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Abstract. In the past two years, the production of ACS bias and dark calbration
reference les has become almost completely automated. Blding upon some code
and lessons learned from the automated production of STIS rference les, the ACS
bias and dark frames are automatically identi ed in the HST scheduling database
and retrieved from the archive as soon as they are availablerothe ground. A
number of formerly manual steps were also written in IRAF sciipts, converted into
PyRAF format, and strung together using the OPUS pipeline architecture. Routine
collection of more and better image statistics has also beeimplemented, and these
are now used in quality control along with inspection of the images. An archive of
these statistics and the daily darks has been created, incporating the les from
each new biweekly period. At the same time, a series of scriptare run on the raw
bias les and the daily darks to perform statistical analysis of read noise value, bias
level, dark rate, and hot pixel population. The results are gored in databases that
are used for longer-term trend analysis in order to better claracterize the WFC and
HRC cameras' performance and the e ects of radiation damageetc. as the detectors
age. This document signi cantly updates ACS ISR 04-07 by Mutchler et al. (2004).

1. The Automated Process and Delivery of Files to OPUS and the Archive

The automated process has been derived from previous experice in building STIS CCD
bias and dark reference les automatically (Swam, Goudfrodj, & Diaz-Miller 2002). It
begins with the checking ofHST observation planning and scheduling information, searchig
for the scheduling of ACS CCD anneal observations, and couimg the number of days since
the previous anneal. The scheduling and execution of an an triggers the formation of
a biweekly period which covers all the dates going back to théboundary of the previous
biweekly's data. For data taken after an anneal, the schedw-checking and counter functions
determine when the next biweekly boundary (more or less halfray between anneals) will
be set. If the schedule-checking monitor sees a new anneahsduled, then the number of
days since the last one is calculated and the software triesotdivide the period up as evenly
as possible. Alternatively, if a long enough time passes ando new anneal is seen in the
schedule, the counter function counts up to a maximum numberof days, creates a new
biweekly boundary, and triggers the formation of a new biweé&ly.

At the formation of a new biweekly period, an archive requestto the MAST (Multi-
mission Archive at Space Telescope) archive is then automatally generated which requests
all the raw biases and darks which were taken during the perid of the biweekly. The data
is automatically retrieved and copied via ftp to short-term storage and processing areas on
the machine where the routine working directories reside.
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The automated creation of the reference biases and darks timeensues, and includes
these basic steps, plus the last (mostly manual) step of visally inspecting images, checking
statistics, and checking for FITS compliance, etc.:

1) Combine weekly biases into biweekly superbiases for eadmin, checking the rms
of each ampli er qguadrant, making a median-smoothed versia of the superbias for visual
quality assurance (QA) inspection, making a DQ (data quality) image or array of bias
features with ag 128, taking statistics on bias ag counts, and updating the image header
keyword content for TITLE, DESCRIP, and CCDAMP.

2) Make more binned, smoothed, mosaiced bias images and DQ maics for easier QA
inspection, plus bias pro le plots and more statistics for further review.

3) Combine two weeks of \daydarks" (multiple raw darks are taken about every other
day and are combined on a per day basis to make daydarks for tts@ days) into one higher
S/N \basedark"; correct residual bias o set between quadrants; set DQ arrays to zero;
set header keywords for USEAFTER and PEDIGREE, selecting dées and times from
earliest raw darks to use as the USEAFTER in subsequent scrigg and processing. (The
USEAFTER is important for determining which is the best reference le for calibrating
data based on date and time of observation, and the PEDIGREE @lineates the range of
observation dates of les which contributed to the superbias or superdark reference le.)

4) Make reference superdarks by adding daily hot pixels frondaydarks to copies of the
basedark using a preset threshold for replacement of pixelsset header keyword contents
for PEDIGREE, USEAFTER, etc., and zero out dark DQ arrays again.

5) Flag warm and hot pixels, and pixels trailing hot pixels which contain deferred
charge due to CTE degradation. Speci cally set ags for hot pixels (16), CTE tails (32),
warm pixels (64), and saturated pixels (256), adding all to DQ arrays; take statistics on
dark SCI (\science" image) arrays and on DQ arrays, storing hem in the long-term archive
on another machine.

6) Produce more binned, smoothed, mosaiced dark images fomasier inspection and
still more statistics for further review. Automatically co py these additional statistics les
and the daily darks to the long-term storage directory on andher machine.

7) Check nal image statistics, comparing to previous biwedly, visually inspect im-
ages, check header keyword content for USEAFTER, PEDIGREE,DESCRIP, TITLE, and
etc., and do preliminary format checks, verifying the new syperbiases and superdarks for
compliance with FITS standards. If OK, give to the Calibrati on Database System (CDBS)
group for generation of SQL and additional records for datalase population and delivery
to the OPUS pipeline and the MAST archive for routine use and nclusion in the OPUS
processing pipeline and on-the- y-reprocessing (OTFR) rguests.

A simpli ed schematic of the process is shown in Figure 1, anch sample OMG (process
control) screen is shown in Figure 2.

2. Statistics Automatically Taken for Quality Assurance (Q A)

During the routine automated processing of the reference laises and darks, we take a
variety of standardized statistics which are used for QA cheking of the data from the latest
biweekly against that of the previous biweekly, and againstthat of even earlier biweeklies
if necessary. These statistics, along with the daily dark inages used to make the reference
darks, are copied to a storage disk on another machine for usa long-term trend analysis,
etc. The statistics include Npix counts for hot and warm pixels, CTE tails, and the like for
both SCI arrays or images (biases and darks) and their DQ arngs. We also visually inspect
the images.

Figure 3 shows a tkdi screen with side-by-side comparison bstatistics from two dif-
ferent biweeklies. Figure 4 shows a typical binned, smootttt mosaiced (to enhance subtle
features for further quality assurance checking) bias and drk image, respectively.
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Figure 1: Schematic showing how the automated process supps users.

3. Long-Term Monitoring and Trend Analysis

As an integral part of processing, the daily darks and a vari¢y of statistics collected on the
data are copied to a storage disk on another machine. There, suite of IDL scripts are run
on the raw bias les and daily darks to measure bias level, red noise, dark current, hot
pixels, and cosmic ray contamination. Two di erent databases are populated - the rst for
bias level and read noise, and the second one for the dark cuant and hot pixels. Graphical
routines read the databases and allow a quick comparison ohe statistics for the current
biweekly dataset and all previous data. Hot pixel growth cantherefore be well-monitored as
well as the overall trend in dark current. The comparison with historical datasets not only
allows us to have an instantaneous snapshot of the detectorsondition, but also allows us
to identify various changes in a timely manner. For example,in June 2004, the read noise
in WFC ampli er A increased by almost 1 e (rms). Timely discovery of similar problems
is essential to plan new calibrations and to notify users of igni cant problems.

Figure 5 shows the aforementioned example of read noise jump WFC Amp A, and
the concurrent read noise for WFC Amp B which shows no read nae jump. Figure 6 shows
the total number of WFC1 hot pixels versus day and anneal dats (vertical dashed lines)
since launch, and Figure 7 shows the dark rate evolution verss time for the HRC CCD.
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| File Edit Manage View Tools Help
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0SFs

time_stamp I dataset | data_id | dcf_num [ obs_cmd [RECOVE[SF[KE[BOROFL] ... [sv[DE
2005 07/02 01:16:32 all_ia_L0370_kE biwkl ab ] _ _ _ _ _ _ _c_«c _|+
2005 07102 02:01-04 all_bia_L0370_Kf biwk2 ah ] _ _ _ _ _ _ _=&_«t _
2005 07/16 04:42:59 ias_wl_10370_kf biwl i ] cccecen _ _ _ _¢
2005 07716 080325 all_ia_L0370_kE biwk3 ab ] _ e _«t _
{2005 07716 12:44:16 bias_h2_10370_kf biwk3 fbi ] cceccen _ _ _ _¢
12005 07716 12:44:19 bias_hd_10370_If biwl ibi ] ccecececn c
12005 07716 12:4421 ias_w2_10370_k{_biwk3 fbi 000 cccecen _ _ _ ¢
2005 07716 12:44:23 datk_h2_10370_Kf biwl3 dk ] cccceccccecccc
2005 07716 12:4426 dark_wl_10370_kf_biwl3 dlc ] cceccecccecectoc
2005 08102 0031213 biss_h2_10370_IF biwkl jbi 000 cccecen _ _ __¢
2005 02/02 0031:15 ias_hdl_10370_If biwkl b ] ccccen _ _ _ _¢
{2005 0802 0031018 bias_wl_10370_If biwkl jbi ] ccececen _ _ _ _¢
2005 0802 00:31:20 isg_w2_10370_If biwkl fbi ] ccececen _ _ _ _¢
200508102 00:31:22 datk_h2_10370_1_biwkl dk ] cccceccccccc
2005 D802 003125 dark_wrl_LO370_If hiwkl dk ] cceccecccecctce
2005 0802 01:10:37 all_hia_L0370_If biwkl ab ] L _ _ _ _ & _«¢ _
2005 08/11 03:53:39 ias_wl_10370_If biwk2 b ] cccecen _ _ _ ¢
2005 08711 06:53:45 bias_het 10370 If biwk2 fbi ] ccececen _ _ __¢
12005 08711 06:53:47 bias_w?2_10370_If biwl? ibi ] ccececen _ _ _ _¢
2005 08/11 06:53:50 dark_h3_10370_K biwk2 dk 000 CCtcccCccecCeocceococ
2005 0211 06:53:52 datk_wl_LO370_If biwk2 dk ] cccceccccecccc
{2005 08711 080323 all_bia_L0370_If biwk2 ah ] _ _ _ _ _ _ _&_«t_
2005 08/11 12:58:04 iag_h2_10370_If biwkd jbi 000 ccececen _ _ _ _¢
2005 02727 12.08:29 bias_h2_10370_mi_biwkl b ] ccccen _
2005 08727 120831 bias_he_10370_mf_hiwkl jbi ] ccececen _ _ _ _ _
2005 08727 12:08:34 iag_wl_10370_md biwkl fbi ] cccececn _
2005 02727 12.02:36 ias_w2_10370_m_biwkl b ] ccccen _
2005 08727 12:08:39 dark_h2_10370_raf_biwkl dk ] cceccecceccecC _
2005 08727 12:08:41 dark_wl_10370_mf_biwkl s ] CCCECCCCCCCC _
2005 08727 1235:14 all_ria_L0370_maf_biwkl ab ] _ e _«© _
2005 09102 23:58:46 bias_wl_10370_mf biwl2 i ] ccececen _ _ _ _ _
2005 09/09 07:55-18 all_bia_{0370_mof_biwld ah ] _ _ _ _ _ _ _ & _«c _
2005 09/09 13.02:43 ias_h2_10370_mf biwk2 fbi 000 cccecen _ _ _ _ _
2005 09/09 13:02:45 bias_hdh 10370_mf biwk2 b ] ccecceccecn _
2005 09/09 13:02:48 bias_w?2_10370_mf_ biwld ibi ] cceecen _ _ _ _ _
2005 09/09 13:02:50 dark_h2_10570_mf_biwk2 ik 000 CCCECCCCCECCC _
2005 09/09 13.02:53 datk_wl_10370_mf_biwk2 ik 000 Ccccececceccecececoc _
DSFs: 182c, 16e, Bother, 206 total
09/22.15:20:51-1-Status:  182c, 16e, 8other, 206 total Log "

Figure 2: A sample OMG (process control) screen.
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Figure 3: A tkdi screen showing a side-by-side comparison b statistics for successive
biweeklies.
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Figure 4: Superbias (top) and superdark (bottom) for the ACS Wide Field Channel (WFC).
These images are binned and smoothed to enhance subtle fea#s. The two CCD chips are
also mosaiced to show their relative orientation, includirg the interchip gap and overscans.
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Figure 5: An example of read noise jump in WFC Amp A and no concurent read noise
jump in WFC Amp B.

Figure 6: WFCL1 total hot pixels per day since launch, showinganneal dates with vertical
dashed lines.

Figure 7: Evolution of dark rate over time for the HRC CCD.



