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1 INTRODUCTION

The Synphot software package is a powerful tool used by the general
observers to help both with the absolute calibration of their data and the
preparation and optimization of their observations. It simulates photometric data
and spectra as it is observed by HST. It predicts count rates, computes the
photometric calibration and examines photometric transformation relationships
for any available HST instrument mode as well as conventional photometric
systems, such as Johnson UBV. It is also a powerful spectrum calculator that can
create complicated composite spectra from various parameterized spectrum
models, grids or model atmosphere spectra, and atlases of stellar
spectrophotometry. A further advantage of this software is the simplicity with
which users can incorporate their own filters, spectra, and data; making it useful
not only to HST observers but to the astronomical community in general.
Furthermore, given the versatility of this tool and the ability to predict countrates



and generate dynamically the response for most of the HST modes, Synphot is
the core of the Exposure Time Calculators (ETC) applications for all the current
instruments.

Synphot was designed with a unified approach to storing, documenting, and
applying these data to make predictions about all the HST observing modes.
Given the very large number of different observing modes (i.e., camera + filter +
aperture combinations) available on the HST observatory, it was recognized
early on that measuring and calibrating the throughput of every possible mode
was simply not practical to do on-orbit (i.e. too much of a waste of precious
observing time). Fortunately, calculating passbands for all modes is possible
because the IDT’s and OTA team had obtained characteristic curves for all the
components in the optical train. Standards were defined for the structure of
throughput tables to be stored in CDBS and the first incarnation of the Synphot
software, called "XCAL", was born in about 1986, written in Fortran by Keith
Horne. The responsibility for the creation and maintenance of the throughput
data, and their storage as tabular data in CDBS, was given to the instrument
teams, since they were the most familiar with their hardware and its
performance. While the software has evolved over the years, the basic working
philosophy of the system and its architecture is largely the same (has to be for
the sake of backwards compatibility with 1st generation instrument data).

However, the versatility of the Synphot software, its connection with different
systems, and its dependency on readily and accurate information from different
groups can make the management of the data quite complicated. While the
maintenance of the software is responsibility of the Science Support Group, the
data is maintained by several teams, working sometimes in different technical
areas and quite independently.  Lately, with the increase of deliveries of Synphot
data files and the possible use of the software by JWST, it has become evident
that some of processes currently in place have to be clarified and that new
procedures and guidelines have to be defined in order to make sure that the
system is maintained current and accurate, even when these depend on the
work and information provided by different groups.  This is in particular important
for the ETC tool, which is used by the GOs to prepare observations and therefore
the accuracy of its predictions are important for the health and safety of HST.

In this document we identify these problems and propose solutions to better
coordinate the process of updating and maintaining the Synphot package and
its data files. In section 2 we first describe the affected components of the
Synphot package and how they are used at STScI. In section 3 we summarize
how the different groups are currently involved in the maintenance of the
Synphot package. In section 4 we describe the current issues and propose
mechanism for change. Finally, in section 5 we make some clarifications.

2 HOW SYNPHOT WORKS AT STSCI?

The Synphot package is an IRAF-based suite of programs that, using data files



stored in CDBS, dynamically generates the throughput of all the HST observing
modes. There is no information of any of the calibration modes contained within
the software, making it easy to maintain and to change or add new modes by
simply modifying the data files. The programs that constitute the Synphot
package are distributed as part of STSDAS. The data files that Synphot needs for
its calculations, on the other hand, are distributed separately. These are grouped
together by file type (component throughput files and graph and component
lookup tables; stellar and galactic models; Kurucz 93 stellar files; HST calibration
standard stellar spectra, psf images) and available for download from the
Synphot web site.

Furthermore, the ETC tool relies heavily on the Synphot software package as its
throughput calculator. It requests photon count rates from Synphot for each term
in the S/N or Exposure time equation. It also supports a list of spectral distributions
within the Synphot package: Kurucz models, HST calibration standard star
spectra (Wds), non-stellar objects (typical examples of elliptical or Seyfert
galaxies, Orion and planetary nebula), and QSO spectra.

All the information that Synphot needs to compute the throughput of an
instrument mode, is contained within three types of data files:

1. a observatory configuration graph table or better known as “the
master graph” table (hereafter referred as TMG). This is a FITS table that
describes which component files should be combined to find the
throughput of the instrument configuration. Its format maps the light
path for all the allowed instrument modes as it travels through the
spacecraft.

2. a master component lookup table or better know as “the master
component” table (hereafter referred as TMC) with information on the
physical location of the component throughputs data files, and

3. a set of component throughput data tables for every optical
component (e.g. OTA, mirror, filter, polarizer, disperser, detector) used
in HST and supported photometric bandpases.

In this framework, a particular observing mode is specified by a list of keywords,
which might be familiar names of filters, detectors, and gratings. These keywords
are used to trace a path through the TMG table, thereby translating the keyword
list into a list of pointers to data files that contain the individual component
throughput functions.  The grand throughput function is then formed by
multiplying together the individual component throughputs at each wavelength.

Figure 1 shows an example of how the data files are located. In this example the
Synphot parametrized string “showfiles stis,fuvmama,mirror” is broken in separate
keywords (stis, fuvmama, mirror) that are used to identify the component names
in the TMG file (extension _tmg.fits). The TMG file has five columns, which contain
the component name (COMPNAME), instrument keywords (KEYWORD), innode



value (INNODE), outnode value (OUTNODE) and comments (COMMENT). To find
the components of a given instrument configuration, the value of the outnode is
matched with the row that has the same innode value, starting with the lowest
innode value. If there are several rows with the same innode value the row with a
keyword that matches any of the keywords of the instrument configuration is
selected.  If there is no matching keyword, the row with the keyword “default” is
selected. On the other hand, if there is only one row for the given innode value,
this unique row is selected by default. The broken arrows in Figure 1 illustrate how
the selection is done for the above example. Once that all the component
values have been identified, the physical location of the corresponding
throughput component file is extracted from the TMC file (extension _tmc.fits).
This is done by matching the component name column in both tables. The TMC
file has four columns, these columns contain the time in which the individual
component file was created (TIME), the component name (COMPNAME), the
path to where the STSDAS file is stored (FILENAME), and comments pertaining to
the file (COMMENT). The time and comment columns are not used by the
Synphot task, these are included for documentation only (see section 5.1) and to
simplify the delivery of new Synphot tables to the Calibration Data System
(CDBS).

  Figure 1.  Component throughput data file selection



3 WHO IS IN CHARGE OF MANAGING THE SOFTWARE AND THE

SYNPHOT DATA FILES AND HOW THEY ARE USED?

The Synphot  software is maintained and tested by Science Support branch
(SSB), while the management  and delivery of instrument related Synphot data
files to the CDBS, OPUS and ARCHIVE databases, when applicable, is
responsibility of the instrument groups.

The synphpot software is used by current and heritage HST instruments: ACS, FGS,
FOC, FOS, GHRS, HSP, NICMOS STIS, WF/PC-1, and WFPC2. The current
instruments: ACS, NICMOS, STIS (closeout), and WFPC2, update these tables on a



regular basis, though the frequency varies from instrument to instrument:

1. ACS updates the Synphot throughput component tables quite frequently.
Being the newest instruments in HST, it is still performing inflight calibration
of several of its observational modes and the corresponding throughput
component tables are updated as data becomes available. A set of
these Synphot files, in particular the detector sensitivity and spectral
element component throughput tables, are used in the CALACS pipeline
to populate photometric keywords. Therefore, the Synphot data files are
delivered not only to the CDBS database for its use within STSDAS, but also
to the OPUS and ARCHIVE databases for their use in the pipeline and for
GOs retrieval.

2. NICMOS makes much less frequent updates of the Synphot files and it
does not use them directly in the calibration pipeline. Instead, the Synphot
package is used to create the Photometric Calibration Table, which is
called within the NICMOS pipeline software to populate photometric
header keywords. In any case, all the Synphot data files are sent to the
OPUS and ARCHIVE databases. Also, this instrument is the only one that
uses a special type of Synphot file that works in ways similar to the master
component table. It is used by the Synphot  THERMBACK task that
computes the thermal background count rate for an observing mode.

3. STIS, like NICMOS, does not use Synphot files in the OTFR calibration
pipeline and the files are not stored in the ARCHIVE or OPUS databases.
Instead, Synphot files are updated using the data from pipeline reference
files. This, however, does not occur simultaneous and there are times when
the pipeline has more up to date data than Synphot.

4. WFPC2, like ACS, uses some of the Synphot tasks to update data headers
in the pipeline; therefore, these are delivered to the CDBS, OPUS and
ARCHIVE databases.  These files are rarely updated.

5. HST optics files, like the OTA table, are cross instrument files that describe
the HST throughput. These are rarely updated and their maintenance is
not assigned to any group in particular.

In addition to instrument and HST component data files, there is a suite of useful
ancillary information that can be used with the Synphot package (some used by
the ETC tool):

• The standard filter system passbands like ANS, Baum, Bessell, Cousins,
Johnson, KPNO, Landolt, Steward, Stromgren and Walraven bands.

• HST calibration Target Spectra like Vega, Sun, QSO, earthshine, zodiacal
light. (The last two not part of the Synphot list of files yet, but should be
include.  Those are used by all the instruments via the ETCs.)

• Busher-Kurucz 1986 and Kurucz 1993 stellar athmosphere models.



• Bruzual Spectrum Synthesis atlas and Gunn-Stryker, Bruzual-Person-Gunn-
Stryker, and Jacoby-Hunter-Christian Spectrophotometry atlases

• Bruzual-Charlot and Kinney-Calzetti Atlases of galaxy spectra

• AGN Atlas

These tables, although available in STSDAS for use with Synphot, are not directly
linked to any working group at the Institute and therefore are rarely updated.
Figure 2 shows how Synphot is connected to different areas of work at the
institute.

Figure 2.  Synphot at STScI

4 WHAT ARE THE ISSUES?

In the current system, the groups in charge to maintain the individual aspects of
Synphot package work quite independently, each adopting procedures
according to their knowledge and involvement with the system. This have lead
to divergences on the way the Synphot software is used an maintained by the
different instrument groups and does not provide support for all the data used by
the software. Given the connection of Synphot with different systems, like ETC, as
well as its dependency on readily and accurate information from different



groups via the data files, it is important to all of them to understand how the
system works and how it should be implemented, tested, and updated. After an
analysis of the current procedures, four? mayor areas for improvement have
been identified:

1. define clear lines of responsibility for the analysis, maintenance, testing, and
delivery of Synphot  data files. In particular, those that are instrument
independent, e.g. passbands and spectral atlases.

2. define clear procedures to test and delivery the Synphot data files to the
CDBS and other databases.

3. assign a person to coordinate

4. define how the USEAFTER date header keyword should be used.

Before we discuss in more detail the current issues, lets first have an idea of how
the Synphot data files are ingested into the system. The first step is to create a
component throughput data table. This file should contain a set of specially
formatted header keywords, listed in TIR OSG-CAL-97-02, which are fits standards
compliant, and ensures adherence to the ICD-47 requirements. Once the
scientific validity of the file has been checked, some CDBS tools are run on the
file to make sure the file has all the needed header keywords and that those are
correctly formatted. If the component throughput table file passes all the tests, it
is delivered to the CDBS [OPUS, and ARCHIVE] database for use with the Synphot
package [and in the pipeline]. The files are also copied to the server TIB in the
science cluster, where each instrument group has a designated directory. For
each delivery, the TMC file needs to be updated with the name of the new data
file, otherwise these files won’t be used even though they are in the system. Since
this TMC file contains information for all the HST configurations as well supported
photometric bandpasses, this file is used and updated by any of the groups
delivering files to the Synphot system. Therefore, to make sure that information
from other groups are not overwritten, this file has to be updated only
immediately after the component throughput table has been delivered (the
details on how to update this files will be discussed later). Once that this file has
been updated, the same set of CDBS tools mentioned before are ran on this file.
If the file passes the tests it is delivered to the CDBS [OPUS and ARCHIVE]
database(s). This file is also copied to a designated directory in the TIB server. The
TMG file is not usually changed; however, if there is a new HST mode or an
existing mode needs to be modified the TMG file also needs to be updated to
describe the components of these modes. In this case the TMG file should be



tested and delivered together with the TMC file. Figure 3 shows the above steps.

Figure 3. Delivery of Synphot files

In the current system, each group or instrument team involved with the
maintenance of Synphot data files seems to have their own preference on how
to proceed with the delivery of these files. Although TIR OSG-CAL-97-02 describes
the delivery procedures, this document does not cover all the steps in detail and
in some cases does not indicate the possible implication of the choices made.
For example, some instruments use the CDBS task MKCOMPTAB to create the
TMC table, while others make the changes using an editor. Also, some groups
create the TMC file after the component throughput tables have been delivered
while others create them in advance.  Another notable difference among group
procedures is the population of the USEAFTER date header keyword for these files
(See section 4.2). Each group populates this date using different criteria: some
use the date of the creation of the file, some the date of the delivery of the files,
and some use the same date for all the files. Furthermore, there is not team or
group that currently has direct responsibility for the maintenance of cross-
instrument or non-instrument-related files. Although, several of these files have
been updated recently, there are not specific guidelines for their scientific
validation or testing procedures. It is also not clear who is responsible for signing-
off their delivery and how to notify the possible affected groups. Another case to
consider is the on-line catalogs and spectral atlases. Some are used by the ETC
calculators but have not been updated for quite some time.

 Given the connection of Synphot with different systems, like ETC, as well as its
dependency on readily and accurate information from different groups via the
data files, it is important to all of them to understand how the system works and
how it should be tested and updated. After an analysis of the current



procedures, three mayor areas for improvement have been identified:

5. define clear lines of responsibility for the analysis, maintenance, testing, and
delivery of Synphot  data files. In particular, those that are instrument
independent, e.g. passbands and spectral atlases.

6. define clear procedures to test and delivery the Synphot data files to the
CDBS and other databases.

7. define how the USEAFTER date header keyword should be used.

4.1 Lines of Responsibility and procedures.

In here we will concentrate in describing the proposed solution to the issues
mentioned above. For clarity, each of the different Synphot data files will be
addressed independently. Furthermore, following the current responsibility roles
for each of these files, the proposed procedures for updating, testing and
delivering of Synphot data files will be addressed independently and for two
main file categories; files that are instrument specific and files that are cross
instrument or non-instrument-related.

4.1.1 COMPONENT THROUGHPUT TABLE FILES:

The proposed procedures for testing, signing off and delivering of component
throughout files are:

4.1.1.2 Testing

4.1.1.2.4 Instrument specific files:
The test and scientific validation of these files are the responsibility of the
instrument teams and each of them should define methods to test their
accuracy.

4.1.1.2.5 Cross instrument files and Non-instrument-related files:
The test and scientific validation of these files; e.g. the HST OTA, stellar atlases or
conventional photometric systems are the responsibility of the Telescope Branch.
Changes made to these files could affect all the instruments and therefore the
instrument teams should be notified of the changes made to these files. Any
testing done by the instrument teams will be left to the discretion of their leads.

4.1.1.3 Sign off and Delivery:
Although in this document we will refer to the person in charge to deliver



Synphot files as the CDBS delivery person, in the current schema this should be
understood as the person assigned by each of the instrument teams (usually a
DA) or Telescope Branch to do this work.

4.1.1.3.4 Instrument specific files:
The person in charge of creating the Synphot file should deliver this file to the
CDBS delivery person using the pre-formatted form given in Appendix A of this
document. In this form the type of file delivered, the changes made and level of
change of the file, as compared to the previous file, should be indicated. This
form should be considered as the signoff of the instrument teams for the delivery
of these files. The CDBS delivery person will perform the necessary CDBS tests and
ingest the files into the CDBS [OPUS and ARCHIVE] database(s).

4.1.1.3.5 Cross instrument files and Non-instrument-related files:
The reference files lead for each instrument affected should sign off the delivery
of the throughput files using the pre-formatted form given in Appendix A of this
document. The Telescope Branch should send these forms, together with the
Telescope Branch signoff form, to the CDBS delivery person and SSB
management. The CDBS person should perform the necessary CDBS test and
ingest the files into the CDBS [OPUS and ARCHIVE] database(s).

4.1.2 MASTER COMPONENT LOOKUP TABLE (TMC):

As in section 4.1.1.2 here will refer to the person in charge to create and deliver
this file as the CDBS delivery person. In the current organization it should be
understood as person assigned by each Instrument Team and the Telescope
Brach to do this work. The proposed procedures for updating, testing, signing off
and delivering of the TMC table are:

4.1.2.2 Update:
The CDBS delivery person should update this file immediately after the
component throughput files have been delivered but not before.  This will
reduce the likelihood that changes made by other teams are lost (this in the
case of almost simultaneous deliveries).  There are two different ways to make
these changes. By directly editing the latest TMC file or by running the CDBS task
MKCOMPTAB (see Section 5.1 for more details).

4.1.2.3 Testing:
The CDBS delivery person should identifying the current changes and make sure
that those are the expected ones. For this, a new CDBS tool will be written
(hereafter referred as CDBS/differences tool). This tool should list the differences
found between the new and old TMC files. If there are other changes than the
expected, these should be investigated and understood before proceeding with
the delivery. The CDBS delivery person should contact the appropriate person(s)
of the instrument(s) affected and the delivery has to be delayed until all of the



issues have been resolved. In that case, an e-mail should be sent to the Synphot-
updates distribution list to alert the instrument teams of the pending delivery of
the TMC table.

4.1.2.4 Signoff and Delivery:
Here we propose two options:

4.1.2.4.4 First option:
If no unexpected differences are found, the CDBS delivery person should
proceed with the routine CDBS checks and deliver the file. If there were
unexpected differences, all the groups affected should sign off the delivery of
the file in the formatted form given in Appendix A of this document. All the
instrument teams, the Telescope Branch and the SSB management should be
notified of the delivery via the Synphot-updates distribution list. The notification e-
mail should include the output of the differences found by the CDBS/differences
tool.

4.1.2.4.5 Second Option:
In all cases the CDBS deliver person should notify all the instrument teams and
the Telescope Branch of the eminent delivery of the TMC files and request sign
off via the form given in Appendix A of this documents. Once all instrument
teams and the Telescope Branch signed off, the file can be delivered and
notification e-mail should be sent to the Synphot-updates distribution list. The
notification e-mail should include the output of the differences found by the
CDBS/differences tool.

4.1.3 OBSERVATORY CONFIGURATION GRAPH TABLE (TMG):

The proposed procedures for updating, testing, signing off and delivering of the
TMG table are:

4.1.3.2 Update:
Any group that needs to add a new observation mode or change an existing
one will update this file. There is no task to update the graph table and any
changes to this file (which are quire rare) should be done with the preferred fits
file editor.

1.1.1.1 Testing:
The person delivering this file should run first the Synphot task GRAPCHECK to
make sure that the changes made to this file are valid. The changes on this file
should be compared with the latest TMG files using the CDBS/differences tool. If
there are unexpected changes, the delivery person should investigate the cause
and understand it before proceeding with the delivery. The person(s) in charge
of reference file deliveries for the affected instrument(s) should be contacted
immediately and the delivery has to be delayed until all of the issues have been
resolved. In that case, an e-mail should be sent to the Synphot-updates



distribution list to alert the other instrument teams of the pending delivery of the
TMG file. If no unexpected differences are found, the person delivering the file
should proceed with the routine CDBS checks.

1.1.1.2 Signoff and Delivery:
Here we propose two options:

1.1.1.2.1 Fist Option:
If no unexpected differences are found, the person updating this file
should delivery it to the CDBS delivery person using the formatted form
given in Appendix A of this document. If there are component throughput
tables that will be delivered with this file, the TMC table should be
delivered together with the TMG file. The CDBS delivery person should
proceed with the routine CDBS checks and deliver the file. If there were
unexpected differences all the groups affected should sign off the
delivery of the file in the formatted form given in Appendix A of this
document. In any case all the instrument teams, the Telescope Branch
and the SSB management should be notified of the changes made to the
TMG file and its delivery. The notification e-mail should include the output
of the differences found by the CDBS/differences tool.

1.1.1.2.2 Second Option:
 In all cases the CDBS deliver person should notify all the instrument teams
and the Telescope Branch of the eminent delivery of the TMG file and
request sign off via the form given in Appendix A of this document. Once
all instrument teams and the Telescope Branch signed off, the file can be
delivered and notification e-mail should be sent to the Synphot-updates
distribution list. The notification e-mail should include the output of the
differences found by the CDBS/differences tool.

5 ISSUES TO CLARIFY.

1.2 HOW THE HEADER KEYWORD USEAFTER DATE IS USED BY SYNPHOT?

The USEAFTER date keyword in the header of Synphot data files is not used by the
Synphot software or the instruments pipeline. This date is used for record keeping
by the CDBS database and used only by the CDBS task MKCOMPTAB. When the
data files are delivered to the CDBS system, the USEAFTER date is stored in the
CDBS database. When the MKCOMPTAB is called, it recreates the TMC table by
locating, in the database, those files with the most up to date USEAFTER date.
However, if it encounters more than one file with the same USEAFTER date, it will
list all of them. The Synphot software seems to be able to handle repeated



entries in the file; however, the order in which these files appear is important. If
the order is altered, the file with the greatest row number will be used by the
Synphot package, regardless of when it was delivered.

It should be noted that the Synphot software can use only one file of each
Synphot file type. This is, it cannot select the Synphot files according to their
USEAFTER date. As mentioned above, the USEAFTER date is used only by the
CDBS database to create the TMC table via the MKCOMPTAB task. Given the
robustness of the Synphot software, it is not easy to add this capability to the
software. However, a work around exists for those cases where the data of any
one type of Synphot data file needs to be parameterized. This capability has
been used in the Synphot software for quite some time, not only to parameterize
time (e.g. STIS) but also to select different locations within the detector or for the
use of different ramps (e.g. WFPC2). In this way, user-provided parameters can
be passed to the software and use them to manipulate the information of the
existent component throughput tables.

For the case when a parameterized time dependency is needed within Synphot,
the particular file has to be modified by adding new columns for the throughput
and error but using a date identifier as the column name (see Figure 4).

Figure 4.- stis_ng11_mjd_010_syn.fits file



In this case the throughput column is the default column for those cases when no
specific time is given; the columns with MJD# are the throughput for the
specified dates. The Synphot software is also modified by adding a parameter to
the Synphot  call that carries the information of the date for use in the
calculations.  For this case both the TMC and the TMG files have to be modified.
The TMG file has to have a new row with the component name plus the special
parameter associated to the date. The row with no associated parameter should
be kept too. In this way, both the original command, with no date, and that
using the date can be called. Similarly, a new row has to be added to the TMC
table. This row should have the component name that matches the entry in the
TMG file (i.e. with the date parameter) and the path to the Synphot file with
multiple columns. Also, the date parameter should be added to the end of the
file name path.  Examples of these cases are shown in Figure 5.

1.3 HOW THE TMC FILE SHOULD BE EDITED?

 The advantage of MKCOMPTAB over direct editing of the TMC files is that it is
faster when updating a large number of throughput tables and less prone to
errors. However, the person delivering the component files should make sure that
the USEAFTER date of the component throughput table is later than the previous
file delivered, e.g. the date when the file was created. Although the
MKCOMPTAB task accepts several datasets with the same USEAFTER date, it
results in repeated entries in the TMC file. This seems to not be a problem for the
Synphot software, which selects only one of the listed files. However, the order in
which these files appear is important, since the Synphot software will use only the
last of the repeated entries in the TMC file.

Although the TMC file can also be edited using a fits table editor, changes made
this way usually take longer and are more prone to errors. Furthermore, the TIME
and COMMENT columns (that documents the reason for delivery and the time
when it was delivered) could be easily left unchanged.
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Figure 5. Usage of parameterized files in the TMC and TMG tables.





7 APPENDIX A

CDBS Delivery Form

Name:

Date:

Instrument:

Calibration type of file (e.g. bias, pht,etc.):

Verification complete? (fitsverify,certify,etc.):

What is the level of change compared with the old file? (e.g. 1%, 5% etc.):

Description of how the files were "tested" for correctness:

Data description and disk location:

Reason for Delivery:

Instrument affected by these changes:

Comments

Sign off  by (attach all that apply):


