settings by first subtracting the median of each input cube from each image in the cube. The
gain recipe offers algorithms to calculate the gain, one straightforward fitting algorithm and a
more complex fitting algorithm that takes the correct number of fowler samples into account. The
second algorithm is switched on using the vacca user parameter and is preferable for accurate
gain determinations but can currently not be used to calcuate the detector non-linearity. It is
therefore recommended to set the user parameter vacca to 1 when an accurate gain measurement
is needed but not non-linearity measurement is needed and 0 in all other cases. In particular for
pure monitoring purposes to discover trends in the gain the simpler algorithm is sufficient. For
both algorithms the general procedure is similar: The recipes calculates the gain by first collapsing
all input cubes to create a single mean image and variance image. The collapse algorithm specified
(clean mean by default) and algorithm parameters are used for this process. Once a mean and
variance image has been determined the median of the mean image and the corresponding variance
is taken as one data point. The collection of input cubes then lead to a collection of data points
of median and variance, giving measurements of the variance vs. median relation for the detector.
This is then fitted using a polynomial of the specified order (usually 1 or 2). The slope of this
curve is the inverse of the gain while the offset gives an estimate of the read out noise. Note
that the read out noise estimate obtained here may not be accurate. Please use the dedicated ron
recipe to obtain a more accurate estimate of the RON. The estimates of gain and ron are written
as keywords in the main recipe product FITS file. If the vacca parameter is set, the recipe corrects
the fitting coefficients for the different noise properties expected for different fowler samples. For
example, for double correlated reads this corrects the ron by a factor of 2. If the vacca parameter
is not set. The recipe determines non linear pixels in a second step. This is done by performing
the gain fitting procedure above for each individual pixel. The resulting map of the gain is the
data in the first extension of the main product FITS file. Note that the pixel-by-pixel gain values
are often very noisy and can not be used to obtain precise gain measurements. Many exposures
per input cube are needed to perform accurate pixel fitting. If the fitorder specified is larger than
1, the second order (quadratic) coefficient of the individual pixel fits is saved in an additional FITS
file. All pixels that have second order quadratic coefficient larger than the threshold parameter
are flagged as non-linear and this resulting map of flags is written out as a third FITS file.

3.2.1.1.6 Products:

Name Type Description
IRD _ GAIN FITS[Im(4)] The linear coefficient of the Photon
Transfer Curve (PTC) as image. The

file contains the gain values in the first
extensions. The second extension
contains the bad pixels (static input bad
pixels), the fourth extension contains
the reduced chi-squared values. The
third extension is not used and contains
a zero image. The header contains the
main gain measurement and its rms.

IRD_ NONLIN FITS[Im(4)] This product is only created if fitorder

> 1. It is identical to the main product
except that it contains the second
(quadratic) coefficients of the pixel fits

in the first extension.
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Name Type Description
IRD _NONLIN FITS[Im(1)] A simple image flagging all non linear
BADPIX pixels.
3.2.1.2 sph_ ird master dark
3.2.1.2.1 Purpose:
Creation of the master dark frame
3.2.1.2.2 Input frames:
Data Type (TAG) Source Optional | Min Max
IRD_ DARK_ RAW Raw data No 1 Any
3.2.1.2.3 Raw frame keywords used:
none
3.2.1.2.4 Parameters:
Name Type Description Default Allowed
vals.
ird.master__ string The output filename for the product. master_ dark.fits -
dark.outfilename Please also see the esorex documentation
for naming of output products.
ird.master _ dark.save bool Flag to signal whether additional 0 -
addprod products - in this case the badpixel map
- should be saved.
ird.master__ string The output filename for the product. static_ -
dark.badpixfilename Please also see the esorex documentation badpixels.fits
for naming of output products. Only
used if badpixel map requested.
ird.master_ dark.coll int The collapse algorithm to use. 0 = 2 0,1,2
alg Mean, 1 = Median, 2 = Clean mean.
ird.master__ int The clean mean reject pixels on low end. 0 0-20
dark.clean
mean.reject _ low
ird.master int The clean mean reject pixels on high 0 0-20
dark.clean end.
mean.reject _ high
ird.master double Badpixel determination sigma value for 5.0 0.0-200.0
dark.sigma__ clip clipping.
ird.master__ double The smoothing length to use for 5.0 0.0-200.0
dark.smoothing calculation of the large scale dark
structures. Smoothing is needed for
good hotpixel detection.
ird.master_ dark.min__ double The minimum acceptable value. Any -100.0 -
acceptable pixels with values below this are marked
as bad.
ird.master _ dark.max__ double The maximum acceptable value. Any 1000.0 -
acceptable pixels with values above this are marked
as bad.
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3.2.1.2.5 Description:

This recipe deals with the creation of the master dark calibration frame. Only raw frames are
used in this recipe. The dark is created by combining the input raw frames using the collapse
algorithm specified (usually the clean mean algorithm). After all input frames are combined
in this way, the badpixels are determined on the result. First a simple thresholding is applied
using the parameters min accepting and max_accepting. A smoothed version of the image is
then subtracted to remove large scale variations. The smoothing scale can be changed with the
corresponding user parameter. Then sigma clipping is used with the sigma user parameter. All
pixels that are further than the specified sigma value away from the mean are marked as bad in the
combined, unsmoothed image.. This resulting master dark frame is then written out, A separate
hotpixel map is also written out.

3.2.1.2.6 Products:

Name Type Description
IRD_ MASTER_ FITS[Im(4)] The resulting master dark frame. This
DARK frame contains 4 different image

extensions: the image, badpixels, the
weightmap (how many frames contribute
to each pixel), and the rms map.

IRD _STATIC FITS[Im(1)] An optionally written single extension
BADPIXELMAP image of the static badpixels. Note that

the content is identical to the second

extension in the master dark frame.

3.2.1.3 sph_ird ins bg

3.2.1.3.1 Purpose:
Creation of an instrument background

3.2.1.3.2 Input frames:

Data Type (TAG) Source Optional | Min Max
IRD_ INS_ BG_ RAW Raw data No 1 Any
IRD INSTRUMENT MODEL Calibration Yes 0 1
IRD _STATIC_ BADPIXELMAP Calibration Yes 0 1

3.2.1.3.3 Raw frame keywords used:
none

3.2.1.3.4 Parameters:

Name Type Description Default Allowed

vals.

ird.ins_ bg.outfilename string The output filename for the product. ins_ bg.fits -
Please also see the esorex documentation

for naming of output products.

ird.ins__ bg.save bool Flag to signal whether additional 0 -
addprod products - in this case the smoothed
background - should be saved.
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Name Type Description Default Allowed

vals.
ird.ins__ bg.lsf string Flag to signal whether additional ins_ bg_ fit.fits -
outfilename products - in this case the smoothed

background - should be saved.

ird.ins__ bg.coll _ alg int The collapse algorithm to use. 0 = 2 0,1,2

Mean, 1 = Median, 2 = Clean mean.

ird.ins_ bg.clean int The clean mean reject pixels on low end. 0 0-20

mean.reject  low

ird.ins__ bg.clean__ int The clean mean reject pixels on high 0 0-20
mean.reject _ high end.
ird.ins__ bg.fitorder int The fitting order to use for the 2D 2 1-7

polynomial fit of the background.

smoothing range double

3.2.1.3.5 Description:

This recipe deals with the creation of the instrument background calibration frame. Only raw
frames are used in this recipe. The background is created by combining the input raw frames using
the collapse algorithm specified (usually the clean mean algorithm). Contrary to the master dark
recipe, no badpixel maps are created by this recipe, since thresholding is much more difficult on
the background frames. The recommended way to generate a reliable badpixel map is to use the
master dark recipe on suitable dark frames! MASTER DARK, INS BG, and SKY BG frames
are all for subtraction from raw input frames, thus they should never be corrected for flat fields
or other dark/background frames!

3.2.1.3.6 Products:

Name Type Description
IRD_ INS_ BG FITS[Im(4)] The resulting master dark frame. This

frame contains 4 different image
extensions: the image, badpixels, the
weightmap (how many frames contribute
to each pixel), and the rms map.
IRD_INS_ BG_ FIT FITS[Im(4)] The smoothed frame (2D polynomial fit)
of the background. The FITS file

contains 4 extensions: the image, the
badpixels, the rms error and a
weightmap. Left and right frame fits are
obtained separately, but inserted into a

full frame result!

3.2.1.4 sph_ird sky bg

3.2.1.4.1 Purpose:
Creation of a sky background
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3.2.1.4.2 Input frames:

Data Type (TAG) Source Optional | Min Max
IRD_ SKY_ BG_ RAW Raw data No 1 Any
IRD_INSTRUMENT _MODEL Calibration Yes 0 1
IRD_ STATIC_ BADPIXELMAP Calibration Yes 1
3.2.1.4.3 Raw frame keywords used:
none
3.2.1.4.4 Parameters:
Name Type Description Default Allowed
vals.
ird.sky  bg.outfilename string The output filename for the product. sky bg.fits -
Please also see the esorex documentation
for naming of output products.
ird.sky_ bg.save__ bool Flag to signal whether additional 0 -
addprod products - in this case the smoothed
background - should be saved.
ird.sky_ bg.Isf__ string Flag to signal whether additional sky bg_ fit.fits -
outfilename products - in this case the smoothed
background - should be saved.
ird.sky__ bg.coll_ alg int The collapse algorithm to use. 0 = 2 0,1,2
Mean, 1 = Median, 2 = Clean mean.
ird.sky__ bg.clean int The clean mean reject pixels on low end. 0 0-20
mean.reject _ low
ird.sky  bg.clean int The clean mean reject pixels on high 0 0-20
mean.reject  high end.
ird.sky _ bg.fitorder int The fitting order to use for the 2D 2 1-7
polynomial fit of the background.
smoothing range double

3.2.1.4.5 Description:

This recipe deals with the creation of the sky background calibration frame. Only raw frames
are used in this recipe. The background is created by combining the input raw frames using the
collapse algorithm specified (usually the clean mean algorithm). Contrary to the master dark
recipe, no badpixel maps are created by this recipe, since thresholding is much more difficult on
the background frames. The recommended way to generate a reliable badpixel map is to use the
master dark recipe on suitable dark frames! MASTER DARK, INS BG, and SKY BG frames
are all for subtraction from raw input frames, thus they are never corrected for flat fields or other

dark /background frames!

3.2.1.4.6 Products:

’ Name ‘ Type

Description
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Name

Type

Description

IRD SKY BG

FITS[Im(4)]

The resulting master dark frame. This
frame contains 4 different image
extensions: the image, badpixels, the
weightmap (how many frames contribute

to each pixel), and the rms map.

IRD SKY BG_FIT

FITS[Im(4)]

The smoothed frame (2D polynomial fit)
of the background. The FITS file
contains 4 extensions: the image, the
badpixels, the rms error and a
weightmap. Left and right frame fits are
obtained separately, but inserted into a

full frame result!

3.2.1.5

sph_ird instrument flat

3.2.1.5.1 Purpose:
Determine the instrument flat field

3.2.1.5.2 Input frames:

Data Type (TAG) Source Optional | Min Max
IRD_ FLAT _FIELD_RAW Raw data No 1 500
IRD MASTER_ DARK Calibration Yes 0 1
IRD_ INS_ BG Calibration Yes 0 1
IRD_ INS_ BG_ FIT Calibration Yes 0 1
IRD_ DARK_ RAW Raw data Yes 0 500
IRD _STATIC BADPIXELMAP Calibration Yes 0 1
IRD_INSTRUMENT _MODEL Calibration Yes 0 1
3.2.1.5.3 Raw frame keywords used:
none
3.2.1.5.4 Parameters:
Name Type Description Default Allowed
vals.
ird.instrument string The output filename for the product. irdis_ flat.fits -
flat.outfilename Please also see the esorex documentation
for naming of output products.
ird.instrument __ bool Controls if fitting method is to be a 0 -

flat.robust _ fit

the algorithm

robust linear fit. This will reduce the
effect of cosmic rays and other
temporary bad pixels. See e.g.

Numerical Recipes for a description of
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Name Type Description Default Allowed
vals.

ird.instrument__ int The collapse algorithm to use. 0 = 2 0,1,2
flat.coll_ alg Mean, 1 = Median, 2 = Clean mean.

This affects only the first processing

step, where the illuminated region is

determined. It does not affect the actual

flat value determination.
ird.instrument _ int The clean mean reject pixels on high 0 0-20
flat.clean end. This affects only the first
mean.reject  high processing step, where the illuminated

region is determined. It does not affect

the actual flat value determination.
ird.instrument int The clean mean reject pixels on low end. 0 0-20
flat.clean This affects only the first processing
mean.reject _ low step, where the illuminated region is

determined. It does not affect the actual

flat value determination.
ird.instrument _ bool Controls if additional products, in this 0 -
flat.save_ addprod case a badpixel map should be created.
ird.instrument string Controls the filename of the badpixel instr  flat -
flat.badpixfilename map, if requested for output. Ignored if badpixels.fits

no make badpix is FALSE.
ird.instrument double The minimum linear threshold value 0.1 -
flat.badpix thats acceptable. All pixels in the final
lowtolerance flat that have values below this value

will be marked as bad.
ird.instrument double The maximum linear threshold value 10.0 -
flat.badpix__ thats acceptable. All pixels in the final
uptolerance flat that have values above this value

will be marked as bad.
ird.instrument double The maximum error value thats 50.0 -
flat.badpix__ acceptable. All pixels in the final flat
chisqtolerance that have errors above this value will be

marked as bad.
ird.instrument__ double The thresholding to use to detect 0.1 -
flat.threshold illuminated regions. Before the flat is

determined all pixels that have counts

below a value of the threshold times the

mean are masked out. Note that this

should only give a very rough masking.

It is much preferable to select the

regions for flat determination using the

static badpixel input frame.

3.2.1.5.5 Description:

The instrument flat field recipe for IRDIS is very similar as the detector flat field recipe for IFS,
sph_ifs detector flat field. The flat recipe as described here uses input exposures taken with
the narraw band or broad band calibration lamps in any of the IRDIS modes. This flat is used
in all subsequent recipes that need to remove the pixel to pixel variation in the signal response
of the detector and instrument. It is therefore important that input frames are consistently for
one particular instrument configuration and that the resulting flat is applied only to data taken
with matching instrument configurations. As input the recipe requires a series of flat exposures
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with different median count levels. This may either be achieved by varying the lamp intensity
(preferred) or more commonly by varying the exposure time. Dark handling in this recipe is
special: For best results, the recipe needs a series of raw dark frames with DITs matching those
of the raw flat field frames. If raw darks are provided, the recipe will for each raw flat field frame
select the raw dark with the closest matching DIT and subtract it. the recipe will not insist on
perfectly matching DITs, this is the user’s responsibility! If raw darks are unavailble (e.g. in a
automated pipeline context), the recipe can also apply standard irdis background frames. Note
that in this case a single dark frame will be subtracted from all input frames. Best results can thus
be achieved only if all input raw flat fields have the same DIT (matching that of the background, of
course) and lamp intensity is varied to achieve variable flux. The order of selecting what actually
happens is the following;:

1. If raw darks are available, all others are ignored.

2. Else if an INS BG_FIT is available, this one is chosen.

w

. Else if an INS BG is available, this one is chosen.

4. Else if a MASTER DARK is available, this one is chosen.

The recipe will also run without any dark at all! It is thus the user’s responsibility to supply
adequate background frames to achieve the best possible results! The recipe creates the flats as
follows: All raw frames are read in and dark subtracted. The dark subtraction is performed dif-
ferently than for other recipes, and rather than master darks, the recipe actually uses raw dark or
background frames. Since the background varies significantly depending on the chosen detector
integration time, a dark with a matching exposure time needs to be subtracted for each flat. If a
specific irdis instrument model is provided via an input frame the irdis instrument model is read
from that frame, otherwise a default model is used. This model is used to identifiy the left and
right detector windows. In the next step, a mask of the illuminated region is created by combining
all input exposures and using a thresholding above the given input threshold value to identify illu-
minated regions and masking out non-illuminated regions. Any hot pixels known from the master
dark or the provided hotpixel mask are also masked out. The flat fielding procedure descibed
below (identical to that for the IFS) is then applied to the left and right windows seperately.

1. The mean value is determined for the respective window for all exposures.

2. For every pixel p = (z,y), a set of m;,v;(x,y) data pairs are stored with m; being the
exposure mean value and v;(z,y) being the pixel value for exposure 3.

3. The flat field value of pixel p(z,y) is defined as the slope ¢(z,y) of a linear fit F to the data
m;,v; (.’I}, y)

4. This slope c(z,y) effectively represents the pixel’s response to illumination relative to the
detector mean response. It is the flat field value and comes naturally out of the procedure
being close to 1.

5. The fit itself is performed either using a maximum likelyhood method or a robust fitting
method which minimizes the sum of the absolute value of the deviations rather than the
sum of the squares of the deviations (see e.g. Numerical Recipes for the algorithm). The
robust fitting method will yield better results when significant outliers (e.g. due to cosmic
rays) can be expected.

6. The flat field values are saved as an image as the main product of the recipe.

Aditionally, the recipe may also produce a separate output of all pixels that are identified as non-
linear. The criteria for non-linearity are set by the user parameters and can be either pixels that
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have a flat field value outside specified bounds and/or pixels for which the linear fit produces a
reduced chi-squared above a given threshold value. Note that non-linearity pixel determination is
performed on the entire detector region and not the left and right window seperately. For reliable
non-linearity flagging using the reduced chi-squared it is necessary to use many high quality input
exposures. Since the badpixel treatment is somewhat complicated, some important points: the
badpixels that are stored in the master flat field itself as produced by this recipe (the second
extension of the main recipe product) contain all the badpixels at this point in the cascade. Pixels
that were marked as bad from the input static badpixel map are also marked as bad here. The
optional static badpixel output that is produced contains strictly only those pixel that the flat
field recipe itself deemed to be bad. This does not necessarily include all the badpixels from the
static badpixel input file.

3.2.1.5.6 Products:

Name Type Description
IRD_ FLAT _ FIELD FITS[Im(4)] The flat field. This is saved as a FITS

file with 4 extensions, the flat values,
the badpixels (hotpixels and non-linear
pixels), a weight map (number of frames
that contributed to each pixel), and the
rms

IRD _STATIC FITS[Im(1)] Optional output of all the non-linear
BADPIXELMAP pixels determined. All pixels as

determined in this recipe using the

ird.instrument _flat.badpix_ tolerance
parameters. This map does NOT
include all the dark frame badpixels — it
really only includes those badpixels that
are bad simply due to the flat field

criteria.
3.2.1.6 sph_ird distortion map
3.2.1.6.1 Purpose:
Creation of the total distortion map

3.2.1.6.2 Input frames:
Data Type (TAG) Source Optional | Min Max
IRD_ DISTORTION_ MAP_ RAW Raw data No 1 500
IRD_ MASTER_ DARK Calibration Yes 0 1
IRD_INS_ BG Calibration Yes 0 1
IRD INS_BG_ FIT Calibration Yes 0 1
IRD_ SKY_ BG Calibration Yes 0 1
IRD_ SKY_BG_ FIT Calibration Yes 0 1
IRD_ FLAT_ FIELD Calibration Yes 0 1
IRD_ POINT_ PATTERN Calibration Yes 0 1

3.2.1.6.3 Raw frame keywords used:
none
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3.2.1.6.4 Parameters:

Name Type Description Default Allowed
vals.

ird.distortion bool If this flag is set to TRUE (FALSE is 0 -
map.convert default), the recipe will not create a

distortion map. Instead it will convert

the point pattern table which must be

provided in the sof to either FITS or

ASCII format. The filename specified

with the outfilename parameter is used

for the output.
ird.distortion string The output filename for the product. distortion_ map.fits -
map.outfilename Please also see the esorex documentation

for naming of output products.
ird.distortion string The output filename for the product. distortion  point__ -
map.point__ table Please also see the esorex documentation | table.fits
filename for naming of output products.
ird.distortion int The collapse algorithm to use. 0 = 2 0,1,2
map.coll _ alg Mean, 1 = Median, 2 = Clean mean.
ird.distortion__ int The clean mean reject pixels on high 0 0-20
map.clean end.
mean.reject _ high
ird.distortion int The clean mean reject pixels on low end. 0 0-20
map.clean
mean.reject  low
ird.distortion double The sigma above which point sources 3.0 0.0-200.0
map.threshold are detected.
ird.distortion int The degree of the 2D-polynomial fitted 3 0-8
map.fitting_ order to the distortion. The degree is used for

both the X- and the Y-direction.
ird.distortion double The maximal distortion to correct for 7.0 0.0-2000.0
map.max__ distortion |pixel]. Any observed point that is found

to be further than this threshold from

its matching calibration point is

excluded from the fitting procedure. To

avoid an incorrect matching between an

observed point and its calibration point

this threshold should not be too large.

For a grid of equidistant calibration

points this upper limit is half the

distance between two neigboring

calibration points. For a calibration

mask with 73 by 73 points on a 1k by 1k

detector this limit is just over 7 pixels.
ird.distortion bool Full quality output wanted. Setting this 0 -
map.full-qc to TRUE will create various QC images

and also use the calculated distortion

map to de-distort the input. When this

flag is set, processing time of this recipe

will increase measureably.
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Name Type Description Default Allowed

vals.
ird.distortion bool the recipe uses as optical centre the 0 -
map.user_ cent coordinate of the point that is closest to

the detector centre of the point pattern,
while for the right channel the same

point is used.

ird.distortion double The optical centre of the left FOV. This 512.5 -
map.cent _ left  x is only used if the user _cent parameter

is set to TRUE.
ird.distortion double The optical centre of the left FOV. This 512.5 -
map.cent_ left y is only used if the user_cent parameter

is set to TRUE.

ird.distortion double The optical centre of the right FOV. 512.5 -
map.cent_ right  x This is only used if the user_cent

parameter is set to TRUE.

ird.distortion double The optical centre of the right FOV. 512.5 -
map.cent_ right y This is only used if the user_cent

parameter is set to TRUE.

ird.distortion bool When set to true, the distortion 0 -
map.align_ right correction of the right channel has a
fixed shift added to it to align it with
the left channel. The added shift is the
difference between the optical axis of

the left and right channel.

3.2.1.6.5 Description:

This recipe creates a map of the distortion for the instrument. The raw frames are first reduced
like standard science frames in field stabilised mode without dithering. The frame combination
is simply done using a clean mean, mean or median combination. If given as input, a dark is
subtracted and a flat field applied. Dark handling follows the usual strategy, see man page of
sph_ird _science dbi. For this recipe, providing a dark is optional - it will happily look for points
also without subtracting anything in advance! The result frame is then analysed to detect point
sources given the user detection threshold specified. Depending on whether a point pattern is
given as one of the input frames or not, the recipe now either:

1. creates a new point pattern (if none was given) from the raw frames or

2. measures the distortion map comparing the observed point pattern with the input point
pattern provided.

In case that a new distortion map is created, this is done by

1. finding all points in the real image

2. making a guess of the optical axis. This is assumed to be the coordinates of the point closest
to the geometrical centre of the point pattern. The geometrical centre of the point pattern
is calculated averaging the positions of all the points belonging to the point pattern. The
centre values are measured relative to the extension of the product. In order to obtain the
pixel coordinates in the raw frame 1024 has to be added to the right channel x coordinate.

3. shifting the input point pattern so that its most central point has the same coordinates as
the optical axis. This means that the central points on real and expected point pattern fall
exactly on top of each other.
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4. determining the distance between each observed (detected) point and the closest point in
the input table.

5. all points that have been found to be further than the max distortion value given as parameter
to the recipe are removed.

6. The resulting distortion measurements are then used to calculate two 2D-polynomial fits to
create a distortion map in both X and Y for all pixels. Each polynomial has its center of
origin on the detector center.

The main product of the recipe is a multi-extension file that gives the distortion map for each
IRDIS field of view separately. Other recipes use the polynomial fit as stored in the header of
extension 0 and 8 to apply the distortion map. The recipe also produces a number of quality control
files when requested to do so. The first is an image of the input point pattern, one total one and
one each for the left and right FoVs. In addition the recipe uses the distortion map that has been
calculated in the main part of the recipe to correct the input processed raw image. This corrected
input is written out as a full detector image as well as left and right FoV subimages. To verify the
distortion map is correct the recipe also produces residual distortion QC outputs when full QC
output is requested. The absolute residual distortion images are named qc_residuals left.fits and
qc_residuals _right.fits. While these may show outliers, a high quality distortion measurement
should yield residual images with typical values < 0.1. A stronger test of the quality of the
distortion map quality can be made by feeding the full detector control image back into a second
run of the distortion map recipe. The resulting distortion map then gives the distortion residuals
— and these should all be close to 0. The polynomial fit is available as QC parameters in the
distortion map. The polynomial fitting is performed on the point patterns shifted by the centre
of the optical axis. The fitting generates two polynomials: p(x,y) and p,(x,y) where the first
provides the shift in the x direction for a point of coordinates (x,y). py(z,y) refers to the shift
in the y coordinates. The coefficients of the polynomials are written as QC parameters in the
form “ESO DRS DIST L X COEFF i_j” where “L” indicates that the QC parameter belongs to
the left FOV (for right FOV “R” is used). The letter “X” indicates that the coefficient belongs
to pu(z,y) (“Y” is used for py(x,y)). i and j are the powers of z and y, i.e. 'y/. The pin point
static calibration is shifted to the closest pin-point image. This shift is stored as the estimated
optical axis in the keywords “ESO QC DISTMAP OPT AXIS X” and “ESO QC DISTMAP OPT
AXIS Y”. Then the polynomial fit is applied as described above and saved as DISTORTION MAP,
which is used in later steps of the cascade to correct the optical distortion.

3.2.1.6.6 Products:

’ Name ‘ Type Description
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Name Type

Description

IRD_DISTORTION | FITS[Im(16)]
MAP

The resulting distortion map. The
distortion map is saved in a FITS file
with a total of 16 extensions. The first 4
extensions contain values, badpixels,
rms and weightmap for the distortion in
the x direction and the next 4
extensions the same information for the
distortion in the y direction. The first 8
extension contain the information for
the left FOV the next 8 extension the
information for the right FOV. Please
also note that the image data is
currently not used in subsecquent
recipes — only polynomial fit parameters

in the FITS header is used.

IRD POINT FITS[Table|
PATTERN

This frame is created only if no input
point pattern was provided. The frame
contains a new table giving the positions

of all points found in the raw frames.

3.2.1.7 sph_ird_ star center

3.2.1.7.1 Purpose:
Determine the field centre

3.2.1.7.2 Input frames:

Data Type (TAG) Source Optional | Min Max
IRD STAR CENTER_WAFFLE RAW Raw data No 1 Any
IRD_ MASTER__ DARK Calibration Yes 0 1
IRD INS BG Calibration Yes 0 1
IRD_ INS_ BG_ FIT Calibration Yes 0 1
IRD SKY BG Calibration Yes 0 1
IRD_ SKY_ BG_ FIT Calibration Yes 0 1
IRD FLAT FIELD Calibration Yes 0 1
IRD_ STATIC_ WAFFLEMAP Calibration Yes 0 1
3.2.1.7.3 Raw frame keywords used:
none
3.2.1.7.4 Parameters:
Name Type Description Default Allowed
vals.
ird.star_ string The output filename for the product. star_ center.fits -
center.outfilename Please also see the esorex documentation
for naming of output products.
ird.star_ center.coll _ int The collapse algorithm to use. 0 = 2 0,1,2
alg Mean, 1 = Median, 2 = Clean mean.
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Name Type Description Default Allowed
vals.

ird.star _ center.clean int The clean mean reject pixels on high 1 0-20

mean.reject _ high end.

ird.star _ center.clean int The clean mean reject pixels on low end. 1 0-20

mean.reject _ low

ird.star_ center.sigma double The sigma threshold to use for source 10.0 -
detection

ird.star_ center.use__ bool Flag to whether to expect a waffle image 1 -

waflle (4 images in cross formation) or not

(single central fit).

ird.star_ center.qc bool If set QC output for this recipe is 0 -
produced.
ird.star _ center.save bool Flag to signal if intermediate products 0 -
interprod should be kept
ird.star__ int Before finding centres an unsharp 4 -
center.unsharp algorithm is used on the image. This
window specifies the window width for the mask
in pixels.

3.2.1.7.5 Description:

This recipe creates a table with centre star positions. The input raw frames are each reduced by
subtracting the dark and applying the flat provided. Dark handling follows the usual strategy, see
man page of sph_ird science dbi. For this recipe, providing a dark is optional - it will happily
look for points also without subtracting anything in advance! After sorting the frames, the recipe
only reduces the image data of the waffle images. An optional mask frame may be given, of the
same dimensions as the raw input frames, which allows masking out of regions before the point
sources are detected. This can mainly be used on images where despite use of a coronagraph a
significant central signal is present. The left and right parts of the illuminated detector regions
are extracted and left and right part are seperately analysed using a aperture detection algorithm.
The aperture detection algorithm detects all connected regions of at least 4 pixels size (area) that
are the given sigma above the background. The so detected waftle stars are then used to contruct
a geometric centre of all stars found. This is then the frame centre. The recipe also works for the
case that there is only one star (e.g. the coronograph is out and no waffle stars are formed). After
frame centers have been determined for all waffle images an internal table is created with an entry
for each waffle image, giving the time of the start of the exposure and the centre information. The
recipe reads the position of the IRDIS DMS from the header of the raw frames, divides by 18.0 to
convert from micron to pixels, and stores them in the output table.

3.2.1.7.6 Known Issues:
While this recipe is functional, its requirements are fully settled. The recipeimplementes the
current baseline of how star centering is foreseen in IRDIS.

3.2.1.7.7 Products:

Name Type Description
IRD_STAR FITS|Table] The table of stellar center positions as a
CENTER FITS table, with one row for each input

raw frame. The order is the same as the

order of input raw frames.
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3.2.2 IRDIS Dual-Band Imaging (DBI) Specific Calibrations and Sci-

ence
3.2.2.1 sph_ird flux calib

3.2.2.1.1 Purpose:
Calibrate the effect of coronagraph

3.2.2.1.2 Input frames:

Data Type (TAG) Source Optional | Min Max
IRD_ FLUX_CALIB_ CORO_ RAW Raw data No 1 100
IRD_ FLUX CALIB_ NO_ CORO_ RAW Raw data No 1 100
IRD MASTER_ DARK Calibration No 1 1
IRD _FLAT _FIELD Calibration No 1 1
3.2.2.1.3 Raw frame keywords used:
Keyword Type Optional | Description
ESO DRS IFS CORONO string No The keyword that specified if the coronagraph is in or
out.

3.2.2.1.4 Parameters:

Name Type Description Default Allowed
vals.
ird.flux_ string The output filename for the product. flux_ calib.fits -
calib.outfilename Please also see the esorex documentation
for naming of output products.
ird.flux__ calib.coll _ alg int The collapse algorithm to use. 0 = 2 0,1,2
Mean, 1 = Median, 2 = Clean mean.
ird.flux__ calib.clean int The clean mean reject pixels on high 1 0-20
mean.reject _ high end.
ird.flux_ calib.clean int The clean mean reject pixels on low end. 1 0-20
mean.reject _ low

3.2.2.1.5 Description:

This recipe calibrates the effect of the coronagraph on the detected number of counts. For this
purpose the raw frames with and without coronagraph are reduced seperately in the standard way
(dark subtraction, flat fielding). The recipe then measures the total flux in the coronagraph and
the non-coronograph frames and saves the ratio as a keyword together with the reduced images.

3.2.2.1.6 Products:

Name

IRD_ FLUX_ CALIB

Type Description

FITS[Im(4)]

The reduced frame with the calibration

keywords in header.
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3.2.2.2 sph_ird science dbi

3.2.2.2.1 Purpose:
Science calibration, DBI mode.

3.2.2.2.2 Input frames:

Data Type (TAG) Source Optional | Min Max
IRD SCIENCE_ DBI_RAW Raw data No 1 500
IRD_ MASTER_ DARK Calibration Yes 0 1
IRD_INS_ BG Calibration Yes 0 1
IRD_INS_ BG_ FIT Calibration Yes 0 1
IRD _SKY_ BG Calibration Yes 0 1
IRD_ SKY_BG_ FIT Calibration Yes 0 1
IRD_FLAT _FIELD Calibration No 1 1
IRD_ DISTORTION__ MAP Calibration Yes 0 1
IRD_ FILTER_ TABLE Calibration Yes 0 1
IRD STAR_ CENTER Calibration Yes 0 1
IRD_ FCTABLE Calibration Yes 0 Any
IRD STATIC BADPIXELMAP Calibration Yes 0 1
3.2.2.2.3 Raw frame keywords used:
Keyword Type Optional | Description
ESO INS1 OPTI2 NAME string No
3.2.2.2.4 Parameters:
Name Type Description Default Allowed
vals.
ird.science string The output filename for the product. science  dbi.fits -
dbi.outfilename Please also see the esorex documentation

for naming of output products.

ird.science  dbi.save bool Flag signalling whether additional 1 -
addprod products should be saved. These are the
individual, adi combined when required,

products for the left and right fields

ird.science  dbi.save bool Flag signalling whether intermediate 1 -
interprod products should be saved/kept on disk.
These are the prime starting points for
independent differential analyses with

third-party software!

ird.science string The output filename for the product. science_ dbi_ -
dbi.outfilename _ left Please also see the esorex documentation left.fits

for naming of output products.

ird.science  dbi.make bool if set to TRUE the recipe creates an 0 -
template empty template of the field center table
to be filled by hand.

ird.science string The output filename for the product. science  dbi -

dbi.outfilename _ right Please also see the esorex documentation | right.fits

for naming of output products.
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Name Type Description Default Allowed
vals.
ird.science_ dbi.coll _ int The collapse algorithm to use. 0 = 1 0,1
alg Mean, 1 = Median.
ird.science  dbi.use bool Flag to control usage of ADI 0 -
adi
ird.science_ dbi.use bool Flag to control usage of SDI 0 -
sdi
ird.science_ dbi.minr double The minimum radius of the annulus 4.0 0.0-512.0
used to renormalise the flux for SDI.
ird.science  dbi.maxr double The maximum radius of the annulus 40.0 0.0-512.0
used to renormalise the flux for SDI.
ird.science  dbi.full bool This sets whether speckle frames should 1 -
frameset  speck be calculated per cube (if set to FALSE)
or for the full set of frames (TRUE,
default)
ird.science int Transform method to use. 0 is FFT, 1 is 0 0,1
dbi.transform _ method CPL_WARP (interpolation).
ird.science_ dbi.filter int FFT filter method to use. 0 is none, 1 is 0 0,1,2,3
method top hat filter, 2 is Fermi filter, 3 is
Butterworth filter.
ird.science_ dbi.filter double Radius for FFT top hat and Fermi 0.0 0.0-1.0
rad filters. A non zero value leads to
suppression of high frequencies in the
fourier domain before frame
combination. The value expresses the
minimum unsuppressed frequency as
fraction of total frequency domain
radius (a value of 1 would suppress
essentially all frequencies).
ird.science_ dbi.fermi__ double The temperature parameter for the 0.0 0.0-1.0
temp Fermi filter.
ird.science double The pass band frequency for the 0.0 0.0-1.0
dbi.butter _ pass Butterworth filter, as fraction of total
frequency domain radius.
ird.science double The stop band frequency for the 0.0 0.0-1.0
dbi.butter _ stop Butterworth filter, as fraction of total
frequency domain radius. This must be
larger than the pass frequency.
ird.science int When set to a non zero value, the recipe 0 0-1024
dbi.window _ size uses a special subwindow mode, where
only cut-outs are of the given size are
used (the cut out is made after dark and
flat have been applied and the subfields
have been extracted). For example to
use only the central 128 pixels for both
left and right subfields use
window _size=128.
ird.science  dbi.star_ r double The star radius [arcsecond] used for the 2.0 -
Strehl ratio estimate. A negative value
disables the estimation. This option is
ignored in absence of a filter table frame.
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Name Type Description Default Allowed
vals.
ird.science_ dbi.bg_ rl double The internal radius [arcsecond| of the 2.0 -
background used for the Strehl ratio
estimate. This option is ignored in
absence of a filter table frame.
ird.science_ dbi.bg_ r2 double The external radius [arcsecond]| of the 3.0 -

background used for the Strehl ratio
estimate. This option is ignored in

absence of a filter table frame.

3.2.2.2.5 Description:

This recipe creates the reduced science frames for all science observations with IRDIS in DBI
maging mode. The recipe supports dithered frame combination, as well as ADI and SDI The
frames are reduced in the following steps:

1. The input raw frames are dark subtracted, see below

2. a flat field is divided out if it is provided

3. a badpixel map is created for each frame that contains the union of all dark and flat field

badpixels ***(does not work)

*okk

4. the left and right IRDIS subframes are extracted using the IRDIS instrument model as
specified in the header of the flat field (if provided) or the default model otherwise.

Now, for each of the subframes the processing is as follows:

1. high frequency filtering ***(switched off by default)***. If the filter radius f, is set to a
value larger than 0, a top hat frequency filter is applied, masking out all frequencies above
the value of f > f. X fmaz, Wwhere fpq. is the maximum frequency in the FFT. For noise
filterings a value between 0.9 and 0.99 are good values to use for f,.

2. FFT or warp shifting of image to recenter the image

3. Application of the distortion map to image

4. Shifting and distortion map application to badpixel map using geometrical approach

All these processed frames are then saved as temporary files. These are then combined to create
a reference speckle image. Now the ADI or SDI steps are performed if one of them or both are
selected. If not is selected, these steps are skipped.

1. The speckle frame is subtracted.

2. if SDI is selected, scaling of the images using FFT around the image center — the angle
should be given as part of the field center table provided in the input of the recipe.

3. if ADI is selected, rotation of the images using FFT around the image center — the angle
should be given as part of the field center table provided in the input of the recipe.

Then these frames are combined using the selected combination algorithm.
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e if a weighted mean is selected, a weightmap is calculated first taking the median frame
as a reference frame and weighing down the other frames depending on the difference in
values. Note that this is still a very experimental option and it is still to be defined what
weighting sheme would be optimal. All badpixels get assigned the weight of 0. Frames are
then combined taking the individual weights into account.

e if a mean is selected, frames are combined using a mean, after first rejecting all bad pixels.

e if a median is selected, frames are combined by taking the median pixel value at each pixel
position. This procedure ignores the badpixels.

The obtained combined results for the left and right IRDIS field of view are saved in a single FITS
file with 8 extensions, following the layout for a double master frame: the first four extensions being
the image, badpixelmap, N map, and rms for the left field and the second set of four extensions
being the equivalent for the right field. Some additional notes:

e The static badpixel frame is optional and the badpixels defined there will be combined (using
a logical OR) with badpixels in the dark or flat.

e Before the images are transformed (rotated and/or shifted) badpixels are interpolated. Inter-
polation happens irrespective of algorithm choice. The interpolation is a simple 8 neighbbour
pixel average. In case a number of n < 8 neighbour pixels are also bad, 8 - n values are used.
In case all neighbour pixels are bad, the interpolation simply copies the value from nearest
non bad pixel.

e While a filter table is not strictly required, no scaling will be done if SDI is selected, leading
to zero images.

e For a point-source an estimate of the Strehl ratio may be useful. The presence of a filter
table frame will enable the estimation, which on failure will do nothing and on success will
insert Strehl related QC parameters into each product header.

Dark handling: This recipe will not run without a supplied dark or background frame. Possible
frames to be subtracted are SKY BG FIT, SKY BG, INS BG_ FIT, INS BG, and MAS-
TER DARK. DIT and readout mode should match the science data, but this is not verified by
the recipe! For everything except MASTER_DARK, it is a wise idea to also match the filter con-
figuration! If you provide more than one of the optional frames, a choice will be made according
to the following priorization:

1. If a SKY_ BG_FIT is available, this one is chosen.

2. Else if a SKY BG is available, this one is chosen.

Else if an INS BG_FIT is available, this one is chosen.
Else if an INS BG is available, this one is chosen.

5. Else if a MASTER DARK is available, this one is chosen.

6. Else an error will be thrown and execution terminated.

3.2.2.2.6 Products:

Name ‘ Type Description
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Name Type

Description

IRD SCIENCE_DBI | FITS[Im(4)]

The main science frame. The FITS file
contains 4 extensions: the image, the
badpixels, the rms error and a
weightmap for the total or difference of
the left and right fields of view.
Optionally, left and right field can be

produced as additional products.

3.2.3 IRDIS Classical Imaging (CI) Specific Calibrations and Science

3.2.3.1 sph_ird science imaging

3.2.3.1.1 Purpose:
Science calibration, imaging mode.

3.2.3.1.2 Input frames:

Data Type (TAG) Source Optional | Min Max
IRD_SCIENCE_ IMAGING__ RAW Raw data No 1 500
IRD_ MASTER_ DARK Calibration Yes 0 1
IRD_ INS_ BG Calibration Yes 0 1
IRD_INS_ BG_ FIT Calibration Yes 0 1
IRD SKY BG Calibration Yes 0 1
IRD_ SKY_ BG_ FIT Calibration Yes 0 1
IRD FLAT FIELD Calibration Yes 0 1
IRD_ DISTORTION _ MAP Calibration Yes 0 1
IRD STAR_CENTER Calibration Yes 0 1
IRD_ FCTABLE Calibration Yes 0 Any
IRD STATIC BADPIXELMAP Calibration Yes 0
IRD_ FILTER_ TABLE Calibration Yes 0 1
IRD PHOT_STAR_TABLE Calibration Yes 0 1
3.2.3.1.3 Raw frame keywords used:
Keyword Type Optional | Description
ESO INS1 PAC X double No The dithering position in X for the frame in pixels.
ESO INS1 PAC Y double No The dithering position in Y for the frame in pixels.
ESO INS CPRT POSANG double Yes The rotation angle of frame in degrees. Only needed if
ADI selected.
3.2.3.1.4 Parameters:
Name Type Description Default Allowed
vals.
ird.science string The output filename for the product. science -
imaging.outfilename Please also see the esorex documentation imaging.fits
for naming of output products.
ird.science string The output filename for the product. science_ imaging -
imaging.outfilename _ Please also see the esorex documentation left.fits
left for naming of output products.
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Name Type Description Default Allowed
vals.

ird.science string The output filename for the product. science_ imaging -
imaging.outfilename _ Please also see the esorex documentation | right.fits
right for naming of output products.
ird.science int The collapse algorithm to use. 0 = 1 0,1
imaging.coll _ alg Mean, 1 = Median.
ird.science bool if set to TRUE the recipes internall 0 -
imaging.keep  fctable created field center tables are not

deleted.
ird.science bool if set to TRUE the recipe will save 0 -
imaging.save addprod additional products (left and write

fields, in this case!)
ird.science bool Flag to control usage of ADI. 0 -
imaging.use  adi
ird.science bool This sets whether speckle frames should 1 -
imaging.full _ be calculated per cube (if set to FALSE)
frameset _ speck or for the full set of frames (TRUE,

default)
ird.science int Transform method to use. 0 is FFT, 1 is 0 0,1
imaging.transform CPL_ WARP (interpolation).
method
ird.science int FFT filter method to use. O is none, 1 is 0 0,1,2,3
imaging.filter _ method top hat filter, 2 is Fermi filter, 3 is

Butterworth filter.
ird.science double Radius for FFT top hat and Fermi 0.0 0.0-1.0
imaging.filter _ rad filters. A non zero value leads to

suppression of high frequencies in the

fourier domain before frame

combination. The value expresses the

minimum unsuppressed frequency as

fraction of total frequency domain

radius (a value of 1 would suppress

essentially all frequencies).
ird.science double The temperature parameter for the 0.0 0.0-1.0
imaging.fermi_ temp Fermi filter.
ird.science double The pass band frequency for the 0.0 0.0-1.0
imaging.butter  pass Butterworth filter, as fraction of total

frequency domain radius.
ird.science double The stop band frequency for the 0.0 0.0-1.0
imaging.butter  stop Butterworth filter, as fraction of total

frequency domain radius. This must be

larger than the pass frequency.
ird.science double The star radius [arcsecond] used for the 0.0 -
imaging.star _ r Strehl ratio estimate. A negative value

disables the estimation. When AO is

enabled and 0 (default) is provided 2

arcseconds are used. When AO is

disabled and 0 is provided a radius

corresponding to 277 PIXEL is used.

This option is ignored in absence of a

IRD _FILTER_TABLE frame.
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Name Type Description Default Allowed

vals.
ird.science double The internal radius [arcsecond| of the 0.0 -
imaging.bg_ rl background used for the Strehl ratio

estimate. When AO is enabled and 0
(default) is provided 2 arcseconds are
used. When AO is disabled and 0 is
provided a radius corresponding to 277
PIXEL is used. This option is ignored in
absence of a IRD _FILTER_TABLE

frame.
ird.science double The external radius [arcsecond] of the 0.0 -
imaging.bg 12 background used for the Strehl ratio

estimate. When AO is enabled and 0
(default) is provided 3 arcseconds are
used. When AO is disabled and 0 is
provided a radius corresponding to all
the PIXELS in the image is used. This
option is ignored in absence of a

IRD_FILTER_TABLE frame.

3.2.3.1.5 Description:

This recipe creates the reduced science frames for all science observations with IRDIS in classical
imaging mode. The recipe supports dithered frame combination, but does not currently support
any frame de-rotation. Use the ***sph ird science dbi*** recipe for cases when de-rotation is
needed. The frames are reduced in the following steps:

1. The input raw frames are dark subtracted, see below

2. a flat field is divided out if it is provided

3. a badpixel map is created for each frame that contains the union of all dark and flat field
badpixels ***(does not work)***

4. the left and right IRDIS subframes are extracted using the IRDIS instrument model as
specified in the header of the flat field (if provided) or the default model otherwise.

Now, for each of the subframes the processing is as follows:

1. high frequency filtering ***(switched off by default)***. If the filter radius f, is set to a
value larger than 0, a top hat frequency filter is applied, masking out all frequencies above
the value of f > f. X finaz, Where fi,q. is the maximum frequency in the FFT. For noise
filterings a value between 0.9 and 0.99 are good values to use for f;.

2. FFT shifting of image to recenter the image
3. Application of the distortion map to image

4. Shifting and distortion map application to badpixel map using geometrical approach

All these processed frames are then saved as temporary files. Then these frames are combined
using the selected combination algorithm.

e if a weighted mean is selected, a weightmap is calculated first taking the median frame
as a reference frame and weighing down the other frames depending on the difference in
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values. Note that this is still a very experimental option and it is still to be defined what
weighting sheme would be optimal. All badpixels get assigned the weight of 0. Frames are
then combined taking the individual weights into account.

e if a mean is selected, frames are combined using a mean, after first rejecting all bad pixels.

e if a median is selected, frames are combined by taking the median pixel value at each pixel
position. This procedure ignores the badpixels.

The obtained combined results for the left and right IRDIS field of view are saved in a single FITS
file with 8 extensions, following the layout for a double master frame: the first four extensions being
the image, badpixelmap, N map, and rms for the left field and the second set of four extensions
being the equivalent for the right field. Some additional notes:

e For a point-source an estimate of the Strehl ratio may be useful. The presence of a filter
table frame will enable the estimation, which on failure will do nothing and on success will
insert Strehl related QC parameters into each product header.

e If additionally a standard star table is supplied and the target observed can be found in that
table, an estimate of the zeropoint is also computed.

Dark handling: This recipe will not run without a supplied dark or background frame. Possible
frames to be subtracted are SKY BG_ FIT, SKY BG, INS BG_ FIT, INS BG, and MAS-
TER_ DARK. DIT and readout mode should match the science data, but this is not verified by
the recipe! For everything except MASTER DARK, it is a wise idea to also match the filter
configuration! Strehl Ratio Calculation: The recipe calculates the Strehl Ratio following these
steps:

1. Optionally correct the residual local sky background evaluated in an annular region centered
on the expected peak of the Point Spread Function (PSF). The region extendes between
bg 1l and bg_r2. The center is the centroid of the apertures found in the image.

2. The PSF is identified and its integrated flux is normalized to 1. The flux is integrated in a
circular region having radius star_r;

3. The PSF barycentre is computed and used to generate the theoretical normalised PSF. It
depends on the pixel scale (PIXSCAL extracted from the raw header) and on the nomial
filter wavelength extracted from SPH IRD TAG FILTER TABLE CALIB;

4. The Strehl Ratio is the ratio between the maximum intensities of the PSF and the theoretical
PSF.

Zeropoint Calculation: The recipe calculates the Zeropoint following these steps:

1. The zeropoint calculation uses the integrated flux (f) of the star determined as part of the
Strehl Ratio computation;

2. The standard star magnitude (m) is extracted from
SPH IRD TAG PHOT_ TABLE CALIB according to the filter employed;

3. The exposure time (t) is extracted from the raw header;

4. The zeropoint is calculated as:

z=m+ 2.5 xlog10(f/t) (3.1)
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5. The zeropoint z is corrected by a correction factor ¢ extracted from the appropriate extension
of SPH IRD TAG_ FILTER TABLE CALIB:

Ze=2Z—C (3.2)

6. Both z and z. are written in the output products as QC parameters, e.g. for the left field
we have ESO QC ZPOINT LEFT and ESO QC ZPOINTCORR LEFT respectively;

If you provide more than one of the optional frames, a choice will be made according to the
following priorization:

1. If a SKY BG_FIT is available, this one is chosen.

2. Else if a SKY BG is available, this one is chosen.

3. Else if an INS_BG_ FIT is available, this one is chosen.

4. Else if an INS BG is available, this one is chosen.

5. Else if a MASTER DARK is available, this one is chosen.

6. Else an error will be thrown and execution terminated.

3.2.3.1.6 Products:

Name Type Description
IRD_ SCIENCE _ FITS[Im(4)] The main science frame. The FITS file
IMAGING contains 4 extensions: the image, the

badpixels, the rms error and a

weightmap. All show the whole detector.

3.2.4 IRDIS Long-Slit Spectroscopy (LSS) Specific Calibrations and
Science

3.2.4.1 sph_ird wave calib

3.2.4.1.1 Purpose:
Perform the wavelength calibration

3.2.4.1.2 Input frames:

Data Type (TAG) Source Optional | Min Max
IRD_ WAVECALIB_ RAW Raw data No 1 500
IRD_INSTR_ BG_ RAW Raw data Yes 0 1
IRD_ FLAT_ FIELD Calibration No 1 1
IRD_ MASTER_ DARK Calibration Yes 0 1
IRD_ STATIC__ BADPIXELMAP Calibration Yes 0 1

3.2.4.1.3 Raw frame keywords used:
none
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3.2.4.1.4 Parameters:

Name Type Description Default Allowed

vals.
ird.wave__ string The output filename for the product. irdis_ wave__ -
calib.outfilename Please also see the esorex documentation cal.fits

for naming of output products. ird.

ird.wave_ calib.coll _ int The collapse algorithm to use. 0 = 2 0,1,2
alg Mean, 1 = Median, 2 = Clean mean.
ird.wave  calib.use bool Flag to set whether wavelengths should 0 -
inskeys be set from INS keywords (ignoring then

the user command line wavelength

parameters).
ird.wave_ calib.clean int The clean mean reject pixels on high 0 0-20
mean.reject _ high end.
ird.wave  calib.clean int The clean mean reject pixels on low end. 0 0-20
mean.reject  low
ird.wave__ double Threshold for line detection. This value 1000.0 -
calib.threshold is used for line detection to determine a

rough estimate of dispersion and the
line positions before the more careful
wavelength calibration is done. The
value here should be between the
background and the maximal value of
the faintest line visible on the image. If
the value is negative (default), the
threshold is set to ten times the image

mean value.

ird.wave  calib.smooth double When set to a positive value, the raw 0.0 -
input data is smoothed with a gauss of
the given FWHM before lines are

detected and peaks determined.

ird.wave double The wavelength of first line [nm)]. 987.72 -

calib.wavelength  linel

ird.wave__ double The wavelength of second line [nm)]. 1123.71 -

calib.wavelength  line2

ird.wave double The wavelength of third line [nm]. 1309.0 -

calib.wavelength _ line3

ird.wave double The wavelength of fourth line [nm]. 1545.07 -

calib.wavelength _ line4

ird.wave double The wavelength of fifth line [nm]. 1730.23 -

calib.wavelength  line5

ird.wave__ double The wavelength of sixth line [nm]. 2015.33 -

calib.wavelength  line6

ird.wave_ calib.line_ int The maximal pixel tolerance around 5 -
tolerance which lines are searched for peaks in

exposure.
ird.wave int The number of lines to use. Any input 6 2-6
calib.number_ lines wavelength value for lines with a

number higher than the total number of

lines to use are ignored.
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Name Type Description Default Allowed

vals.

ird.wave_ calib.degree int The polynomial degree to use for the 3 1-6
fitting. This should always be at most

one less than the number of lines used.

ird.wave int The width of the sliding window used to 200 -
calib.column__ width average pixels together before the

wavelength solution is found.

ird.wave  calib.grism bool Switch to use grism mode (T = grism, F | 0 -
mode = prism). In grism mode the fitting
coefficients c2 = ¢3 = c4 = 0. The

corresponding user parameters are

ignored.
ird.wave_ calib.c2 double The c2 coefficient in the fit -43.352 -
ird.wave  calib.c3 double The c3 coefficient in the fit 149.723 -
ird.wave_ calib.c4 double The c4 coefficient in the fit 82.442 -

3.2.4.1.5 Description:

This recipe performs the wavelength calibration. The raw frames are combined, dark subtracted
and flat fielded, flagging any badpixels in the process. After combining the raw frames, the recipe
will attempt to detect the lines. For this purpose, the image is sliced into lines parallel to the
wavelength direction. For each slice, peaks belonging to the calibration wavelengths are found and
assigned to the corresponding input wavelengths. This is done for each calibration wavelength by
searching a window region of + /- ird.wave _calib.line _tolerance around the expected pixel for the
peak of the calibration wavelength (assuming a linear dispersion and the minimum and maxmimum
wavelengths as specified in the header of the master instrument flat field frame) for the maximum
image value. The actual positions for all input calibration lines are stored and a polynomial fit
of input calibration lines versus acutal pixel positions is performed and used to interpolate all
wavelength values between calibration lines for the image slice. Once all slices inside the spectral
region have been processed the PDT is updated with the new information and written out as the
product.

3.2.4.1.6 Products:

Name Type Description
IRD_ WAVECALIB FITS[Im(9)] The wavelength calibration data. This

FITS file contains in total six

extensions, all containing imaging data.
Each image corresponds to one column
in the pixel description table (PDT).
The order is: wavelength, spectra id, slit
id, wavelength width (or error on
wavelength), second derivative and
illumination fraction. . Additionally
saved is the image resulting from a

simple combination of all frames, the

bad pixel map and an RMS map.
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3.2.4.2 sph_ird_ science spectroscopy

3.2.4.2.1 Purpose:
Science calibration, spectroscopy mode.

3.2.4.2.2 Input frames:

Data Type (TAG) Source Optional | Min Max
IRD _SCIENCE_ SPECTROSCOPY RAW Raw data No 1 500
IRD_ MASTER_ DARK Calibration Yes 0 1
IRD_INS_ BG Calibration Yes 0 1
IRD_INS_ BG_ FIT Calibration Yes 0 1
IRD _SKY_ BG Calibration Yes 0 1
IRD_ SKY_BG_ FIT Calibration Yes 0 1
IRD_FLAT _FIELD Calibration No 1 1
IRD_ ATMOSPHERIC Calibration Yes 0 1
IRD_ STATIC BADPIXELMAP Calibration Yes 0 1
3.2.4.2.3 Raw frame keywords used:
none
3.2.4.2.4 Parameters:
Name Type Description Default Allowed
vals.
ird.science_ spec- string The output filename for the product. science -
troscopy.outfilename Please also see the esorex documentation spectroscopy.fits
for naming of output products.
ird.science int The collapse algorithm to use. 0 = 0 0,1
spectroscopy.coll _ alg Mean, 1 = Median.

3.2.4.2.5 Description:

This recipe creates the actual science frames for spectroscopy mode. In spectroscopy mode,
frames are not dithered and so this recipe performs a simple processing of dark subtraction and flat
fielding before using a user specified method to combine the frames. If a atmospheric calibration

is provided this is subtracted from the result.

3.2.4.2.6 Known Issues:

The recipe is not using the wavelength calibration file. In order to removethe effects of the
wavelength dependence of the flat, the recipe should reallyuse a series of flats taken at different
wavelengths and construct a ’super’ flatfrom this using the wavelength calibration file, in the same
way as this isdone for IFS. However, it is not clear if this is in fact required or if thewavelength
dependence of the flat has too small an effect on the spectroscopicdata reduction to make it
necessary to perfom this wavelength dependentcalibration.

3.2.4.2.7 Products:

’ Name ‘ Type

Description
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Name Type Description

IRD _SCIENCE FITS[Im(4)] The reduced spectroscopy frame of the
SPECTROSCOPY _ left FOV. This frame contains a full
LEFT detector image with the 2D spectrum.

The format is FITS with 4 extensions,
the actual image data, the badpixels,
the ncombmap (how many frames

contributed to each pixel), and a RMS

map.
IRD _SCIENCE _ FITS[Im(4)] Same as the above, but for the right
SPECTROSCOPY _ FOV

RIGHT

3.2.5 IRDIS Dual-Band Polarimetry (DPI) Specific Calibrations and
Science

3.2.5.1 sph_ird science dpi

3.2.5.1.1 Purpose:
Science calibration, DPI mode.

3.2.5.1.2 Input frames:

Data Type (TAG) Source Optional | Min Max
IRD_SCIENCE_ DPI_ RAW Raw data No 1 Any
IRD_ MASTER__ DARK Calibration Yes 0 1
IRD_ INS_ BG Calibration Yes 0 1
IRD_INS_ BG_ FIT Calibration Yes 0 1
IRD_ SKY_ BG Calibration Yes 0 1
IRD_ SKY_ BG_ FIT Calibration Yes 0 1
IRD FLAT FIELD Calibration No 1 1
IRD_ DISTORTION _MAP Calibration Yes 0 1
IRD STAR_ CENTER Calibration Yes 0 1
IRD_ FCTABLE Calibration Yes 0 Any
IRD STATIC BADPIXELMAP Calibration Yes 0 1

3.2.5.1.3 Raw frame keywords used:
none

3.2.5.1.4 Parameters:

Name Type Description Default Allowed

vals.
ird.science string The output filename for the product. science  dpi.fits -
dpi.outfilename Please also see the esorex documentation

for naming of output products.

ird.science  dpi.save bool Flag signalling whether additional 1 -
addprod products should be saved. These are the

individual, adi combined when required,

products for the left and right fields
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Name Type Description Default Allowed
vals.
ird.science_ dpi.save__ bool Flag signalling whether intermediate 1 -
interprod products should be saved/kept on disk.
These are the prime starting points for
independent differential analyses with
third-party software!
ird.science string The output filename for the product. science_ dpi_ -
dpi.outfilename _ left Please also see the esorex documentation left.fits
for naming of output products.
ird.science string The output filename for the product. science_ dpi_ -
dpi.outfilename __ right Please also see the esorex documentation right.fits
for naming of output products.
ird.science_ dpi.coll _ int The collapse algorithm to use. 0 = 1 0,1
alg Mean, 1 = Median.
ird.science  dpi.use bool Flag to control usage of ADI 0 -
adi
ird.science_ dpi.use_ bool Flag to control usage of SDI 0 -
sdi
ird.science_ dpi.keep bool Has no effect. Use the save interprod 0 -
fctable option instead.
ird.science_ dpi.minr double The minimum radius of the annulus 4.0 0.0-512.0
used to renormalise the flux for SDI.
ird.science  dpi.maxr double The maximum radius of the annulus 40.0 0.0-512.0
used to renormalise the flux for SDI.
ird.science_ dpi.full_ bool This sets whether speckle frames should 1 -
frameset _ speck be calculated per cube (if set to FALSE)
or for the full set of frames (TRUE,
default)
ird.science int Transform method to use. 0 is FFT, 1 is 0 0,1
dpi.transform _ method CPL_WARP (interpolation).
ird.science_ dpi.filter_ int FFT filter method to use. 0 is none, 1 is 0 0,1,2,3
method top hat filter, 2 is Fermi filter, 3 is
Butterworth filter.
ird.science_ dpi.filter_ double Radius for FFT top hat and Fermi 0.0 0.0-1.0
rad filters. A non zero value leads to
suppression of high frequencies in the
fourier domain before frame
combination. The value expresses the
minimum unsuppressed frequency as
fraction of total frequency domain
radius (a value of 1 would suppress
essentially all frequencies).
ird.science_ dpi.fermi__ double The temperature parameter for the 0.0 0.0-1.0
temp Fermi filter.
ird.science double The pass band frequency for the 0.0 0.0-1.0
dpi.butter  pass Butterworth filter, as fraction of total
frequency domain radius.
ird.science double The stop band frequency for the 0.0 0.0-1.0
dpi.butter _ stop Butterworth filter, as fraction of total
frequency domain radius. This must be
larger than the pass frequency.
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3.2.5.1.5 Description:

This recipe creates the reduced science frames for all science observations with IRDIS in DPI
mode. The recipe is essentially identical to the DBI science recipe, except that the final result is
saved as as I and P frames (rather than left and right field of views). Please see the description of
the IRDIS DBI recipe for more details on the processing.

3.2.5.1.6 Products:

Name Type Description
IRD_ SCIENCE_ DPI FITS[Im(8)] The main science frame. The FITS file

contains 8 extensions: the first 4
extensions contain the polarization (P)
image, the badpixels, the rms error and
a weightmap of the polarisation. The
last 4 extensions contain the same
information for the intensity (I) image.
Note that when ADI is requested, only 4

extensions are present, containing only

the P image.

3.2.6 IRDIS Advanced Recipes for Differential Imaging

These recipes are currently being kept for future use but are not activelymaintained.They should
not be used in the present version and will most probably notwork anyway.

3.2.6.1 sph ird andromeda

3.2.6.1.1 Purpose:
Andromeda recipe.

3.2.6.1.2 Input frames:

Data Type (TAG) Source Optional | Min Max
IRD_ ANDROMEDA _RAW Raw data No 1 Any
IRD MASTER_ DARK Calibration No 1 1
IRD_ FLAT__ FIELD Calibration No 1 1
IRD DISTORTION MAP Calibration Yes 0 1
IRD_ STAR_ CENTER Calibration Yes 0 1
IRD FCTABLE Calibration Yes 0 Any
IRD_ FILTER_ TABLE Calibration Yes 0 1
IRD _PSF_ REFERENCE Calibration No 1 1
IRD _STATIC_ BADPIXELMAP Calibration Yes 0 1
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3.2.6.1.3 Raw frame keywords used:

Keyword Type Optional | Description
ESO DRS IRD DUAL FILTER double Yes The central wavelength of the filter on left. Only needed
LAMBDA LEFT if SDI requested.
ESO DRS IRD DUAL FILTER double Yes The central wavelength of the filter on right. Only
LAMBDA RIGHT needed if SDI requested.
ESO INS1 PAC X double No The dithering position in X for the frame in pixels.
ESO INS1 PACY double No The dithering position in Y for the frame in pixels.
ESO INS CPRT POSANG double Yes The rotation angle of frame in degrees.
3.2.6.1.4 Parameters:
Name Type Description Default Allowed
vals.
ird.andromeda.outfilenam¢ string The output filename for the product. andromeda.fits -
Please also see the esorex documentation
for naming of output products.
ird.andromeda.left string The output filename for the left list left _ list.fits -
filename after pre-processing. Only used if
only prep flag is set. Please also see the
esorex documentatio for naming of
output products.
ird.andromeda.right _ string The output filename for the left list right _ list.fits -
filename after pre-processing. Only used if
only prep flag is set. Please also see the
esorex documentatio for naming of
output products.
ird.andromeda.keep bool if set to TRUE the recipes internall 0 -
fctable created field center tables are not
deleted.
ird.andromeda.coll _ alg int The collapse algorithm to use. 0 = 2 0,1,2
Mean, 1 = Median, 2 = Clean mean.
ird.andromeda.clean _ int The clean mean reject pixels on high 1 0-20
mean.reject  high end.
ird.andromeda.clean int The clean mean reject pixels on low end. 1 0-20
mean.reject _ low
ird.andromeda.use _ sdi bool Flag to control usage of SDI 0 -
ird.andromeda.window _ int Window region andromeda is applied to. 428 0-1024
minx
ird.andromeda.window _ int Window region andromeda is applied to. 428 0-1024
miny
ird.andromeda.window _ int Window region andromeda is applied to. 628 0-1024
maxx
ird.andromeda.window _ int Window region andromeda is applied to. 628 0-1024
maxy
ird.andromeda.psf_ size int The size of the reference PSF. A central 32 0-128

window of this size is extracted from the
input PSF reference frame to create the

PSF reference image to use by

andromeda.
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Name Type Description Default Allowed
vals.

ird.andromeda.only bool Flag to switch off andromeda so only 0 -

prep preperatory steps are performed: these

are dark subtraction and flat fielding,
frame cropping, frame centering and

scaling (if SDI is on).

ird.andromeda.min_ double The minimum angle seperatrion to use 1.0 0.0-45.0
ang_ sep to create the image pairs for image

differencing.

ird.andromeda.rho__ double The minimum radius to search for. 1.0 0.0-200.0
min

ird.andromeda.rho__ double The maximum radius to search for. 10.0 0.0-200.0
max

ird.andromeda.filter double Filter radius for ADI frame combination. 0.0 0.0-1.0
radius A non zero value leads to suppression of

high frequencies in the fourier domain
before frame combination. The value
expresses the minimum unsuppressed
frequency as fraction of total frequency

domain radius (a value of 1 would

suppress essentially all frequencies).

3.2.6.1.5 Description:

This recipe uses the Andromeda algorithm (Mugnier et al. 2008) for planet detection. The
recipe has been implemented in C following the IDL script obtained from L. Mugnier as much as
possible. The basic reduction of raw frames follows that of the other IRDIS science recipes, in
particular dark subtraction, flat fielding and frame centering is done as for the science _dbi recipe.
Please see the science dbi recipe for more details. Andromeda can also be used in combination
with SDI by switching the use sdi flag to TRUE. The current version is only a first attempt —
please use with care.

3.2.6.1.6 Known Issues:
The recipe result if very sensitive to the input parameter choice and we believe this mayindicate
a bug somewhere. We also found that obtaining useful results on some input datais not possible.

3.2.6.1.7 Products:

Name Type Description
IRD _ ANDROMEDA FITS[Im(4)] The main science frame. The FITS file

contains 4 extensions: the image, the

badpixels, the rms error and a

weightmap. All show the whole detector.

3.2.6.2 sph_ird loci

3.2.6.2.1 Purpose:
LOCI recipe.
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3.2.6.2.2 Input frames:

Data Type (TAG) Source Optional | Min Max
IRD_ LOCI_ RAW Raw data No 1 Any
IRD_ MASTER_ DARK Calibration No 1 1
IRD_FLAT_ FIELD Calibration No 1 1
IRD_ DISTORTION _MAP Calibration Yes 0 1
IRD_ STAR_ CENTER Calibration Yes 0 1
IRD_FILTER_ TABLE Calibration Yes 0 1
IRD STATIC BADPIXELMAP Calibration Yes 0 1
IRD_ FCTABLE Calibration Yes 0 Any
3.2.6.2.3 Raw frame keywords used:
Keyword Type Optional | Description
ESO DRS IRD DUAL FILTER double Yes The central wavelength of the filter on left. Only needed
LAMBDA LEFT if SDI requested.
ESO DRS IRD DUAL FILTER double Yes The central wavelength of the filter on right. Only
LAMBDA RIGHT needed if SDI requested.
ESO INS1 PAC X double No The dithering position in X for the frame in pixels.
ESO INS1 PAC Y double No The dithering position in Y for the frame in pixels.
ESO INS CPRT POSANG double Yes The rotation angle of frame in degrees.
3.2.6.2.4 Parameters:
Name Type Description Default Allowed
vals.
ird.loci.outfilename string The output filename for the product. loci.fits -
Please also see the esorex documentation
for naming of output products.
ird.loci.left  filename string The output filename for the left list left  list.fits -
after pre-processing. Only used if
only prep flag is set. Please also see the
esorex documentatio for naming of
output products.
ird.loci.right _ filename string The output filename for the left list right  list.fits -
after pre-processing. Only used if
only prep flag is set. Please also see the
esorex documentatio for naming of
output products.
ird.loci.keep_ fctable bool if set to TRUE the recipes internall 0 -
created field center tables are not
deleted.
ird.loci.coll _ alg int The collapse algorithm to use. 0 = 1 0,1
Mean, 1 = Median.
ird.loci.clean int The clean mean reject pixels on high 1 0-20
mean.reject  high end.
ird.loci.clean int The clean mean reject pixels on low end. 1 0-20
mean.reject  low
ird.loci.use_ sdi bool Flag to control usage of SDI 0 -
ird.loci.na double The LOCI Na parameter 300.0 1.0-1000.0
ird.loci.ndelta double The LOCI Ndelta parameter 0.5 0.0-5.0
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Name

Type Description

Default

Allowed

vals.

ird.loci.w

double
PSF)

The LOCI w parameter (usually size of 2.0

0.0-50.0

ird.loci.g

double

The LOCI g parameter 1.0

0.0-5.0

ird.loci.minr

double

annulus

The minimum radius for the LOCI 50.0

0.0-1000.0

ird.loci.maxr

double

annulus

The maximum radius for the LOCI

200.0

0.0-1000.0

ird.loci.dr

double

The width of the segment annuli.

ot
[}

1.0-100.0

ird.loci.div_ scheme

int The LOCI segment divisions scheme to 1
use. 0 = NORMAL, 1 = FINE. .

0,1

ird.loci.filter _ radius

double

A non zero value leads to suppression of
high frequencies in the fourier domain
before frame combination. The value
expresses the minimum unsuppressed
frequency as fraction of total frequency
domain radius (a value of 1 would

suppress essentially all frequencies).

Filter radius for ADI frame combination. 0.0

0.0-1.0

3.2.6.2.5 Description:

This is LOCI. LOCI is the >>locally optimized combination of images< < algorithm invented
by Lafreniere and Marois.The SPHERE implementation follows the paper Lafraniere et al. (2007,
AplJ, 660) very closely. Input parameters arenamed equivalently to the parameters as the appear in
the paper.The preprocessing done before the actual LOCI algorithm is applied is the same as that
for other IRDIS science recipes (e.g. science dbi): the raw frames are dark subtracted, flat fielded
and centered. It is also possible to runSDI before LOCI, by setting the use sdi switch to TRUE.
Please see the description for the science dbi recipe for moredetails on the basic reductions. LOCI
itself is implemented as in the original paper without an special tweaks. The step of subtracting
the radial profile before LOCIis run as descibed in the paper is currently not implemented.The
final output of the recipe is a LOCI image — since no special care is taken for normalisation etc.
beware any flux determinations fromthis image.

3.2.6.2.6 Known Issues:
No support for radial profile subtraction.

3.2.6.2.7 Products:

Name

Type

Description

IRD _ LOCI

FITS[Im(4)]

The main science frame. The FITS file
contains 4 extensions: the image, the
badpixels, the rms error and a

weightmap. All show the whole detector.

3.2.7 IRDIS Workflow Summary

The IRDIS workflow is summarized in Fig.3.3(initial part) and Fig.3.4(final part).
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Figure 3.3: Initial part of the IRDIS calibration cascade (workflow).
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Figure 3.4: Final part of the IRDIS calibration cascade (workflow)
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3.2.8 IRDIS Special notes
3.2.8.1 The Instrument Model

Many IRDIS recipes list IRD INSTRUMENT MODEL frames as possible input.These are cur-
rently unavailable and and the instrument model, a set ofnumbers that describe the positions and
extents of the two FOVs on theIRDIS detector are usually stored in IRD FLAT FIELD frames
produced bythe sph ird instrument flat recipe.This is the reason why IRD FLAT FIELD
frames are usually mandatory in allhigher-order recipes.

3.2.8.2 Dark and Background Calibration

Most IRDIS recipes accept several types of dark or background products forsubtraction:

e IRD MASTER DARK
e IRD_INS_BG

e IRD_INS_BG_FIT

e IRD_SKY_ BG

e IRD_SKY BG_FIT

Some fo the recipes require that at least one dark is provided, some runalso without any dark or
background frame.For details, look at the recipe descriptions in the subsections above orat the
recipe man pages.If more than one dark / background frame are fed into a single recipe,the recipe
will select one according to the following logic:

1. it IRD SKY BG_FIT is provided, this one is chosen

2. else if IRD SKY BG is provided, this one is chosen

3. else if IRD INS BG FIT is provided, this one is chosen

4. else if IRD INS BG is provided, this one is chosen

5. else if IRD MASTER DARK is provided, this one is chosen
6

. else an error is thrown, some recipes also continue without subtractingany dark or back-
ground.

Note that the else-if chain implies that all otheres are ignored after achoice has been made.For
all dark/background products a pre-selection should be made by theuser (or any automatic envi-
ronment) to select only calibration productswith the same DIT and readout mode.For everything
axcept the IRD MASTER_DARK frames, also the filter configurationshould be matched!

3.3 IFS

IF'S offers two basic modes:

e YH
e YK

The calibration cascade (workflow) is identical for both modes.Care should however be taken that
calibration products and raw frames alwayswere taken in the same mode!
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3.3.1
3.3.1.1 sph_ifs gain

3.3.1.1.1 Purpose:
Measure the detector gain

3.3.1.1.2 Input frames:

IFS Calibrations and Science

Data Type (TAG) Source Optional | Min Max
IFS  GAIN_ RAW Raw data No 4 Any
3.3.1.1.3 Raw frame keywords used:
none
3.3.1.1.4 Parameters:
Name Type Description Default Allowed
vals.
ifs.gain.outfilename string The output filename for the product. ifs  gain_ map.fits -
Please also see the esorex documentation
for naming of output products.
ifs.gain.nonlin__ string The output filename for the nonlinearity ifs  nonlin__ -
filename map. Please also see the esorex map.fits
documentation for naming of output
products.
ifs.gain.nonlin__ string The output filename for the non linear ifs  nonlin__ -
bpixname bad pixel map. Please also see the bpix.fits
esorex documentation for naming of
output products.
ifs.gain.coll _ alg int The collapse algorithm to use. 0 = 2 0,1,2
Mean, 1 = Median, 2 = Clean mean.
ifs.gain.clean int The clean mean reject pixels on high 0 0-20
mean.reject  high end.
ifs.gain.clean int The clean mean reject pixels on low end. 0 0-20
mean.reject _ low
ifs.gain.order int The fitting order to use,