
Instrument Science Report COS 2017-03

Analysis of the COS/NUV Extraction
Box Heights

Elaine M. Snyder1 and Paule Sonnentrucker1,2

1 Space Telescope Science Institute, Baltimore, MD
2 European Space Agency

August 16, 2017

ABSTRACT

We present a diagnostic test of the extraction box heights (EBHs) used when extracting
NUV spectroscopic data taken by the Cosmic Origins Spectrograph (COS) aboard the
Hubble Space Telescope. This study was motivated by a discrepancy between the EBH
used by the COS Exposure Time Calculator during observation planning (8 pixels) and
the COS calibration pipeline (CALCOS) during the creation of the final spectra (57
pixels). In this Instrument Science Report, we study the effects of decreasing the EBH on
the net counts and signal-to-noise ratio for CALCOS-reduced spectra of many different
targets. We find that the EBH should not be smaller than 37− 43 pixels to avoid count
loss when extracting the spectra. Reducing the EBH does not significantly improve the
signal-to-noise ratio for datasets with faint targets, and can possibly have a negative
effect on the flux accuracy of brighter targets. The analysis shows that optimization
of the EBH is heavily target-dependent. As a result, the EBH used by the CALCOS

pipeline is maintained at the conservative value of 57 pixels. We also provide detailed
instructions for users who wish to perform a custom extraction for their data.
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1. Introduction
The near-ultravoilet (NUV) channel of the Cosmic Origins Spectrograph (COS) aboard
the Hubble Space Telescope (HST) has a unique optical path design, as shown in Fig-
ure 1, that projects a single spectrum as three non-contiguous stripes (labeled a, b, and
c from bottom to top) onto the 1024 × 1024 pixel NUV detector. To extract a one-
dimensional spectrum from this two-dimensional “spectral image,” the COS calibration
pipeline, CALCOS, collapses parallelograms that are centered on lines defined by the
y-intercepts and the slopes of each spectral stripe. The heights of these parallelograms
are what we refer to as extraction box heights (EBHs), and their widths span the entire x
direction of the detector so as to encapsulate the entire wavelength range for each stripe.
Both the EBH and width are the same for each stripe, while the y-intercept and slope
can change. The spectral stripes can also have a slight curvature that varies based on
the observing mode (i.e., grating and central wavelength) being used. See Figure 2 for
an example two dimensional spectral image showing all three stripes and the extraction
regions being used. CALCOS reads a reference table, the XTRACTAB, that contains the
y-intercepts, slopes, and EBHs for each observing mode and stripe. Their respective
column names are B SPEC, SLOPE, and HEIGHT. See Section 3.7.11 of the COS Data
Handbook for more information about the XTRACTAB.

In this Instrument Science Report, we study the effect of reducing the size of the
EBH in the XTRACTAB. This is motivated by the difference between the EBH used
in the COS Exposure Time Calculator (ETC) (8 pixels) and the EBH used by CALCOS

when creating the final spectra (57 pixels). Historically, the ETC EBH value was chosen
as 8 pixels in order to minimize the background dark rate and therefore produce the best
signal-to-noise ratio (SNR) possible for faint (i.e., background-limited) targets and to
allow for better comparisons in exposure time estimates between COS and STIS (see
Soderblom 2008, Section 4.1). On the other hand, CALCOS uses 57 pixels to ensure
that the box is large enough to encompass all the flux to have the most accurate flux
calibration. We aim to find an EBH with flux loss less than 5% to keep the flux accuracy
within our requirements.

Below we present the results of our study of SNR versus EBH for several datasets
that span a SNR range from∼ 5−100 and span a time range from∼ 2009−present. Our
goals are to determine whether there is an optimal EBH for both faint and bright targets
such that our flux accuracy remains within our requirements, and whether this optimal
value changes over time or by stripe. In Section 2, we outline the data we use for this
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Figure 1. The optical path for the COS NUV channel. Light from the Optical Telescope
Assembly (OTA) enters through a 2.5” aperture and is directed by the NUV collimating
mirrors NCM1 and NCM2 to one of four gratings. The grating will disperse and direct
the light to three parallel mirrors (NCM3a, 3b, and 3c), which collimate the light once
more before it lands on the NUV detector in three indivual stripes.

project. We discuss our reduction techniques and calculations in Section 3. In Section
4, we discussion our results. We conclude and give our recommendations in Section 5.
Lastly, Appendix A provides instructions on how to customize the EBH value.

2. Data
To track SNR versus time, we use the NUV Spectroscopic Time Dependent Sensitiv-
ity (TDS) Monitoring programs, which include observations of two HST standard stars
taken each cycle with the same gratings, central wavelengths, and exposure times. The
standard stars used are WD1057+718 and G191-B2B, both white dwarfs with count
rates of∼ 5−10 counts per second. These monitoring programs were first implemented
when COS was installed on HST during Servicing Mission 4, although different stan-
dard stars were used then; the two aforementioned HST standards have been observed
since Cycle 17. The SNR goal for all observations in the monitoring programs is 30 at
the central wavelength.

We use four additional datasets to probe the high and low SNR regimes. For the
former, we use data from the NUV High SNR Verification program (ID 11481) taken
during Servicing Mission Observatory Verification 4 (SMOV4). This dataset includes
observations of G191-B2B, but with longer exposure times to yield SNR ∼ 100. For
the latter, we use data from the General Observer (GO) programs 11667, 13846, and
14265, all of which observe distant faint quasars with count rates of ∼ 0.005 − 0.02
counts per second, which are best suited to study the effect that reducing the EBH value
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has on background-limited observations. The SNRs of these datasets span ∼ 5 − 10.
See Table 1 for a detailed list of the data used in this study, including the grating, central
wavelength, exposure time, and SNR.

Table 1. Data used in our analysis of EBH values. The TDS datasets, which are taken
over the course of multiple cycles, will test the SNR versus EBH over time. We also use
the observations taken in the SMOV4 High SNR Verification dataset and observations
of distant quasars to probe a SNR range of ∼ 5 − 100. SNR at Cenwave values are
measured directly from x1dsum files as is detailed in Section 3.

Program Title Program
ID Target Grating Cenwave

(Å)
Exp.

Time (s)
SNR at

Cenwave

TDS Cycle 17 11896

G191-B2B

G185M 1921 130 43.0
G225M 2186 241 43.5
G225M 2306 213 40.6
G225M 2410 225 45.3
G285M 2617 330 31.1
G285M 2739 400 39.3
G285M 2739 440 42.6
G285M 3094 1230 36.8

WD1057+719

G230L 2635 480 39.2
G230L 2635 540 42.2
G230L 2950 738 32.6
G230L 3360 941 24.2

TDS Cycle 18 12421

G191-B2B

G185M 1921 130 44.3
G225M 2186 241 42.1
G225M 2306 213 42.7
G225M 2410 225 42.7
G285M 2617 330 29.9
G285M 2739 400 35.6
G285M 3094 1230 33.5

WD1057+719
G230L 2635 540 47.8
G230L 2950 702 31.8
G230L 3360 899 26.3

TDS Cycle 19 12719
G191-B2B

G185M 1786 42 29.2
G185M 1921 47 28.9
G225M 2186 92 29.1
G285M 2617 180 24.6
G285M 3094 675 25.3

WD1057+719 G230L 2635 540 39.1
G230L 2950 529 26.5

TDS Cycle 20 13125
G191-B2B

G185M 1786 42 29.3
G185M 1921 47 25.8
G225M 2186 92 27.5
G285M 2617 180 22.3
G285M 3094 675 21.6

WD1057+719 G230L 2635 540 43.5
G230L 2950 513 23.0

TDS Cycle 21 13527
G191-B2B

G185M 1786 42 31.3
G185M 1921 47 27.5
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Table 1 – continued from previous page

Program Title Program
ID Target Grating Cenwave

(Å)
Exp.

Time (s)
SNR at

Cenwave
G225M 2186 92 27.9
G285M 2617 180 18.5
G285M 3094 675 22.0

WD1057+719 G230L 2635 540 43.2
G230L 2950 700 26.6

TDS Cycle 22 13973
G191-B2B

G185M 1786 42 31.2
G185M 1921 47 28.4
G225M 2186 92 25.8
G285M 2617 180 15.9
G285M 3094 675 16.7

WD1057+719 G230L 2635 540 44.0
G230L 2950 700 29.6

TDS Cycle 23 14441
G191-B2B

G285M 2617 180 15.4
G285M 3094 675 15.3
G225M 2186 92 30.0
G185M 1786 42 30.7
G185M 1921 47 29.2

WD1057+719 G230L 2635 540 44.9
G230L 2950 700 28.4

High SNR Verification 11481 G191-B2B

G185M 1850 2104 75.9
G225M 2250 4591 89.3
G285M 3094 1640 37.9
G285M 2617 4981 42.8

GO Program 11667 CSO-0873 G185M 1921 4968 10.2
G185M 1941 5420 12.2

GO Program 13846

PHL1377

G185M 1921 7587 5.8
G185M 1953 2086 3.4
G185M 1986 8251 6.3
G225M 2217 7656 5.1
G225M 2250 5500 4.1
G225M 2283 8251 5.6

PG1206+459

G185M 1921 2465 5.9
G185M 1953 2465 5.4
G185M 1986 2465 5.6
G225M 2217 4785 9.7
G225M 2250 4785 8.3
G225M 2283 2465 5.4

PG1630+377

G185M 1921 5253 6.9
G185M 1953 5253 7.9
G185M 1986 5253 4.4
G225M 2217 7717 6.7
G225M 2250 7717 7.9
G225M 2283 7717 6.9

GO Program 13846

PG1407+265

G185M 1921 2457 7.5
G185M 1953 2457 6.6
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Table 1 – continued from previous page

Program Title Program
ID Target Grating Cenwave

(Å)
Exp.

Time (s)
SNR at

Cenwave
G185M 1986 2457 6.8
G225M 2217 4777 6.5
G225M 2250 2457 4.3
G225M 2283 2008 5.1

PG1522+101
G185M 1921 4675 7.0
G185M 1953 5249 7.3
G185M 1986 5249 7.7

FBQS0751+2919

G185M 1921 2457 5.6
G185M 1953 2457 6.3
G185M 1986 2457 5.5
G225M 2217 4779 5.5
G225M 2250 2457 5.4
G225M 2283 2008 5.8

PG1148+549

G185M 1921 5279 7.2
G185M 1953 5279 5.9
G185M 1986 5279 7.6
G225M 2217 7753 7.5
G225M 2250 7753 5.4
G225M 2283 4747 5.5

LBQS1435-0134
G185M 1921 5251 6.6
G185M 1953 5251 5.6
G185M 1986 4692 6.0

GO Program 14265

HS2154+2228
G225M 2339 7655 15.6
G225M 2373 7655 16.9
G225M 2410 7655 14.1

PG1718+481
G225M 2339 7991 12.7
G225M 2373 7991 10.5
G225M 2410 7991 12.6

HE0331-4112
G225M 2339 10665 12.2
G225M 2373 10665 9.9
G225M 2410 10665 13.1

PG1206+459
G225M 2339 10759 5.6
G225M 2373 10759 11.9
G225M 2410 10759 15.9

HE1211-1322
G225M 2339 10307 7.1
G225M 2373 10307 9.3
G225M 2410 10307 4.4

3. Analysis
We begin our analysis by creating XTRACTABs with updated EBHs – one new file
for each height value to be analyzed. We alter the file w5g1439sl 1dx.fits, the NUV
XTRACTAB currently in use in CALCOS, which can be found in the HST Calibra-
tion Reference Data System (CRDS) at https://hst-crds.stsci.edu under
the COS tab. We consider EBH values of 7, 13, 17, 23, 27, 33, 37, 43, 47, 53, and 57
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Figure 2. A two-dimensional spectral image of an exposure of the HST standard star
G191-B2B observed in the G225M/2186 Å mode as a part of the TDS monitoring
dataset in Cycle 23. Overplotted in the green, blue, and purple solid lines are 7-pixel
EBHs for stripes A, B, and C, respectively. The dotted green, blue, and purple lines
show the center lines for each stripe, which are defined by the B SPEC and SLOPE
values listed in the XTRACTAB file currently in use by CALCOS. The gray dashed lines
show where the default EBH value of 57 pixels would lie for each stripe. The spectra in
all three stripes are not properly centered in the extraction box, meaning significant flux
can be lost when the EBH is reduced. Stripe C also has a slight curvature, which causes
more flux to be excluded on the low and high wavelength ends.
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pixels. This spans the original range of 8− 57 pixels and ensures that every EBH value
is an odd number (i.e., one row in the middle of the spectrum, and an even number of
rows on top and bottom).

We also update the B SPEC values in the XTRACTAB files for individual expo-
sures since pointing uncertainties can sometimes result in a mis-centering of the spec-
trum in the stripe (and therefore the extraction box as well) by up to 13 pixels1. This does
not affect large EBH values but has a significant impact when the EBH is reduced. Fig-
ure 2 shows a two-dimensional spectral image of the HST standard star G191-B2B from
the Cycle 23 TDS dataset with 7-pixel extraction boxes overplotted for all three stripes.
The extraction boxes are significantly off-center when using the default XTRACTAB
B SPEC values for this observing mode, thus flux from the target is being omitted when
a smaller than default EBH is used.

To correct for this, we calculate the best B SPEC value for each stripe in each
rawtag file in two different ways, depending on the SNR of the spectra. For the TDS
datasets, we model the sum of the flux along the dispersion (x) direction in the two-
dimensional spectral image with a Lorenzian profile to find the middle row of each
stripe. We then take the slope of the stripe into account by adding 1/2 × slope ×
length of stripe to the middle row values previously found to get the final B SPEC values
for each stripe. Figure 3 shows the same two-dimensional spectrum plotted in Figure 2
along with the profiles of the flux summed along the dispersion axis. The Lorentz
profiles fitted to the summed flux for each stripe are overplotted in red dashed lines.
The red dashed lines on the spectral image show where the corrected B SPEC values
are calculated to be. For the fainter, background-limited datasets, a Lorenzian profile
fails. Instead, these B SPEC values were selected by eye for each target. An example
of the Lorentz fit for a faint target is shown in Figure 4. The spectra may also have a
slight curvature, as shown in Figure 2, that is not accounted for, so it is crucial that the
extraction region is perfectly centered on the spectrum.

For CALCOS to use the updated XTRACTAB, it must be listed in the header of
the rawtag file being reduced via the pipeline under the keyword “XTRACTAB”. We
created a parallelized Python wrapper for CALCOS that updates all of the rawtag headers
and then runs each association file through the pipeline. When the data reduction is
finished, we are left with x1dsum files, which are a sum of the x1d files created from
each rawtag file at different FP-POS positions.

From the output x1dsum spectra, we compute the SNR and percentage of net
counts lost. The SNR of each spectrum is determined by first selecting a wavelength
range free of emission and absorption lines and where the continuum is approximately
flat. The signal is then the median of the flux in that range, while the noise is the root
mean square (RMS) of the flux in that range. Thus, the signal-to-noise ratio is the

1The COS/NUV centering accuracy requirement in the cross dispersion direction is 0.3′′, or ∼ 13
pixels given the detector’s 23.5 mas plate scale; see Section 8.8 of the COS Instrument Handbook for
more information.
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Figure 3. Left: Two-dimensional spectral image of an exposure of the HST standard
star G191-B2B, with 7 and 57-pixel EBHs and the center lines shown for each stripe
(these are the same as shown in Figure 2). The new red dotted lines show where the
corrected center lines lie for each stripe. Right: Profiles of the flux summed along the
dispersion axis. The Lorentzian fits to the profiles of each stripe are overplotted with
a red dashed line. Due to the slopes of the spectra, the middle lines calculated by the
Lorentz fit must be corrected by adding 1/2× slope× length of stripe.
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Figure 4. Left: Two-dimensional spectral image of an exposure of the faint QSO
HS2154+2228 (from PID 14265). EBHs of 7 and 57 pixels and centerlines are shown,
similar to those in Figure 2. The new red dotted lines show where the corrected center
lines that were identified by eye lie for each stripe. Right: Profiles of the flux summed
along the dispersion axis. The Lorentzian fits to the profiles of each stripe are overplot-
ted with a red dashed line. Due to the very low count rates, the Lorentz profiles do not
fit the profiles well, and thus are not used when calculating the B SPEC for these fainter
objects.
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division of these two quantities:

SNR =
median(flux)
RMS(flux)

.

The percentage of net counts lost is the percent difference between the median net count
rate in each stripe for a given height and the median net count rate in each stripe for the
same data with a height of 57 pixels (the default). The wavelength range over which
these medians are calculated are the same as used for the SNR calculation above. Thus:

% net counts lost =
|median net count rate at new height−median net count rate at default height|

median net count rate at default height
×100%.

We next analyze how the SNR changes as the EBH is reduced and how small the EBH
can be before the 5% flux accuracy requirement is breached.

4. Discussion
Figure 5 shows the SNR and percentage of net counts lost as the EBH is reduced for
the bright targets from the TDS data (SNR > 20) observed with the COS/NUV G225M
grating and 2186 Å central wavelength. Each row in the figure shows data from a
different cycle, in order to track in changes over time. Stripes A, B, and C are plotted
independently, to check for any stripe dependency. There is a slight decrease in the
SNR with decreasing EBH. The percentage of net counts lost follows a steeper slope as
the EBH is reduced, and we see that the minimum EBH to maintain the less than 5%
flux loss requirement is ∼ 33 pixels. For both the SNR and percentage of net counts
lost, these trends do not have a large dependence on stripe. There is also no significant
change in these trends as the cycles progress. We note that the SNR and percentage of
counts lost both rapidly decrease beyond an EBH value of 13 pixels. We created plots
for all observing modes monitored by the TDS programs and they show similar results.

Figure 6 shows similar plots as Figure 5, but for targets of different brightnesses.
Figure 6(a) shows the results for observations taken in program 11481, the SMOV4
High SNR Verification dataset, and the trends are similar as before. There is a gradual
decline in SNR as the EBH is reduced, and to satisfy our flux accuracy requirement, the
EBH can only be reduced to ∼ 33 pixels. We also see the large decrease of SNR and
percentage of net counts lost at an EBH of 13 pixels.

Conversely, Figures (b), (c), and (d) show targets from programs 11667, 13846,
and 14265, respectively, and the findings are varied. In (b), the SNR is roughly constant
as the EBH value is reduced for stripes A and B, while the SNR slightly increases for
Stripe C. The percentage of net counts lost is similar for all three stripes, and the EBH
can only be reduced to∼ 33 pixels before crossing over our 5% flux accuracy threshold.
For (c), there is a gradual increase in SNR in all three stripes, but the percentage of net
counts lost varies by stripe as the EBH is reduced. In (d), we see a steeper increase in
SNR as the EBH falls for each stripe, and the percentage of net counts lost stays above
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Figure 5. SNR versus EBH (left) and the percentage of net counts lost versus EBH
(right) for COS/NUV G225M/2186 time dependent sensitivity data taken in Cycles 17−
23 (noted in the top-left corner). The plots in the left column show a gradual decrease of
the SNR as the EBH is reduced. These trends are consistent throughout each stripe and
cycle, which is expected since a bright target is used to monitor the sensitivity through
time. The dashed lines in the right column plots mark the 5% flux loss budget, which
indicate that the EBH cannot be reduced beyond 33 pixels for this observing mode.
This trend is consistent for each stripe and cycle as well. Note that Cycles 17 and 18
had longer exposure times which account for their larger SNRs.
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a. 

b. 

c. 

d. 

Figure 6. SNR versus EBH and the percentage of net counts lost versus EBH for four
different targets of varying brightness. Plot (a) is a target from program 11481 (SMOV
High SNR Verification) and shows similar trends as seen in Figure 5. Plots (b), (c),
and (d) are of background-limited sources from programs 11667, 13846, and 14265,
respectively, and show differing trends in SNR and the percent of net counts lost as the
EBH is reduced.
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(a) Targets with SNR > 20.
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(b) Targets with SNR < 10.

Figure 7. Histograms showing the smallest EBH possible for each stripe in each dataset
before the percentage of net counts lost becomes larger than the 5% flux error budget.
(a.) This histogram includes the SNR > 20 datasets only, and shows that for the bright
targets used in this study the EBH can only be reasonably reduced to 43 pixels. (b.)
This histogram shows only SNR < 10 datasets. We find that for the background-limited
objects used in this study, the EBH can be reduced to ∼ 27 − 33 pixels depending on
the target.

our flux accuracy threshold down to smaller EBH values which vary by stripe. Similar
plots for the many other background-limited targets studied show the same, variable
results, which demonstrate the uniqueness of each target and observing mode.

We next investigate targets of different brightnesses in Figure 7a and Figure 7b,
which show, for the bright TDS (SNR > 20) datasets and faint (SNR < 10) datasets
respectively, the smallest value of the EBH that can be used before the percentage of net
counts lost is larger than our 5% flux error budget. For the brighter data, we can reason-
ably reduce the EBH to ∼ 37 − 43 pixels for most datasets and stripes therein. For the
faint targets, on the other hand, the EBH can be reduced to ∼ 27 − 33 pixels depend-
ing on the target. We therefore choose the smallest EBH for which the flux calibration
remains within our required accuracy of 5%. Since ∼ 60% of targets observed with the
COS/NUV channel are considered bright, our analysis shows that an EBH value of 43
pixels satisfies the majority of datasets.

Lastly, we consider the effects on the SNR if we were to lower the EBH for all
targets to 43 pixels. Figures 7 and 8 show the difference in SNR between data reduced
with a 43-pixel EBH and that with a 57-pixel EBH versus the percentage of flux lost
for faint and bright targets, respectively. For the faint targets, there is a median gain in
SNR of ∼ 0.1%, but for the brighter targets, there is either no gain or a small median
degradation of the SNR. Based on these findings, we keep the EBH unchanged in the
current XTRACTAB used in CALCOS reductions.
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Figure 8. The change in SNR caused by lowering the EBH value from 57 to 43 pixels
versus the percentage of net counts lost for faint targets with SNR < 10. The dashed
lines give the median values for each stripe (here the values for each stripe are similar
causing the dashed lines to overlap). The plot shows an overall increase of the SNR of
faint targets by only ∼ 0.1% after using the reduced EBH value.
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Figure 9. The change in SNR caused by lowering the EBH value from 57 to 43 pixels
versus the percentage of net counts lost for bright TDS targets with SNR > 20. We
separate these results by their observing mode, which are listed in the bottom right
corner of each subplot. Most modes show either no benefit or a small loss in SNR due
to the reduction of the EBH value. Note that for the G230L modes, stripes A and C are
contaminated with second-order light and are not plotted.
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5. Conclusions
In this Instrument Science Report, we have weighed the benefits of reducing the EBH
value used by CALCOS. We examined datasets of different brightnesses and have con-
luded the following:

• In order to maintain the flux accuracy to within our 5% requirement, we find that
the EBH should not be set to values smaller than ∼ 37 − 43 pixels depending
on the target. Using smaller values does not improve the SNR in general and
can have a negative effect on the flux accuracy of bright targets. For fainter,
background-limited targets, our analysis shows that EBH values as low as 13
pixels can be used, but we do not recommend values smaller than 13 pixels to
ensure no significant signal is lost. To satisfy the majority of COS/NUV channel
users, we will maintain the conservative value of 57 pixels in CALCOS.

• We find that the mis-centering of the spectrum in each stripe can cause signif-
icant flux loss when the EBH is reduced. Due to target centering uncertainties
(sometimes up to 13 pixels in the cross-dispersion direction), the B SPEC value
listed in the XTRACTAB file may not be perfectly centered on the middle of the
stripe. While this will not have a significant impact on the flux accuracy in spectra
with a 57-pixel height, this effect may result in significant loss of signal for small
height values. We recommend that users who consider using an EBH smaller than
the current value of 57 pixels verify the centering of the spectrum in each stripe
before and customize if necessary.

• Appendix A contains instructions on how to customize the EBH and B SPEC val-
ues and recalibrate COS/NUV data in order to achieve optimal spectral extraction.
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Appendix A
For users who wish to customize the EBH for their data, below are detailed instructions
on how to do so with the Python coding language.

1. Install CALCOS onto your local machine. The easiest way to do this is to install
AstroConda from http://astroconda.readthedocs.io/en/latest/
index.html. AstroConda is a repository of free software maintained by the
Space Telescope Science Institute and includes most of the tools the user needs
to work with HST data, including CALCOS, in a single Anaconda Python envi-
ronment. The link above has instructions on how to install AstroConda on your
computer. In this work, we used CALCOS 3.1.8, Astropy 1.2.1, Numpy 1.11.1,
and Scipy 0.17.1. Once installed, open a BASH terminal and load the AstroConda
environment.

2. Download your raw data files from MAST at http://archive.stsci.edu/
hst/search.php, if you do not already have them. From this HST search
page, insert your proposal ID in the Proposal ID box and click “Search”. On the
next page, your data will appear and you can select the files you wish to recali-
brate. Then, click the “Submit marked data for retrieval from STDADS” button.
Note that if your data is still in its proprietary period, you will need to register for a
MAST account at https://archive.stsci.edu/registration/index.
html. The next page shows you the Retreival Options – be sure to check that you
want the uncalibrated data. You can also check the box for “Used Reference Files”
to download the reference files you’ll need in Step 4. More information about
downloading data from MAST is given in the HST Data Handbook http://
www.stsci.edu/hst/HST_overview/documents/datahandbook/hstdh_
intro.pdf in Chapter 1.

3. Set up a directory structure for running CALCOS. Before running CALCOS, you
will need to define an environment variable outside of Python to point to the loca-
tion of the directory with the necessary calibration reference files. The reference
files that CALCOS will use during calibration are listed in the raw science headers
and are preceded with the logical path name “lref$”. For example, on Unix/Lin-
ux/Mac systems you would use the command export lref=/dir/to/cos/cal ref/
in a BASH terminal, where “/dir/to/cos/cal ref/” is the path to your folder contain-
ing the reference files. An alternative to creating this environment variable is to
specify the full path names to each reference file in each raw science header.

4. Download the necessary calibration reference files. If you did not download the
reference files with your raw data from MAST in Step 2, you can use the HST
Calibration Reference Data System website, where users can upload a raw science
file and be prompted to download the appropriate references files needed. This
is located at https://hst-crds.stsci.edu/bestrefs/. Place these
references files into your lref directory.
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5. Make a copy of the XTRACTAB reference file and edit it to include your de-
sired EBH and B SPEC values for each stripe. Below is a Python script showing
how to do this for stripe A. (Note: Make sure you are in the AstroConda envi-
ronment, and then load an interactive Python window by typing “ipython”. You
can run this script by either copy/pasting into the terminal with your updated
values, or by creating a “.py” file that can be executed with the command run
youfilename.py in the terminal.)

import numpy as np
from astropy.io import fits

orig_xtractab = ’/your/path/to/xtractab_file.fits’

# open the original xtractab file and grab the table data

with fits.open(orig_xtractab) as f:
tabledata = f[1].data

# select the table column that corresponds to your obs. settings

select_stripe_A = np.where((tabledata[’cenwave’] == your_cenwave) &
(tabledata[’aperture’] == your_aperture) &
(tabledata[’segment’] == ’NUVA’) &
(tabledata[’opt_elem’] == your_opt_elem))

# replace the HEIGHT value at that column with a new EBH

tabledata[’HEIGHT’][select_stripe_A] = new_stripeA_EBH

# replace the B_SPEC value at that column with a new B_SPEC

tabledata[’B_SPEC’][select_stripe_A] = new_stripeA_B_SPEC

# write the updated table data to a file

f.writeto(your_updated_xtractab.fits)

6. Update your raw science headers to point to your new XTRACTAB file. Below is
a Python script showing how to do this for one file.

from astropy.io import fits

raw_file = ’/your/path/to/ipppssoot_rawtag.fits’

new_xtractab_file = ’/your/path/to/your_updated_xtractab.fits’

fits.setval(raw_file,’XTRACTAB’, value = new_xtractab_file, ext=0)

7. Run your rawtag or asn files through CALCOS. You can do this either in Python

Instrument Science Report COS 2017-03 Page 19



or from the command line. In Python:

import calcos
calcos.calcos(’filename_asn.fits’, outdir=’/path/to/your/outputfolder/’)

See Table 3.3 for optional arguments for running CALCOS in Python.

From the command line:

% calcos -o /path/to/your/outputfolder/ filename_asn.fits

The -o in the above command specifies the output directory. See Table 3.4 in the
COS Data Handbook for more command line options.
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