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ABSTRACT

The STIS team monitors the time dependent sensitivity (TDS) of each grating with one
from a set of three secondary CALSPEC standard stars: GRW+70D5824,
AGK+81D266, and BD+28D4211. Here, we use the three primary CALSPEC White
Dwarf standard stars, dubbed the standard star “triad” (GD71, GD153, G191B2B), as
an independent set of standards to verify the accuracy of STIS TDS corrections derived
from the TDS monitoring stars, increasing the sample for each STIS L-mode from one
up to three or four standard stars. We focus on triad star observations using the STIS
L-mode gratings (e.g., G140L, G230L, etc.) with the same con guration as our
standard TDS monitoring programs, and compare the triad observations to the TDS
pipeline trends. Our analysis indicates the relative net count rates inferred from the
triad standards agree with the TDS trends derived from the TDS monitoring stars with
average residualx 2% across the full wavelength range of STIS, suggesting our
current TDS L-mode trends are reliable and robust. We note that the dispersion in the
residuals does vary with wavelength, with the NUV showing the lowest spread (
0.32% at 2400-25004) and the NIR the largest ( 1.32%6 at 9500-990A); however,

this scatter is also seen in our measurements of the TDS monitoring stars and is more
indicative of other instrumental effects. Our ndings rule out long term deviations,
such as variability in our TDS monitoring stars, within measurement uncertainties.
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1. Introduction

The STIS instrument has three operating detectors: the FUV-MAMA, NUV-MAMA,
and CCD. Each detector has a set of gratings which cover the broad wavelength range of
STIS from 1150 to 10,008. These gratings are differentiated by their resolution — low
(L), medium (M), and high (H) — and wavelength coverage. Time dependent sensitivity
(TDS) monitoring is a measure of the changing detector sensitivity since instrument
launch. TDS corrections are estimated by monitoring the empirical throughput of a
particular grating accounting for other sensitivity variations, such as temperature and
charge transfer inef ciency (CTI). The STIS team monitors the TDS using a selection
of representative gratings and a set of standard stars: GRW+70D5824, AGK+81D266,
and BD+28D4211, with observations occurring in several visits each year. The TDS
trends are handled by tloalstis  pipeline through the TDSTAB reference le.

Monitoring of the TDS trends began shortly after the instrument was turned on
(STIS ISR 1998-27). The STIS team routinely updates the TDS corrections used in
the pipeline based on the observed throughput changes to maintain the promised ux
accuracy of 4-8% depending on the con guration (STIS Instrument Handbook Section
16.1). The TDS is characterized by the throughput increase or decrease relative to the
throughput at the launch date of the instrument. Early TDS analyses sought to track
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the percent change of each mode per year to determine accurate throughput corrections
(STIS ISRs 1998-28 and 2001-01). Later analyses suggested the need for breakpoints
in the TDS trends, indicating a change in the observed rates (STIS ISRs 2014-02 and
2017-06). A commonly investigated topic is whether the breakpoints and trends are the
same between the L-modes and higher order modes. Analysis of the rst TDS data led
to the conclusion that the higher order modes follow the same trends as the L-modes,
and so the L-mode corrections were then applied for all other modes tatbigs

pipeline (STIS ISR 2001-01). Later analysis comparing the TDS trends observed for the
L-modes against those from the higher-order modes con rmed the general agreement,
with the exception of G430M (STIS ISRs 2014-02 and 2017-06). Given the historical
importance of the L-mode trends and that they are applied to all STIS observing modes,
an independent veri cation of the TDS monitoring stars is warranted.

STIS spectrophotometric uxes provide the observational backbone of the
CALSPEC ux standard library (Bohlin et al. 2014). However, STIS data in
CALSPEC is maintained with an independent data reduction pipeline, including
independently derived absolute ux calibration and TDS trends that rely solely on the
observations of the primary standard stars GD71, GD153, and G191B2B (Bohlin, R.
C. 2014 and 2018), which we refer to collectively as the “triad.” The triad stars have
been observed in a manner similar to our TDS monitoring programs since the launch of
STIS, but the sensitivity trends derived from these stars have not been directly
compared with those applied calstis  via the TDSTABs. Here, we use triad stars
to measure the TDS trends using the same analysis tools as for our normal TDS
monitoring stars.
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Table 1. All of the data used in this analysis organized by corresponding cycle,
proposal ID, grating, and the target(s) observed by that grating are listed. All of the
observations use aperture 52x2.

Cycle Proposal ID STIS Grating Target(s)
7 7063 G230LB GD153
G430L GD153
G750L GD153
7 7095 G230LB GD153
7096 G140L GD153
G230L GD153
7 7097 G140L GD153
G230L GD153
7 7656 G1l40L GD71, GD153
G230L GD71, GD153
G230LB GD71, GD153
G430L GD71, GD153
G750L GD71, GD153
7657 G230LB GD71
7674 G750L GD71, G191B2B
7 7805 G230LB  GD153, G191B2B

G430L GD153, G191B2B
G750L GD153, G191B2B

7 7917 G140L GD71
G230L GD71
7 7932 G140L GD71
7937 G140L GD71

G430L G191B2B

7 8016 G140L GD153
G230L GD153
8 8421 G140L GD71
G230L GD71
G230LB GD71
G430L GD71
G750L GD71
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Table 1. (contd)

Cycle Proposal ID STIS Grating Target(s)

8 8505 G1l40L GD71
G230L GD71
G230LB GD71
G430L GD71
G750L GD71

9 8849 G230LB G191B2B
G430L G191B2B
G750L G191B2B

10 8915 G230LB G191B2B

10 8916 G140L GD71, GD153
G230L GD71, GD153
G230LB GD71, G191B2B
G430L GD71
G750L GD71, G191B2B

12 10039 G140L GD71, GD153
G230L GD71, GD153
G230LB  GD71, GD153, G191B2B
G430L GD71, GD153, G191B2B
G750L GD71, GD153, G191B2B

17 11393 G140L GD153

17 11394 G230L GD153

17 11403 G140L GD153
G230L GD153

17 11889 G230LB G191B2B
G430L G191B2B
G750L G191B2B

17 11999 G140L GD71, GD153
G230L GD71, GD153
G230LB GD71, GD153
G430L GD71, GD153
G750L GD71, GD153

18 12392 G230LB G191B2B
G430L G191B2B
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Table 1. (contd)

Cycle Proposal ID STIS Grating Target(s)
G750L G191B2B

19 12682 G140L GD153
G230L GD153
G230LB GD153
G430L GD153
G750L GD153

19 12737 G140L GD71
G230L GD71
G230LB GD71, G191B2B
G430L GD71, G191B2B
G750L GD71, G191B2B

19 12813 G230LB GD71, G191B2B
G430L GD71, G191B2B
G750L GD71, G191B2B

20 13162 G140L GD153
G230L GD153
G230LB GD153
G430L GD153
G750L GD153

21 13599 G140L GD71, GD153
G230L GD71, GD153

G230LB GD71, GD153, G191B2B
G430L GD71, GD153, G191B2B
G750L GD71, GD153, G191B2B

24 14861 G140L GD71, GD153
G230L GD71, GD153
G230LB GD71, GD153, G191B2B
G430L GD71, GD153, G191B2B
G750L GD71, GD153, G191B2B

26 15602 G140L GD71, GD153
G230L GD71, GD153
G230LB GD71, GD153, G191B2B
G430L GD71, GD153, G191B2B
G750L GD71, GD153, G191B2B

28 16436 G140L GD71, GD153
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Table 1. (contd)

Cycle Proposal ID STIS Grating Target(s)

G230L GD71, GD153

G230LB GD71, GD153, G191B2B
G430L GD71, GD153, G191B2B
G750L GD71, GD153, G191B2B

28 16438 G140L G191B2B

2. Observations

The triad is observed every other cycle, one exposure per triad star per L-mode, by PI
Ralph Bohlin since 2016 (e.g., HST program ID 15602, 16436, 16966). Prior to these
programs, the triad had been observed every few years dating back to the launch of
STIS in 1997 (e.g., HST program ID 7656). These programs observed the triad with
the same con guration as our current TDS monitoring programs, i.e., using the same
apertures, gratings, and cenwaves. However, the suite of observations of the triad is
much smaller than the suite of observations of the TDS monitoring stars. We prioritized
selecting as much data as possible for each star and grating that satis ed prede ned
criteria: the desired star, grating with a central wavelength corresponding to the nominal
value for that grating, and an aperture of 52x2. The 52x2 aperture is used because it
has the highest photometric accuracy (STIS Instrument Handbook Section 13.4). We
excluded exposures with zero second exposure times and organized data sets into those
with exposures> 200 seconds and those 200 seconds. This was done to study the
effect of lower signal-to-noise (S/N) observations on the uncertainties of the trends. Our
TDS analysis relied on the pipelixéd.fits andsxl.fits les; however, we also
included theflt.fits les for examinations of cosmic ray rejection as well as the
correspondingx2.fits andraw.fits for completeness. In Table 1, we list the
proposal information for the data analyzed here. The proposals listed also include data
taken with the 52x2E1 aperture, which we exclude from this analysis.

3. Methods

The standard TDS analysis software performs the following steps:

1. The net count rates for every observation are corrected in order to isolate the
effects of the TDS. Those corrections include charge transfer inef ciency (CTI)
for the CCD, red halo correction for G750L, and temperature-dependent
sensitivity for the CCD and FUV-MAMA.

2. The corrected net count rates and uncertainties for each exposure are separated
into wavelength bins spanning 50, 100, or 20A depending on the grating (see
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Figure 1. The relative sensitivity as a function of time for G140L data of GD71. The
solid blue line indicates atest t performed by the code, but not used in our analysis. The
vertical dotted black line indicates a break point in the t. All error bars are included.
The title indicates the: grating, aperture, central wavelength of grating, and starting
wavelength of the bin ir.

Table 4 of STIS ISR 2014-02 for binning information). The TDS of each star and
low-order grating will therefore be characterized by 11-15 different wavelength
bins.

3. Aweighted sum of the net count rates in each bin is calculated, where the weight is
determined by the number of pixels in a bin. The uncertainties are then propagated
from the weighted sum and calculated using BEiRRORarray in thex1d.fits
andsx1.fits les.

4. The summed net count rates and uncertainties for each bin are then plotted as a
function of time for exposures with matching star, grating, and aperture.

5. Alinear tis performed to estimate the change ra¥@/yr). The t relies on
the adopted reference time (year 1997.38 = MJD 50587.0) as a tting parameter
and iterates using a segmented line model (see STIS ISR 2017-06 for a brief
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description of the tting procedure and STIS ISR 2014-02 for a more in-depth
description of how the time breakpoints are derived). Based on the t, the net
count rates are all normalized by the reference time tting parameter, such that
the TDS at the reference time = 1. An example plot of the tted sensitivity data is
shown in Figure 1.

6. Finally, the normalized TDS net count rates and uncertainties are plotted
alongside the adoptethlstis  pipeline trend for comparison. An example of
this step is shown in Figure 2.
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Figure 2. A time dependent sensitivity plot using G140L data of the triad stars GD71
and GD153, for the bin of starting wavelength 1480 All exposures use aperture
52x2. The red trend line indicates the adopted pipeline TDS from our TDS monitoring
standard stars. The shaded region indicat2® around the adopted TDS trend. Error

bars are included.

4. Data Reduction

Our sample sizes for each triad star and grating are relatively small wi

observations compared to hundreds for our TDS monitoring stars. However, not all of
the exposures were taken with nominal con gurations. Some of them have slightly
different parameters, such as different MSM offsets (for the MAMAS) or detector gains
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(for CCD observations). Additionally, several exposures required recalibration (e.g., to
improve cosmic ray rejection). We corrected these issues where possible, and in this
section we describe the improved reduction. This discussion follows the order in which
the gratings were analyzed, from shortest to longest wavelength.

4.1 FUV and NUV-MAMA Reduction

4.1.1 POSTARG Issues

Starting with G140L, we identi ed a few observations not centered at the nominal
position on the detector. Offsets from the nominal position are recorded in the header
keywords a®®OSTARGANdPOSTARGZcorresponding to shifts in the dispersion and
cross-dispersion directions. A nominal exposureP@QSTARGE 0.0 andPOSTARG?2

= 0.0. For consistency with the standard TDS analysis, we include only datasets at the
nominal position in the cross-dispersion directiorPQSTARGZ 0.0, as a non-zero
POSTARGZ2xposure would place the target spectrum on a different part of the detector,
which might require a different TDS characterization.

4.1.2 MSM Offset Issues

An alternative way of moving the location of the spectrum on the detector is by tilting
the gratings with an offset of the mode selection mechanism (MSM). The target is still
at the center of the aperture, but the image of the aperture is shifted on the detector.
Monthly offsets of the MSM are applied to all G140L and G230L GO data to more
evenly deplete charge on the MAMAS, but special commanding to disable this offsetting
is routinely applied to TDS datasets. We found that triad star data taken for Cycle 7
HST Program 8016 contained non-zero MSM offsets, and these were excluded from the
analysis.

4.2 CCD Reduction

The following sub-sections pertain to the CCD gratings (G230LB, G430L, and G750L):

4.2.1 Gain Changes

Unlike the primary TDS monitoring observations where all are taken with a gain of 1
(CCDGAIN= 1), the exposures in this suite of observations have a m&GDGAIN=

1 andCCDGAIN= 4 exposures. A direct comparison of the raw net count rates between
the two types of datasets would therefore be off by a factor4fTo resolve this issue,

we multiplied the net count rates of t@ECDGAIN= 4 exposures by the actual gain of
the CCD ATODGAIN found in the header of each exposure.
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Figure 3. The same caption as Figure 2, but for the G230L bin of starting wavelength
2300A.

4.2.2 Cosmic Ray (CR) Overcorrection

A recurring issue with each CCD grating was individual exposures having suspiciously
low relative net count rates. In STIS data, a cause of this could be an overcorrection
for cosmic rays reducing the overall net count rate in an exposure. This issue was
investigated in STIS ISR 2019-02, where it was found that in the cosmic ray rejection
process of the pipeline, datasets with misalig@®SPLIT sub-exposures removed
pixels preferentially in the spectral extraction region. This is because the peaks of the
line spread functions are slightly shifted between the sub-exposur&RJ8PLIT =

2 datasets in particular, the count difference due to the spatial shift causes the pixels
with higher (real) counts to instead be agged as cosmic rays and removed from the
combined image.

We checked for this phenomenon by calculating the percentage of pixels removed
from the extraction region as compared with the background, with greater th&s 2—-3
more pixels removed in the extraction region noticeably reducing the net count rate
and therefore the ux. We inspected individual exposures in our TDS trends using
crrej _exam.py (STIS ISR 2019-02) and found that in a few instances the CR pixel
removal in the extraction region was as high a%3®e ran these exposures through
a CR re-correction code — thatistools module ocrreject.py — where we
changed th€RSIGMASf CR selection and set thHITGUES to ‘'min' as opposed to
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Figure 4. The same caption as Figure 2, but for the G230LB bin of starting wavelength
2600A, and triad stars GD153 and G191B2B.

‘median’ in thecalstis  pipeline! We tweakedCRSIGMASo 10 or higher until the

CR pixel rejection in the extraction region was withith®f the rest of the detector. The
maximumCRSIGMASeeded was 22. The data reduced with the updated CR rejection
saw net count rates increase by as much%®8d typically brought them in line with

the TDS trends of the unaffected exposures.

5. Results and Conclusions

Figures 2—6 show representative plots of our nal TDS comparisons for each of the
5 L-mode gratings. They show the measured TDS trends of the triad stars compared
to the pipeline TDS trends derived from our TDS monitoring stars. Appendix A has an
expanded set of gures for each grating that includes three bins: the shortest and longest
available wavelength bins and one intermediate wavelength bin. Our conclusions are
based on residuals between the relative count rate of each triad star and the TDS pipeline
corrections (residual = (relative count rate - pipeline) / pipeline), as can be seen in the
“% Residuals” subplot of our TDS gures. We compare the average of the residuals
for a given wavelength bin, such as the 2600®in of G230LB in Figure 4, in order to

1Thestistools documentation can be found &ttps://stistools.readthedocs.io/
en/latest/index.html . Note thatocrreject  _exam.py has replacedrrej _exam.py .
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Figure 5. The same caption as Figure 2, but for the G430L bin of starting wavelength
4500A, and all three triad stars.

determine how close the residual values are to the pipeline trends. An average residual
of 0% indicates that the relative count rates for that wavelength bin exactly matches the
pipeline t, and an average residual outsid@% would indicate that the relative count
rates are outside the STIS team's threshold for an accurate TDS pipeline correction. We
also calculated the standard deviation of the residuals to quantify the spread of the triad
observations about the TDS pipeline correctiérighe average residuals and standard
deviations for each wavelength bin have been tabulated in Table 2 in Appendix B.

The average residuals of the G140L bins are consistently betw@e®—0.30%,
but the shortest and longest wavelength bins have standard deviations on the order of
1% (e.g., 0.09 1.11% for the 1150A bin). The average residuals of the G230L
bins have similarly large standard deviations in the shortest wavelength bin, such as
the 1600A bin with an average residual of -0.26 1.31% (see Figure 8 in Appendix
A), but otherwise have average residuals #&.5%. G230LB behaves similarly to

2For a more robust statistical analysis, we can use these standard deviations, and rely on the
assumption that STIS data follow a normal distribution in the high count regirmelQ counts) (STIS
Data Handbook Section 5.5.4). Under this treatment, the standard deviatioha( mean residual being
2 away from 26, would indicate an 95% probability that the sensitivity trend of the count rates in a
given wavelength bin is within our 2% threshold. Relying on Table 2, we can see that this is true for
the majority of data samples (e.g., G230LB observations of GD153), and wavelength bins whic¢h are
from having a 2% average residual follow expected behavior as described in this section.
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Figure 6. The same caption as Figure 2, but for the G750L bin of starting wavelength
7500A, and all three triad stars.

G230L with the highest deviation occurring in the 1®in (-0.02 0.96%), and the
majority of bins constrained to within @& The G430L residuals are also consistently
constrained as compared with ou2% threshold at about%; however, there is a
consistent negative offset relative to the trend (see Figure 10 in Appendix A), which
requires further investigation. Finally, G750L shows excellent agreement (for example,
0.06 0.%% for the 5900A bin) until reaching the reddest wavelengths at 780énd
onward, where the standard deviation increasesl¥, such as the 8708 bin with an
average residual of 0.39 1.2%.

In all cases, our TDS trends derived from the triad of standard stars either match
the TDS calibrations adopted in the pipeline to within th&%, or, where the standard
deviations are largest, exhibit the same behavior as our TDS monitoring stars. For
example, a few bins of G140L (FUV-MAMA) and G230L (NUV-MAMA) have
standard deviations 1% (e.g., 1.26% in the 1550-160@ bin of G140L), indicating
a larger spread of the relative count rates around the pipeline TDS trends, whereas
most bins of the CCD have standard deviatieht%. This behavior is similarly
observed in our TDS monitoring programs and is, therefore, expéde@750L, an
increasing relative sensitivity at the reddest wavelengths (see Figure 11c in Appendix
A) is the result of a lack of fringe correcting in our TDS code (STIS ISR 2017-06).
This behavior matches what we see from the TDS monitoring stars and again
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encourages further investigation. The pipeline trends may require updates in those
regimes based on observations of the TDS monitoring stars. We note that in some
cases the limited number of exposures taken with nominal settings makes this type of
analysis more challenging. In particular, observations of GD71 taken with G230LB
were taken predominantly pre-Servicing Mission 4 (pre-SM4) and do not provide a
complete time coverage of the TDS. We highlight, however, that the available
exposures are qualitatively similar to the adopted TDS pipeline trends. There are also
52x2E1 aperture observations available which align well with the pipeline trend in the
post-SM4 era, suggesting G230LB observations of GD71 show overall agreement with
the pipeline, as well as supporting a scenario where the sensitivity at the nominal and
E1 positions are comparable to each other.

Our analysis indicates the TDS trends adopted from observations of
GRW+70D5824 and AGK+81D266 robustly describe the TDS of the STIS L-modes.
This analysis also rules out long term deviations, such as variability in our TDS
monitoring stars, within measurement uncertainties. The team, therefore, will continue
using GRW+70D5824 and AGK+81D266 to monitor the L-modes as they have
provided an accurate characterization of the TDS. The STIS team historically applies
the L-mode analysis to the M-modes and echelles, but as mentioned in STIS ISR
2017-06, uncertainties in the accuracy of this method will be investigated (e.g.,
deviations from thecalstis pipeline trends described in STIS ISR 2004-04). The
team will continue monitoring the three secondary standard stars in this report for
independent validation.
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Appendix A

All the following gures give three example TDS comparison plots for each available
star and each grating. For comparison, we chose the same three wavelength bins for
stars observed with the same grating.
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Figure 7. These are three time dependent sensitivity plots using G140L data of the triad
stars GD71 and GD153. Each panel corresponds with a bin of starting wavelength: a)
1150A, b) 1350A, and c) 165, respectively. All exposures use aperture 52x2. The
red trend line indicates the adopted pipeline TDS from our TDS monitoring standard
stars. The shaded region indicate2% around the adopted TDS trend. Error bars are
included.
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Figure 8. The same caption as Figure 7, but for panels corresponding with G230L bins
of starting wavelength: a) 1608, b) 2100A, and c) 300, respectively.
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Figure 9. The same caption as Figure 7, but for panels corresponding with G230LB
bins of starting wavelength: a) 1700, b) 2400A, and c) 29004, respectively, and
triad stars GD153 and G191B2B.
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Figure 10. The same caption as Figure 7, but for panels corresponding with G430L bins
of starting wavelength: a) 3108, b) 3900A, and c) 530, respectively, and all three
triad stars.
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Figure 11.The same caption as Figure 7, but for panels corresponding with G750L bins
of starting wavelength: a) 5508, b) 7900A, and c) 950, respectively, and all three
triad stars. Along with Figure 6, note that there is additional scatter for Post-Servicing
Mission 4 data at redder wavelengths. This is observed with the TDS monitoring stars
as well (STIS ISRs 2017-06 and 2021-01).
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Appendix B

The following table contains the unweighted average and standard devia}iohthe
residuals in Figures 2-11. The bin numbeAinndicates the starting wavelength of that

bin. The residuals are between the relative sensitivity of the standard star triad and the
TDS pipeline trends. The standard deviation of the residuals is a measure of the spread
of the percent difference between the triad net count rates and the TDS pipeline trends
throughout the lifetime of STIS. Where no data are available, a “—” is included. The “All
Data” column contains the unweighted average residuals of all available exposures for a
given grating and wavelength bin. An unweighted average is used due to the similarity
in data sample size and standard deviation for each triad star.
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Table 2. The average percentage agreement between the standard star triad (GD71,
GD153, and G191B2B) data and the adopted STIS TDS pipeline trends. The average
residual and standard deviation) for a triad star's data in units of percentage are
provided where available. The unweighted average residuals of all available data for a
given grating and wavelength bin are also included.

Average Residual (%)

Grating Bin @) GD71 GD153 G191B2B All Data
Gl40L 1150 0.23 1.03 0.08 1.18 - 0.09 1.11
1200 0.05 0.78 0.01 0.59 - 0.03 0.70
1250 0.06 0.68 0.17 0.55 - 0.11 0.62
1300 0.13 0.86 0.01 0.66 - 0.07 0.78
1350 0.03 0.86 0.04 0.68 - 0.03 0.78
1400 0.25 092 0.35 0.91 - 0.30 0.92
1450 0.15 0.87 0.24 0.89 - 0.19 0.88
1500 0.15 0.99 0.03 0.91 - 0.10 0.96
1550 0.12 1.26 0.22 1.26 - 0.17 1.26
1600 0.09 0.98 0.08 0.93 - 0.01 0.96
1650 0.32 111 0.04 1.16 - 0.15 1.15
G230L 1600 0.34 126 0.18 1.36 - 0.26 1.31
1700 0.27 056 0.13 0.53 - 0.2 055
1800 0.03 0.63 0.09 0.66 - 0.06 0.64
1900 0.14 055 0.24 0.68 - 0.19 0.62
2000 0.18 0.54 0.39 0.59 - 0.28 0.57
2100 0.10 0.5 0.04 0.35 - 0.07 0.44
2200 0.26 054 0.18 0.36 - 0.22 0.47
2300 0.05 0.43 0.02 0.39 - 0.02 041
2400 0.06 0.32 0.03 0.32 - 0.04 0.32
2500 0.16 0.3 0.13 0.43 - 0.14 0.37
2600 0.09 0.33 0.18 0.42 - 0.13 0.38
2700 0.15 0.34 0.22 0.46 - 0.18 0.40
2800 0.08 0.45 0.14 0.49 - 0.02 0.49
2900 0.07 0.33 0.15 047 - 0.04 0.42
3000 0.01 0.36 0.29 0.63 - 0.14 0.52
G230LB 1700 - 0.24 0.9 0.39 0.93 0.02 0.96
1800 — 0.10 0.85 0.70 061 0.35 0.81
1900 - 0.40 0.71 043 058 041 0.66
2000 - 056 0.78 051 060 0.54 0.72
2100 - 0.31 0.65 0.26 062 0.29 0.64
2200 - 0.31 057 0.26 055 0.29 0.56
2300 — 0.35 0.56 0.22 050 0.30 0.54
2400 - 0.20 0.42 0.28 050 0.23 0.45
2500 - 0.20 054 033 047 0.25 051
2600 - 0.15 039 0.12 039 0.14 0.39
2700 - 0.19 043 0.08 040 0.14 o042
2800 — 0.18 0.42 011 0.36 0.15 0.40
2900 — 0.02 034 011 0.36 0.03 0.36
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Table 2. (cont'd)

Average Residual

(%)

Grating Bin @) GD71 GD153 G191B2B All Data
G430L 2900 0.07 097 0.19 0.84 0.21 0.79 0.15 0.88
3100 0.50 086 0.29 042 031 083 0.37 0.72
3300 036 083 0.14 037 033 075 0.27 0.67
3500 035 081 053 060 048 080 0.46 0.74
3700 043 083 0.27 065 033 080 0.34 0.76
3900 025 076 037 053 054 089 0.37 0.73
4100 031 0.74 049 061 050 0.88 043 0.74
4300 0.28 066 057 0.65 062 090 048 0.74
4500 0.20 0.60 030 045 055 084 0.33 0.64
4700 025 065 045 055 059 091 041 0.71
4900 0.26 059 048 065 058 083 043 0.69
5100 0.13 055 047 0.67 058 0.77 0.38 0.68
5300 0.16 040 045 056 0.73 0.73 0.42 0.60
5500 0.10 044 0.71 0.78 051 0.68 0.44 0.70
G750L 5500 0.03 031 0.31 0.67 0.29 0.70 0.04 0.63
5900 0.11 030 0.10 045 0.19 0.66 0.06 0.50
6300 0.03 0.28 0.02 0.34 0.13 0.60 0.04 0.42
6700 0.04 032 0.04 035 0.04 0.64 0.01 045
7100 0.11 042 0.08 044 0.05 0.53 0.00 0.47
7500 001 052 0.05 059 0.02 061 0.02 0.58
7900 057 100 0.70 1.26 0.07 0.85 0.46 1.09
8300 052 097 051 113 0.04 086 0.35 1.03
8700 051 111 069 132 011 097 0.39 1.20
9100 056 119 053 091 0.07 1.03 0.40 1.07
9500 054 123 1.07 142 023 113 0.64 1.32
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