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ABSTRACT

The parameters required for the extraction of one-dimensional spectra from
two-dimensional spectral images for the new central wavelength mode
G140L/800/FUVA were derived from calibration programs executed in 2018 June.
“COS FUV G140L/800 Flux Calibration and Cross-Dispersion Profile” (PID 15483)
targeted the flux-standard helium white dwarf WD 0308–565, and “COS FUV
G140L/800 Lamp Template” (PID 15484) comprised a sequence of observations of the
internal platinum-neon lamp. The values derived were then incorporated into the
updated reference files XTRACTAB, required for BOXCAR extraction, and TRACETAB,
PROFTAB and TWOZXTAB, required for TWOZONE extraction. In this ISR we
describe the the data analysis, present the resulting extraction parameters, and discuss
their validation and incorporation into the new reference files.
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1. Introduction

Far-ultraviolet (FUV) spectra obtained with the Cosmic Origins Spectrograph (COS),
after a series of calibration steps, are registered as two-dimensional (2D) spectral
images, from which scientifically usable one-dimensional (1D) spectra are then
extracted (Rafelski et al. 2018). In the COS calibration pipeline (CalCOS), there are
two methods available for extracting 1D spectra: the BOXCAR and the TWOZONE
algorithms. The BOXCAR algorithm collapses the data within a parallelogram of a
fixed height in the cross-dispersion direction. The TWOZONE algorithm, introduced
when COS was moved to lifetime position (LP) 3 in 2015, uses a variable extraction
height, which follows contours based on a defined enclosed energy (EE) fraction
(usually 99%) of a straightened, aligned 2D spectral image. While the BOXCAR
algorithm rejects columns containing pixels flagged with a serious data quality (SDQ)
flag (e.g., gain-sagged or dead pixels), the TWOZONE algorithm does so only if such a
pixel is within an “inner zone” centered on the target spectrum and including, usually,
80% of the flux. The motivation for introducing the TWOZONE extraction algorithm
and the details about its implementation are described by Proffitt et al. (2015).

This document describes the derivation of the spectral extraction parameters, their
incorporation into the reference files, and their validation for the central wavelength
(cenwave) setting G140L/800, one of two new modes offered for COS observations
in Cycle 26. The mode places the wavelength range from 800 to 1950 Å on detector
segment A, and observations are obtained with segment B turned off. Wavelengths
shortward of approximately 1100 Å fall on a region of the detector where the astigmatic
height is small, which results in the background being significantly reduced at these
wavelengths compared with the G140L/1280 mode. The primary scientific motivation
for the mode is to enable the observation of faint sources at these short wavelengths.
The cenwave 800 mode is discussed more at length in the report on the focus-sweep
program (Sankrit et al. 2019). The dispersion solution and flux calibration for cenwave
800 are described in accompanying reports (Fischer et al. 2019a,b).
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1.1 Overview of the Reference Files used for Spectral Extraction

The parameters used by the BOXCAR algorithm are stored in the spectral extraction
reference file (XTRACTAB). It includes information that defines the locations of all four
COS apertures: the Primary Science Aperture (PSA), Bright Object Aperture (BOA),
Wavelength Calibration Aperture (WCA), and Flat-field Calibration Aperture (FCA).
The offset between the PSA and WCA in the cross-dispersion direction is required in
the WAVECORR step of the pipeline and is obtained from the XTRACTAB reference
file. The locations of the BOA and FCA in the XTRACTAB reference file are the same
as the PSA and do not need to be independently derived.

The straightening and aligning required by the TWOZONE algorithm introduce
two additional calibration steps, TRCECORR and ALGNCORR, respectively. The
trace correction (TRCECORR) applies offsets to the YFULL coordinates in the cross-
dispersion direction to each column so that the flux-weighted centroids fall on the
same row. The alignment (ALGNCORR) is done by collapsing the straightened image
along the dispersion direction, comparing it with a similarly constructed profile from
a template image, and applying an offset in the cross-dispersion direction so the flux-
weighted centroids of the measured and template profiles match. The trace correction
reference file (TRACETAB) contains the array of offsets required to straighten the
image, and the 2D spectrum profile reference file (PROFTAB) contains the template
image. Also required is the two-zone extraction reference file (TWOZXTAB), which
contains the location of the template profile center-row, the height, which is assumed to
enclose 100% of the energy, and the EE values for defining the extraction region (“outer
zone”) and the DQ-flagging region (“inner zone”).

2. Datasets

Data obtained in the “COS FUV G140L/800 Flux Calibration and Cross-Dispersion
Profile” (FP) calibration program (PID 15483, PI R. Sankrit) were used to derive most
of the spectral extraction parameters. The slope and height for the WCA, which are
included in the XTRACTAB reference file, were obtained from the “COS FUV
G140L/800 Lamp Template” (LT) calibration program (PID 15484, PI C. Magness).
The FP program targeted the flux-standard helium white dwarf star WD 0308–565,
which was observed at all FP-POS settings. The general requirement for deriving
traces and profiles for COS modes is a relative accuracy of 2% in the
spectroradiometry, which implies a required S/N of 50 per resolution element.
Attaining this goal at the short-wavelength/low-throughput region below 1150 Å would
take an unreasonably large amount of time and substantially shorten the detector
lifetime. Therefore, based on the flux calibration requirement of S/N≈ 20 in 100 pixel
bins below 1100 Å (see Fischer et al. 2019b for details) we specified a total exposure
time of 1450 s. The S/N achieved matched the expectations and was sufficient to derive
accurate profiles. The statistical errors associated with the profiles are discussed in
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Appendix A. Further details about the FP observations are given in the report on the
flux calibration of the cenwave 800 mode (Fischer et al. 2019b). The LT program
consisted of a series of observations of the PtNe lamp, which provide a high
signal-to-noise spectral template used to determine pixel offsets in the dispersion
direction for wavelength calibration. The LT observations for cenwave 800 are
described in detail in an accompanying report (Magness et al. 2019).

3. Data Analysis

The spectral parameters required for the BOXCAR and TWOZONE algorithms were
derived using well-established methods, which have been used for other modes at LP4
and at earlier lifetime positions. In the case of existing modes at LP4, described by
Rafelski et al. (2019), all the steps from analysis to the creation of reference files were
accomplished by scripts with minimal need for intervention. However, the G140L/800
mode is unique in that the wavelength range of highest scientific importance (912–
1100 Å) is also where the count rates are low, because of a sharp drop in throughput
due to the cutoff in reflectivity of the MgF2/Al primary mirror. This presented some
challenges and required us to implement each step separately. We developed new
scripts for obtaining the XTRACTAB parameters. For the TRACETAB and PROFTAB
analysis, we used the existing scripts but ran them interactively, modifying the input
parameters to account for the special characteristics of the cenwave 800 mode. The
TWOZXTAB comprises a set of parameters with values in common with the PROFTAB
(center) and XTRACTAB (heights and backgrounds) and does not require any separate
analysis.

The following subsections each deal with one reference file. Detailed descriptions
of their contents may be found in Section 3.7 of the COS Data Handbook (Rafelski et
al. 2018).

3.1 XTRACTAB: 1D Spectral Extraction Reference File

For each combination of segment, mode (defined here as a combination of grating
and cenwave), and aperture, the XTRACTAB file contains the slope and intercept (in
YFULL coordinates) of the centerline of the extraction region and its height (in pixels).
These are in columns SLOPE, B SPEC, and HEIGHT, respectively. The other data
columns in the file are the intercepts and heights for two background regions and a
smoothing parameter to be applied to the backgrounds: B BKG1, B BKG2, B HGT1,
B HGT2, and BWIDTH, respectively.

We used the FP-POS = 3 observation of the FP and LT programs to derive the
parameters and observations obtained at the other FP-POS to validate the results. The
first step was to calibrate the FP data by running CalCOS (v3.3.4) on the raw data files
(*rawtag a.fits) to obtain corrected events lists (*corrtag a.fits). Since
only these corrtag files are required, the following major steps in the pipeline were
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changed from the default “PERFORM” to “OMIT”: FLATCORR (flat-field
correction), HELCORR (heliocentric Doppler correction), X1DCORR (1D spectral
extraction), BACKCORR (background subtraction), WAVECORR (wavelength
zero-point adjustment), and FLUXCORR (flux calibration). Spectral images were
created from the corrtag files by assigning the weight for each event, screened to
include only those with pulse height in the range (2–23), to the appropriate pixel in
XCORR, YCORR coordinates. The images for the LT data were created using a
similar algorithm (Magness et al. 2019).

We first derive the SLOPE and B SPEC values in the XTRACTAB for the PSA.
The spectrum of WD 0308–565 at FP-POS = 3 extends in the dispersion direction
between XCORR = [2600, 15220]. The lower value corresponds approximately to the
Lyman limit (912 Å) below which there are no counts due to absorption by interstellar
hydrogen, and the upper value, to the edge of the well-calibrated region on the detector.
To check the maximum extent of the flux in the cross-dispersion direction, we
collapsed the spectrum along the dispersion direction and found that > 99.9% of the
counts were between YCORR = [350, 500], which is consistent with the other modes at
LP4. We took these values as the absolute bounds for the spectrum in the
cross-dispersion direction. The 2D image was divided into eight independent bins
along the dispersion direction, with the bins selected to avoid the geocoronal Lyα
(since it fills the aperture) at XCORR = [6300, 6600] and a bad-pixel region at
XCORR = [11500, 11600]. The data were collapsed along the dispersion direction in
each bin, and the flux-weighted centroids in the cross-dispersion direction were
calculated. The bin centers (XCORR) and flux-weighted centroids (YCORR) were fit
with a straight line to obtain the slope and intercept for the PSA. The resulting
SLOPE =−1.5145×10−4, and B SPEC = 433.81. The bin edges, centroids, and the
best-fit line are shown in Figure 1.

After deriving the SLOPE and B SPEC values for the PSA, the background
regions were identified, taking into account the finding of a region of enhanced
background near the edges of the active area on detector segment A and the consequent
move of background region 1 to a position above the WCA (Dashtamirova et al. 2019).
The resulting values were as follows: B BKG1 = 580 and B BKG2 = 615, with
B HGT1 = B HGT2 = 31 pixels. As for all other modes at LP4, BWIDTH = 100 was
used for cenwave 800.

The HEIGHT parameter for the PSA extraction box was determined from a
manually created background-subtracted 2D spectrum of WD 0308–565. This
spectrum was divided into the same eight independent bins as for the slope/intercept
analysis. The data were collapsed along the dispersion direction in each bin, and the
flux-weighted y-centroids (between YCORR = [350, 500]) were determined for each
bin. Also, for each bin, the cumulative distribution of counts along the cross-dispersion
profile was used to identify the YCORR locations where the counts reached 0.25% and
99.75% of the total (Figure 2). Table 1 lists the bin locations, flux-weighted centroids
and the extents in the y-direction between the centroids and the EE points. In the table,
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Figure 1. 2D image of the G140L/800 observation of WD 0308–565 obtained at FP-
POS = 3 shown in XCORR, YCORR coordinates. The vertical lines mark the bin edges
in the dispersion direction, and their extent in the cross-dispersion direction indicates
the regions for which the flux-weighted centroids were obtained. The inverted triangles
are located at the bin centers in XCORR and at the flux-weighted centroids for each bin
in YCORR; the blue line is the best fit to these points, and it is used to define the PSA
SLOPE and B SPEC values.

∆Ylower gives the number of pixels between the flux-weighted centroid and the 0.25%
point, and ∆Yupper, that between the 99.75% point and the centroid. The extraction
height is the maximum extent, multiplied by two, and padded by seven pixels, which is
needed to account for target-centering uncertainties. The maximum value is 27 pixels
in the longest wavelength bin, and therefore the PSA HEIGHT is 61 pixels.

The slope and intercept for the WCA were derived following a procedure similar
to that used for the PSA. The B SPEC value needs to be obtained from the lamp
spectrum in the FP observations in order to get the correct offset in the cross-dispersion
direction between the apertures. However, the signal to noise in the lamp spectrum
from the FP program is too low to get a reliable slope. Therefore, the high signal-to-
noise LT observation was used for this purpose. First, for both spectra, the regions
where lines are present, XCORR = [5650, 15200], were divided into eight equal bins,
and the flux-weighted centroids were obtained. Next, the centroids from the LT data
were fit with a straight line, which yielded SLOPE = +3.2017×10−4. Then, with this
fixed slope, the centroids from the FP data were fit with a straight line and the intercept,
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Table 1. G140L/800 PSA Extraction Height

Bin Center Bin Width Ycentroid ∆Ylower ∆Yupper

(XCORR) (pixels) (YCORR) (pixels) (pixels)

3525 1850 432.5 15 12
5375 1850 433.8 16 12
7416 1633 433.6 18 13
9049 1633 432.1 20 16

10682 1633 432.6 22 19
12203 1206 431.8 24 21
13409 1206 431.8 25 23
14615 1206 431.4 27 25

Figure 2. Background-subtracted 2D spectrum of WD 0308–565 at FP-POS = 3,
overlaid with contours that enclose 99.5% of the source flux. (The lower and upper
contours correspond to 0.25% and 99.75% of the total counts, respectively.) The bins
are as in Figure 1, but the YCORR centroids are from the background-subtracted image.
The display is highly compressed in the x-direction to emphasize the EE heights.

B SPEC = 530.84, was obtained. Figure 3 shows the 2D images with the bin edges, the
flux-weighted centroids, and the combined best-fit centerline for the FP (top) and LT
(bottom) data.
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Figure 3. Lamp spectra from the FP program (top panel) and from the dedicated LT
program (bottom panel) are shown. The vertical lines are the bin edges. Crosses are
the flux-weighted centroids of each bin, connected with a solid line to guide the eye. In
both panels, the line shows the best fit, for which the slope is obtained from the LT data
and the intercept, from the FP data.

The WCA extraction height was obtained from a background-subtracted 2D
spectrum of the LT observation. The background was extracted from the 2D image and
subtracted from each row to create the background-subtracted 2D spectrum of the
lamp. The entire spectrum (XCORR = [5650, 15200]) was collapsed in the dispersion
direction along the slope determined for the WCA. In the resulting profile, the counts
reached the level of noise outside the region between YCORR = [510, 560]. We
truncated the profile at these values of YCORR and found the flux-weighted centroid
and the 0.25% and 99.75% points in the cumulative distribution. The centroid was
found at YCORR = 534.1 and the boundaries, at 522 and 546. The half-range on either
side was 12 pixels; multiplying by two and adding seven yielded HEIGHT = 27 pixels,
for the WCA. The cross-dispersion profile with the boundaries marked is shown in
Figure 4.
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Figure 4. Cross-dispersion profile of the lamp spectrum from the LT observation at FP-
POS = 3. The YCORR locations where the cumulative distributions reach 0.25% and
99.75% of the total counts are shown by the red dashed lines. To within a pixel they
are equidistant from the flux-weighted centroid of the profile. The black lines are the
YCORR limits of the WCA extraction box.

The PSA values for SLOPE, B SPEC, and HEIGHT were copied into the
corresponding columns for the BOA and the FCA. For the BOA (which is discouraged
from use at LP4 with all modes) the background regions were adjusted to avoid the
region around YCORR = 580, which is affected by airglow through the PSA.

3.2 TRACETAB: Trace Correction Reference File

The trace is defined as the array of YCORR offsets between the flux-weighted centroids
of a point-source spectrum at each value of XCORR, measured relative to the median
YCORR value of these centroids (Proffitt et al. 2015). It is specified in the TRACETAB
file for each segment and mode (grating/cenwave) for the PSA and BOA. The median
YCORR is in the TRACE YLOC column, the array of offsets is stored under TRACE,
and the associated error array, under ERROR. In practice, the values are determined for
the PSA and used for both the PSA and the BOA.

The trace parameters and the profile parameters (discussed below in §3.3) are
derived from the same set of calibrated data, using corrtag files. These were obtained
by running CalCOS on all four FP-POS observations from the cenwave 800 FP program
(PID 15483). The analysis requires the correct specification of (XCORR, YCORR),
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which are the thermally and geometrically corrected detector coordinates, as well as
(XFULL, YFULL), which take into account the variations of the projections of the
spectrum onto the detector as well as the Doppler shifts due to the relative motion of
the telescope and target (see also Proffitt et al. 2015). To obtain these, we implemented
CalCOS using BOXCAR extraction, for which the trace correction TRCECORR and
the alignment to profile ALGNCORR are set to OMIT. All other steps were set to
the default except TDSCORR (time dependent sensitivity correction) was also set to
OMIT, and the RANDSEED was set to a fixed value for repeatability. We used the
XTRACTAB, DISPTAB (Fischer et al. 2019a), and LAMPTAB (Magness et al. 2019)
reference files with the final values for the cenwave 800 parameters. The pipeline
requires a FLUXTAB reference file to execute properly, and we used a preliminary
version. (See Fischer et al. 2019b for the details of the flux calibration of cenwave 800.)

The trace is determined following the process described by Rafelski et al. (2019)
for the other LP4 modes. First, the regions containing the Lyα (1212–1219 Å) and
O I (1300–1310 Å) airglow lines are masked and filtered out from the data. Then
images in XCORR, YCORR coordinates are created, and the flux-weighted centroids
are calculated for each XCORR column, interpolating over columns with bad data
values. The mean values of the centroids for each observation are used to align all
FP-POS data, and the composite trace is obtained by taking the weighted average of the
aligned centroids at each XCORR. The error arrays are propagated at each stage.

In order to obtain a reliable trace, a S/N of about 50 per resolution element is
required. For detector regions where this is not achieved, the trace derived from some
other cenwave observations needs to be spliced in. At the long-wavelength end of the
FUVA detector segment, the S/N in all G140L modes including cenwave 800 is too
low to be useful. For cenwave 800 we followed the procedure for the other modes
(Rafelski et al. 2019) and spliced in the trace from cenwave 1291 over the region
XCORR> 11000, which was manually selected. The splicing is done by fitting a line
to the difference between the two traces, adjusting the 1291 trace by the slope of that
line, and replacing the values in the cenwave 800 trace by the adjusted 1291 trace over
the relevant wavelength range.

For cenwave 800, the S/N at the short-wavelength end is also very low. However,
the S/N is sufficiently high in G140L/1280/FUVA observations. Therefore we
considered both the G130M/1291 and the G140L/1280 traces for splicing in. The three
traces, plotted as offsets from their median values, are shown in Figure 5. We chose the
cenwave 1280 over the 1291 trace to splice in the short-wavelength region for three
reasons: it is a G140L mode, and therefore closer in YCORR to cenwave 800, it
overlaps the cenwave 800 trace in the region around XCORR = 5000, and the data have
somewhat higher S/N in this region of the detector. The figure also shows the
composite trace for cenwave 800, with the cenwave 1280 trace spliced in for
XCORR< 5050. (Note that the trace labeled “torig 800” already has the 1291 trace
spliced in at the long-wavelength end.)

The median value of the centroids obtained from the cenwave 800 data is
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Figure 5. The traces for G140L/800, G140L/1280, and G130M/1291. The cenwave
1291 trace has been spliced in for the G140L modes at the long-wavelength end of the
detector. The thick red line is a binned version of the final cenwave 800 trace, with the
cenwave 1280 trace spliced in at the short-wavelength end.

YCORR = 433.04425, which is assigned to TRACE YLOC in the TRACETAB
reference file. The TRACE and ERROR arrays in the reference file contain the
composite trace, described above, and the corresponding composite error array.

3.3 PROFTAB: Profile Reference File

The PROFTAB reference file contains an entry PROFILE for each cenwave and detector
segment combination. The PROFILE is essentially a 2D image of a point source,
straightened with the trace and normalized. The image, which is typically smoothed
over a few resolution elements in the dispersion direction, provides profiles in the cross-
dispersion direction at each column. Since the profiles result from optical effects fixed
in wavelength space, the columns are defined in XFULL coordinates. The image is
normalized such that the sum of the profile values in each column equals 1.0. The
median YFULL value of the flux-weighted centroids of the PROFILE image in the
cross-dispersion direction is stored in the PROFTAB reference file CENTER column.
Each PROFILE is a 16384 pixel by 359 pixel array, and the YFULL value corresponding
to the bottom of the image (CENTER− 359/2, to the nearest pixel) is stored in the
ROW 0 column of the reference file.

The parameters for the cenwave 800 PROFTAB were derived using the same
procedure that was used for the other LP4 modes, and we refer the reader to Rafelski et
al. (2019) for the details. The use of the reference file in the ALGNCORR step required
for two-zone extraction is described in the COS Data Handbook (Rafelski et al. 2018).
Here we focus only on those aspects that were unique or different for cenwave 800.
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The airglow-filtered data from the FP program were manually straightened (i.e.,
without running CalCOS) using the final trace for cenwave 800 (see §3.2) and used as
input for the profile creation script. The outer and inner zone boundaries, enclosing
99% and 80% of the total energy, are derived assuming that 100% of the counts are
enclosed within the extraction height defined in the XTRACTAB reference file. For
cenwave 800, the XTRACTAB extraction height is driven by the spectrum at the
long-wavelength end of the detector (Figure 2 and Table 1). At the short-wavelength
end, the actual height is much smaller. Guided by the ∆Y values for the
shortest-wavelength bin in Table 1, we found that reducing the height to 31 pixels in
the short-wavelength region, XFULL< 5050, would be sufficient to enclose > 99.9%
of the total energy. The nominal smoothing parameter in the dispersion direction in the
script used for the other LP4 modes is 35 pixels. We found that the low S/N in the
short-wavelength region required more smoothing. After some experimentation we
found that smoothing by 70 pixels was sufficient to yield reliable contours, with
column-to-column variations that were not dominated by noise. At each row, the mean
of the profile values between XFULL = 2676 and 2900 (∼ 913–930 Å) was used to pad
the profile down to XFULL = 1000. The cenwave 800 PROFILE is shown in Figure 6
with the overlaid contours. The top panel uses a small display range to highlight the
edges, while the bottom panel has a display range bringing out the overall structure.
(Note that in these images, the sum along each column is identically 1.0).

The median value of the centroids obtained from the smoothed profile is
YCORR = 433.058, which is assigned to CENTER in the reference file. One of the
requirements is that the PROFILE have dimensions of 16384× 359 pixels. The
CENTER value is defined also to be the center of the PROFILE image, and therefore
the bottom of the image, ROW 0, is 433− 359/2 = 254.

3.4 TWOZXTAB: TWOZONE Spectral Extraction Reference File

The parameters required for extracting spectra using the two-zone method for each
cenwave are stored in the TWOZXTAB reference file. No independent data analysis
is necessary to determine the values for these parameters. B SPEC is the initial guess
for the center of the science spectrum and is equal to the CENTER column in the
PROFTAB file. The value of the HEIGHT parameter is the same as in the XTRACTAB
file, and here it is used to define the range in YFULL containing 100% of the enclosed
energy. The background values, B BKG1, B BKG2, and BWIDTH, are exactly as in
the XTRACTAB file. However, there is only one extraction height used, BHEIGHT,
and it takes the smaller of the two values from the XTRACTAB file. The columns
LOWER OUTER and UPPER OUTER contain the flux fractions that define the lower
and upper limits of the outer zone, and LOWER INNER and UPPER INNER, those for
the inner zone. The standard values for these parameters are 0.005, 0.995, 0.100 and
0.900, which translates to the outer and inner zones containing the central 99% and 80%
of the target flux, respectively. The YERRMAX column is the tolerance in the statistical
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Figure 6. The cenwave 800 profile overlaid with contours showing 0.5%, 10%, 90%,
and 99.5% of the cumulative flux for each XFULL column. The two panels show the
same image and contours, but with different display ranges. Top: 0.0 to 0.005; bottom:
0.0 to 0.1.

error in the calculation of the flux-weighted centroid of the target spectrum collapsed
along the dispersion direction. For cenwave 800, we use 0.8, which is the same as for
all other LP4 modes.

The TWOZXTAB requires separate entries for the PSA and the BOA. However,
all values are the same for both apertures except those for the backgrounds (see §3.1).

4. Science Validation

The cenwave 800 parameters for the XTRACTAB file were obtained using the FP-
POS = 3 observation from the FP calibration program, while the parameters for the other
reference files (TRACETAB, PROFTAB, and TWOZXTAB) required all four FP-POS
observations. The only other cenwave 800 observations available at that time were
those obtained in the focus-sweep program (PID 15451, PI W. Fischer). Fortunately,
one of the observations in that program (rootname: lds101x0q) was obtained at the
best-focus eventually selected for cenwave 800 (Sankrit et al. 2019), and we use this
exposure for validating our spectral extraction reference files.
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Figure 7. The 2D spectral image of AV 75 from the file lds101x0q flt a.fits,
produced using BOXCAR extraction. The PSA, WCA, and background regions for the
PSA that are defined in the XTRACTAB file are overlaid on the image. The source
spectrum is fully contained in the extraction box.

In order to validate the XTRACTAB reference file, the raw data file
lds101x0q rawtag a.fits (from PID 15451) was run through CalCOS using
BOXCAR extraction. The newly derived XTRACTAB file was used, and also the final
cenwave 800 DISPTAB and LAMPTAB files. For this test, both FLUXCORR and
TDSCORR were set to OMIT, since only the flt file, which contains the 2D spectral
image in XFULL, YFULL coordinates is required. The spectral image is shown in
Figure 7 overlaid with the extraction boxes from the XTRACTAB reference file. This
visual inspection shows that the values determined for the cenwave 800 XTRACTAB
parameters are valid. The PSA extraction box is correctly placed with respect to the
target spectrum, the lamp spectrum (faintly discernable in the figure) is within the
WCA extraction box, and the background regions are correctly specified. The total
count rate obtained by collapsing the 2D image along the cross-dispersion direction is
shown plotted against YFULL in Figure 8. The PSA extraction region contains
> 99.8% of the total flux. Note that the slopes of the extraction boxes have not been
applied, and therefore the WCA peak does not lie in the center of the extraction box.

The TRACETAB, PROFTAB, and TWOZXTAB reference files were validated
using the same method as for other LP4 modes (Rafelski et al. 2019). One test is to
compare the results obtained using the BOXCAR and TWOZONE routines, and the
other is to compare the 99% and 80% EE contours derived from the calibrated data with
those defined by the PROFILE.

The first test is done using the net count-rate spectra and requires the x1d file,
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Figure 8. The count rate (on a logarithmic scale) plotted against YFULL in the AV 75
observation. The plot shown was obtained by collapsing the 2D spectral image shown in
Figure 7 along the dispersion direction. Note that the slopes of the extraction boxes were
not taken into account. The vertical lines show the various extraction region boundaries.
The PSA extraction encloses > 99.8% of the total flux in the range YFULL =[350,500].

while the second requires the flt image. We calibrated the raw data file with both
BOXCAR and TWOZONE extraction routines, using the final DISPTAB, LAMPTAB,
the validated XTRACTAB, the newly derived TRACETAB, PROFTAB and
TWOZXTAB, and a preliminary version of the FLUXTAB reference files. As
described above (§3.2), the latter is required by CalCOS for producing the 1D
count-rate spectra, but the flux is not used in the testing.

Figure 9 shows the results of the first test. The count-rate spectra using the two
extraction methods (top panel) show no gross differences. As expected, the count-
rate is very low at wavelengths below 1150 Å. The middle panel compares the data
quality (DQ) flags within the extraction region. The exponent of the DQ flag, n, where
DQ = 2n, is plotted against wavelength. Values n = 13 correspond to gain-sag holes,
and n = 2 columns correspond to the grid wires. The columns with n = 10 are those
which are rejected due to the presence of very low response pixels. Some columns
where these pixels are within the BOXCAR extraction region but outside the inner zone
for TWOZONE extraction are flagged as bad in the former but not in the latter. The
bottom panel shows the residual of the count rates between BOXCAR and TWOZONE
extraction as a fraction of the former. In regions where the target spectrum has sufficient
S/N, the differences are less than 1%, as expected. One exception is around the Lyα
1216 Å airglow line, which fills the aperture and is excluded in the definition of the 99%
EE contour of the PROFILE (§3.3) and therefore contributes more flux in BOXCAR
than in TWOZONE extraction. A second exception is around 1620 Å, where columns
are flagged with n = 10 in both BOXCAR and TWOZONE extractions. This is
apparently due to bad pixels on the detector that are not correctly flagged in the bad
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Figure 9. Comparison of the 1D count-rate spectra from BOXCAR and TWOZONE
extractions of spectra of AV 75 obtained as part of the cenwave 800 focus-sweep
program. Top: count rates plotted as a function of wavelength; middle: exponents
defining the Data Quality (DQ) flags for each wavelength column; bottom: residual
fraction between count rates, (BOXCAR-TWOZONE)/BOXCAR. The count-rate
arrays were smoothed by 6 pixels (1 resel) before obtaining the residual fraction.

pixel reference file, which is an issue that will be further investigated. A third region
where the differences are noticeably higher, ≈ 1%, is at the absorption minimum of the
C IV 1548Å line in the stellar spectrum, where the counts are very low.

The EE contours are shown overlaid on the flt 2D spectral image produced
by the TWOZONE extraction calibration in Figure 10. The “computed” contours,
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calculated from the data in the x1d file, are shown in green (99% EE) and blue (80%
EE). The “pre-defined” contours are computed from the PROFILE by CalCOS, and are
shown in red (99% EE) and cyan (80% EE). The consistency between the two sets of
contours is seen across the image, except over the low count-rate region towards the
short wavelength edge and across the Lyα airglow line. Small deviations are also seen
at the two other exceptional locations described above.

Figure 10. The 2D spectral image of AV 75 from the file lds101x0q flt a.fits
produced using TWOZONE extraction, overlaid with EE contours computed from the
data and those from the cenwave 800 PROFILE. The contours computed by CalCOS
from the PROFILE (labeled “pre-defined”) are shown in red (99% EE) and cyan (80%
EE), and the direct measurements (labeled “computed”) are shown in green (99% EE)
and blue (80% EE). Note the deviations between the two sets of contours that occur
around stellar absorption lines as well as Lyα, where airglow emission fills in the
absorption trough. Note also the noisy computed contours in the short-wavelength,
low-counts region.

The results of our tests validate the TWOZONE extraction parameters for
cenwave 800 in the TRACETAB, PROFTAB, and TWOZXTAB reference files. They
show that in spite of the decreased sensitivity and, consequently, the low count rates,
spectra can reliably be extracted between 912 Å and 1150 Å, although they will
typically need to be binned over several resolution elements.

5. Reference Files Delivery

The cenwave 800 parameters were merged into the XTRACTAB
(2bj2256il 1dx.fits), TRACETAB (2bj2256jl trace.fits), PROFTAB
(2bj2256ql profile.fits), and TWOZXTAB (2bj2256nl 2zx.fits)
reference files delivered to the CRDS reference file database on 2018 November 20. In
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addition to cenwave 800, these files contain the parameters for all COS modes that are
being operated at LP4.

Once the final reference files were available, they were revalidated to make sure
that the merging process had not introduced any unforeseen errors.

The scripts used for the data calibration and the analyses have been placed in the
cos/newcenwave c800 repository on the internal STScI GitLab site.
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Appendix A
Uncertainties associated with defining the 2D PROFILE image: The errors affecting
the measurement of the profiles in COS FUV spectra were discussed in an unpublished
report by Derck Massa on the topic of two-zone extraction methods (written before its
implementation in CalCOS). We used the formulae in that paper to derive the expected
uncertainties associated with the cenwave 800 profile in our FP data. Here we provide
a summary of our calculation and the results.

The profile is determined by calculating the cumulative distribution of counts
along binned columns in the y direction within limits that we assume contain 100%
of the source counts. For a given position along the y axis, and using Poisson statistics,
the error on the percentile at that position, P , is given by

σ(P ) =

√
(1− P )P

N
, (1)

where N is the total number of counts in the binned column. Note that the error is
symmetric around P = 0.5. The outer contours are defined by P = 0.005 and P =
0.995, for which the error σ(P ) = 0.07/

√
N .

If we assume that the change of P with y pixel is linear, then the error on the y
pixel value (by simple change of variable) is

σ(y) =
σ(P )

∆P/∆y
. (2)

An examination of the cenwave 800 focus sweep data (Sankrit et al. 2019)
obtained at the focus value eventually used for the mode showed that the change in P
with y was between 0.001 and 0.002 percentile/ypix at the 0.5% and 99.5% locations.
This was checked for a few regions above 1150 Å and for a few different bin sizes.
Using ∆P/∆y = 0.0015 and the value for σ(P ) at 0.5% and 99.5% derived above, we
get

σ(yout) = 46.7/
√
N, (3)

where yout is the pixel value for the outer zone contours.
In the cenwave 800 profile calculation, we used 70 pixel (11.67 resel) smoothing

bins along the spectral direction (§3.3). Our exposure time for the FP data yield S/N
of approximately 30 per resel at 1800 Å, or a total of ≈ 10500 counts in one binned
column, and the error σ(yout) = 0.46 pixels. In the short-wavelength region, the S/N is
about 5 per resel, which corresponds to a total of ≈ 300 counts in the 70 pixel bin and
an error σ(y) ∼ 2.7 pixels. The regions of higher throughput (e.g., around 1300 Å) have
much higher S/N and correspondingly tiny errors in the profile locations. These trends
with detector position are evident in Figure 6.

Instrument Science Report COS 2019-03(v1) Page 19


	1. Introduction
	1.1 Overview of the Reference Files used for Spectral Extraction

	2. Datasets
	3. Data Analysis
	3.1 XTRACTAB: 1D Spectral Extraction Reference File
	3.2 TRACETAB: Trace Correction Reference File
	3.3 PROFTAB: Profile Reference File
	3.4 TWOZXTAB: TWOZONE Spectral Extraction Reference File

	4. Science Validation
	5. Reference Files Delivery
	Acknowledgments
	Change History for COS ISR 2019-03
	References
	Appendix A

