
Instrument Science Report COS 2023-05(v1)

Re-Normalizing the COS Flux
Calibration to New CALSPEC Models

Lauren P. Miller1 and Ravi Sankrit1

1Space Telescope Science Institute, Baltimore, MD

31 March 2023

ABSTRACT

New stellar atmosphere models are available for several flux standard White Dwarf
stars, including WD0308-565 and GD71, which are both used for flux calibration of the
Cosmic Origins Spectrograph (COS) instrument on the Hubble Space Telescope (HST).
These models were normalized to match revised Vega and Sirius magnitudes. Compared
to previously used models, the predicted flux increases by an average of 2% across
the COS wavelength range, with changes of up to 10% at short wavelengths found
for WD0308-565. We, therefore, updated the COS Photometric Throughput Tables, or
FLUXTAB reference files, for both the FUV and NUV observation modes. We applied
a wavelength-dependent scaling factor to the sensitivity curves found in the FLUXTABs
for the FUV at Lifetime Positions (LP) 1 through 4 and for the NUV. We have validated
our updated FLUXTAB files by re-calibrating our data and confirming that it matches
the CALSPEC standard models to within 2% or less. Seven new FLUXTABs were
delivered in February and June 2022 and are used for the COS data that is available on
MAST.
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1. Introduction

The absolute flux calibration for the Far Ultraviolet (FUV) and Near Ultraviolet (NUV)
observation modes on the Hubble Space Telescope (HST) Cosmic Origins Spectrograph
(COS) instrument relies on model atmospheres derived from composite stellar spectra
that serve as flux standards. These models can be found in the CALSPEC archival
database (Bohlin et al. 2014).

New models were recently calculated for some of the primary HST flux standard
white dwarf (WD) stars (Bohlin et al. 2020). These models were normalized to match
the measured absolute flux of Vega in the visible and with the Midcourse Space
Experiment (MSX) values for Sirius in the infrared. The remaining standard WD
models in the CALSPEC database were re-scaled to these newly derived models for
the primary calibrators, which resulted in changes of about 2% across the COS
wavelength range. Additionally, an entirely new model for WD0308-565 was
calculated to match recently obtained STIS data. The revised model has a higher
effective temperature and gravity compared to the previous models, and the predicted
fluxes increase by about 2% at 1950 Å, smoothly rising towards shorter wavelengths to
5% at 1200 Å, and up to 10% at 915 Å.

Almost all of the COS FUV spectroscopic modes use WD0308-565 for flux
calibration. For some lifetime positions (LPs), GD71 has been used to calibrate
detector segment FUV A for modes using G160M. GD71 is also the calibrator for all
of the NUV modes. The updates to the CALSPEC models have changed their fluxes
significantly enough that corresponding updates to the COS photometric throughput
tables contained in the FLUXTAB reference files are needed to maintain the calibration
within the specified accuracy. These tables provide the information needed to convert
from corrected detector counts to flux units for each optical element, central
wavelength and detector segment combination.

In this document, we describe our approach to updating the COS FLUXTABs for
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LPs 1 through 4 and for the NUV. The most recent models were already used in creating
the FLUXTABs for LP5 and LP6. We present the method used to determine the new
sensitivities, describe the technical and scientific testing of the updated FLUXTAB files,
and list the new reference files prepared.

2. Implementation

For COS FUV modes, the sensitivities and low spatial frequency flat fields (L-flats) are
calculated simultaneously by fitting high signal-to-noise observations of a standard star
with a synthetic model of the star (e.g. Sankrit et al. 2022). As a first step in
re-normalizing our flux calibration to the new CALSPEC models, we checked the
impact of the different models on the L-flat. We used the standard method to derive the
sensitivity and the L-flat for the G130M grating at LP4 using the calibration data
originally used for that purpose (PID: 14910, Fischer et al. 2018). We found that the
L-flats using the old and new models for WD0308-565 differed by less than 0.06% at
all wavelengths. Since the L-flats were not model dependent, as was demonstrated
during LP5 calibration efforts (Sankrit et al. 2022), it is sufficient to apply a
wavelength-dependent scaling factor to the sensitivity curves found in the
WD0308-565 derived FLUXTABs in order to update the flux calibration.

This scaling factor is a ratio between the new and old flux densities, J , (erg s−1

cm −2 Å−1) sourced from models of a photometric standard star and can be derived from
the equation for the relation between the observed count-rate, sensitivity and model flux,

C(λ,X) = Jold(λ)Sold(λ)Lold(X) = Jnew(λ)Snew(λ)Lnew(X) (1)

where S (count s−1 pixel−1 / erg s−1 cm −2 Å−1) is the sensitivity, and L is the L-Flat.
Because the L-Flat is independent of the model used, we can eliminate L. We can then
re-arrange the Equation 1 to obtain the relationship between the sensitivities and the flux
densities,

Snew(λ) =
Sold(λ)

(Jnew(λ)
Jold(λ)

)
(2)

The original models used to calibrate a given lifetime position, grating, central
wavelength, and segment for the COS FUV detector can be found in Table 1. The
new CALSPEC source flux models are model 006 for WD0308-565 and model 011 for
GD71. We provide a brief description for each of the models for WD0308-565 and
GD71.

• WD0308-565:

– Mod001, Teff=21805 K, log g=7.959
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– Mod009, Teff=21805 K, log g=7.959, same as Mod001 except for shift in
wavelength scale

– Mod003, Teff=21805 K, log g=7.959, result of scaling to STIS optical data
and has a slightly lower flux than Mod001

– Mod004, Teff=21805 K, log g=7.959, introduced in 2020, includes the
correction for the change in the Vega zero-point but does not match
recently obtained STIS data

– Mod006 Teff=22200 K, log g=8.041, newest model

• GD71:

– Mod006, Teff=32700 K, log g=7.6, used for the NUV modes

– Mod009, Teff=33590 K, log g=7.93

– Mod010, Teff=33590 K, log g=7.93, slightly different normalization than
Mod009

– Mod011, Teff=33301 K, log g=7.87, has also been corrected for the new Vega
zero-point, newest model

The relevant FLUXTAB reference files for the FUV and NUV were downloaded
from the HST Calibration Reference Data System (CRDS). Using a table of source flux
ratios and their associated wavelengths based on the old and new CALSPEC models,
we interpolated over the wavelength row of the FLUXTAB to calculate the ratio for a
specified wavelength. We divided the sensitivity row by this new table of interpolated
ratio values to obtain the scaled sensitivities, which were then saved to the reference
file. Figure 1 shows the scaling ratios as a function of wavelength used for deriving the
new sensitivity curves.

The technical verification of the new FLUXTAB files was done in two steps. First,
we verified that the ratios between the sensitivity arrays in the old and new FLUXTABs
matched the expected model ratios. We then compared spectra of either WD0308-565
or GD71 that have been re-calibrated using the new FLUXTABs to the original and
new source flux models for that standard star. These inspections provided us with
a consistency check to validate that the appropriate CALSPEC model was used to
amend a selected FLUXTAB. Table 2 lists the data set and target used for each changed
observation mode for the FUV. For the NUV, we used GD71 data from the original
spectroscopic sensitivity proposal (PID: 11479; PI: Aloisi). Examples of these plots can
be found in Figures 2 and 3. As the plots show, the residuals are within the required 2%
accuracy for the new models. Similar plots were generated for all cases to verify that
the FLUXTAB files were correctly updated.
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3. Scientific Validation of the Flux Calibration

We performed two tests to validate the FLUXTAB updates. In our first scientific test,
we re-calibrated COS data on flux standards using the new versions of the FLUXTABs
and compared the calibrated data with the targets’ associated CALSPEC models. The
procedure wis similar to the second technical verification test described in Section 2.
In the second test, we checked the consistency of the flux calibration across lifetime
positions by re-calibrating and comparing spectra of AV75, an O5.5 blue supergiant in
the SMC, which has been observed several times by COS.

The number of COS observations of flux standards that can be used for scientific
validation is narrow. Tables 3 and 4 show the list of programs and targets used for the
first test. Due to the limited nature of the data sets, the first scientific test is performed
for only the G160M gratings, cenwaves, and segment combinations that were available
at each LP. Example plots of the results for the FUV can be found in Figures 4 through
10. The calibrated data, the new and previous CALSPEC models for the target, and
the residuals between the data and models are shown in these plots. Nearly all of the
residual points fall within 2% for the newer CALSPEC models and therefore validate
our calibration.

The results for the NUV are shown in Figures 11 through 17. These sample plots
were chosen to be representative of the available NUV gratings and the variations that
we see between them. The plots exhibit systematic differences in the residuals across
the individual stripes NUVA, NUVB, and NUVC. These offsets are known
consequences of the existing NUV flux calibration. Improving the calibration of the
NUV involves creating a time-dependent sensitivity reference file (TDSTAB) with
wavelength-dependent slopes (W. Fischer, private communication). This will be
addressed in future work. In addition, for both targets WD1057+719 and GD191B2B,
we can see that the calibration quality is somewhat degraded at the edges of the
detector segment and at longer wavelengths due to vignetting.

For the second scientific test, we checked for consistency across lifetime
positions LP2 through LP4 for the FUV using re-calibrated data of AV75 from several
programs. These programs are listed in Table 5. Even though AV75 is not a standard
flux calibration star and the wind lines in the spectrum are known to vary in flux, it
appears to show little variability in the continuum. It has often been observed as part of
wavelength calibration programs for COS and is one of the few stars with observations
available at all LPs. We chose one common central wavelength, 1105 Å, and created a
single plot with each of the observed spectra. We then calculated the percent change in
the flux between spectra from LP2 and LP4, and from LP3 and LP4, as can be seen in
Figure 18. As a whole, the percent change was less than 5%, which is within our
specification for absolute flux accuracy. Discrepancies at wavelengths greater than
2000 Å can be ignored due to poor flux calibration at these longer wavelengths.
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Table 1. Impacted Lifetime Position and Modes Calibrated Using WD0308-565
(FUV)

Obs. Mode LP1 LP2 LP3 LP4

G130M/1055-1096 - Mod 004 - -
G130M/1222 - Mod 001 Mod 001 Mod 900

G130M/1291-1327 Mod 001 Mod 001 Mod 001 Mod 900
G160M/1533 - - - Mod 0031

G160M/1577-1623 Mod 001 Mod 001 Mod 0011 Mod 900
G140L/800 - - - Mod 003

G140L/1105-1280 Mod 001 Mod 001 Mod 001 Mod 900
1FUVB only. The original models for the FUVA segment at G160M

at these central wavelengths were created using data from GD71.
LP4/1533/FUVA used Mod 010 of GD71 and LP3/1577-1623/FUVA
used Mod 009 of GD71.

4. Summary and Reference Files Delivered

COS FLUXTAB reference files for both the FUV and NUV observation modes were
updated to match recently calculated CALSPEC models. This was accomplished by
scaling the sensitivities using the ratio between the new and old CALSPEC source
fluxes from either WD0308-565 or GD71. We scientifically tested the FLUXTAB files
by re-calibrating data from WD1057+719 and GD71 for the FUV, and WD1057+719
and G191B2B for the NUV, and verifying that the residuals when compared to the
CALSPEC model were within our 2% relative flux requirement. We also demonstrated
that the FUV flux calibration was consistent across lifetime positions. The seven
FLUXTABs were delivered to the CRDS reference file database in February (FUV)
and June 2022 (NUV) for use in the CalCOS pipeline. The filenames and their
associated use-after and activation dates are listed in Table 6. Following delivery, all of
the affected FUV and NUV data sets on MAST were re-processed with the updated
FLUXTABs.

Change History for COS ISR 2023-05
Version 1: 31 March 2023- Original Document
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Figure 1.: We apply a wavelength-dependent scaling factor to the sensitivity curves
found in the old FLUXTABs in order to update the flux calibration, as in Equation 2.
This plot shows these flux density ratios, Jnew

Jold
, as a function of wavelength. The blue

solid line is the ratio between the new model 006, and model 001 for WD0308-565. The
orange solid line is the ratio between the new model 006, and model 003 for WD0308-
565. The green solid line is the ratio between the new model 006, and model 004 for
WD0308-565. The red dashed line is the ratio between the new model 011, and model
006 for GD71 (used for the NUV modes). The purple dashed line is the ratio between
new model 011, and model 009 for GD71 (used for G160M FUVA modes at LP3). The
brown dashed line is the ratio between new model 011, and model 010 for GD71 (used
for G160M FUVA modes at LP4).
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Figure 2.: The top panel shows an observed spectrum (filled red circles) of WD0308-
565 obtained at LP1 in program 12426, central wavelength 1291, FUVA overlaid on
CALSPEC models (blue and cyan lines). The spectrum and models are binned by
5 Å. The bottom left panel shows the residual differences between the observation and
models. The residuals relative to the new model 006 lie within our required accuracy
of 2% except at the detector edge which is not well calibrated. As expected the older
models result in higher residuals. The bottom right panel shows the histograms of the
residuals, which peaked near zero for model 006.
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Figure 3.: The same as Fig. 2, but for an NUV spectrum of GD71 using G230L/2635
from program 11479.
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Table 2. FUV Validation Datasets

Lifetime Position Observation Mode Cal. PID ISR Reference Target Segment

LP1 G130M/1291-1327 12806 ISR 2013-09 WD0308-565 Both
LP1 G140L/All 12426 ISR 2013-09 WD0308-565 Both
LP1 G160M/All 12426 ISR 2013-09 WD0308-565 Both
LP2 G130M/1055,1096 13353 ISR 2022-14 WD0308-565 Both
LP2 G130M/1222, 1291-1327 12806 ISR 2013-09 WD0308-565 Both
LP2 G140L/All 12806 ISR 2013-09 WD0308-565 Both
LP2 G160M/All 12806 ISR 2013-09 WD0308-565 Both
LP3 G130M/1222,1291-1327 13932 ISR 2016-15 WD0308-565 Both
LP3 G140L/1105, 1280 13932 ISR 2016-15 WD0308-565 Both
LP3 G160M/1577-1623 13932 ISR 2016-15 WD0308-565 FUVB
LP3 G160M/1577-1623 13932 ISR 2016-15 GD71 FUVA
LP4 G130M/1222, 1291-1327 14910 ISR 2018-20 WD0308-565 Both
LP4 G140L/1105, 1280 14910 ISR 2018-20 WD0308-565 Both
LP4 G140L/800 15483 ISR 2019-04 WD0308-565 Both
LP4 G160M/1577-1623 14910 ISR 2018-20 WD0308-565 Both
LP4 G160M/1533 15458 ISR 2019-09 WD0308-565 FUVB
LP4 G160M/1533 15458 ISR 2019-09 GD71 FUVA

Table 3. FUV Scientific Testing Datasets-Test 1

Lifetime Position Cal. PID P.I. Target

LP1 12426 D.Massa WD1057+719
LP2 12806 D.Massa WD1057+719
LP2 13330 B.Peterson WD1057+719
LP2 12806 D.Massa GD71
LP3 16510 R.Sankrit WD1057+719
LP3 13932 J.Debes GD71
LP4 15680 R.Sankrit WD1057+719
LP4 14910 M.Rafelski GD71

Table 4. NUV Scientific Testing Datasets

Cal. PID P.I. Target

15778 W.Fischer WD1057+719
15778 W.Fischer G191B2B
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Table 5. FUV Scientific Testing Datasets-Test 2

Lifetime Position Cal. PID P.I. Target

LP2 13122 P.Sonnentrucker AV75
LP3 13969 P.Sonnentrucker AV75
LP4 15385 W.Fischer AV75

Figure 4.: Top panel: WD1057+719 observations (red filled circles) from PID 12426,
central wavelength 1577, FUVA calibrated using the new FLUXTAB, where the
sensitivities are scaled to the new CALSPEC model for WD0308-565. Also plotted
are the old (cyan) and new (magenta) models for WD1057+719. The bottom left
panel shows the residual differences and the bottom right panel histograms of their
distribution. The new CALSPEC model for WD1057+719 (Model 006) matches the
calibrated data to within 2% as required. Note that the layout of these plots is the same
as in Figure 2
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Figure 5.: As in Figure 4 except for WD1057+719, FUVB, G160M/1577 at Lifetime
Position 1 from PID 12426.

Table 6. Files Delivered to CRDS

Filename Observation Mode Activation Date Use-After Date

66r2010dl_phot.fits NUV 2022-06-28 2009-05-11
62m1953bl_phot.fits FUV/LP1 2022-02-22 2009-05-11
62m1953cl_phot.fits FUV/LP2 2022-02-22 2009-05-11
62m19535l_phot.fits FUV/LP3 2022-02-22 2017-10-02
62m19539l_phot.fits FUV/LP31 2022-02-22 2009-05-11
62m19538l_phot.fits FUV/LP4 2022-02-22 2017-10-02
62m19537l_phot.fits FUV/LP41 2022-02-22 2009-05-11

.

1There are two FLUXTABs for LP3 and LP4 with two different USEAFTER dates. The
newer USEAFTER date coincides with the start of operations at LP4. See ISR 2021-02
(Sankrit & Rowlands 2021) for more details
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Figure 6.: As in Figure 4 except for WD1057+719, FUVA, G160M/1611 at Lifetime
Position 2 from PID 12806.
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Figure 7.: As in Figure 4 except for WD1057+719, FUVB, G160M/1611 at Lifetime
Position 2 from PID 12806.
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Figure 8.: As in Figure 4 except for GD71, FUVA, G160M/1611 at Lifetime Position 3
from PID 13932.
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Figure 9.: As in Figure 4 except for WD1057+719, FUVA, G160M/1577 at Lifetime
Position 4 from PID 15777.
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Figure 10.: As in Figure 4 except for WD1057+719, FUVB, G160M/1577 at Lifetime
Position 4 from PID 15777.
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Figure 11.: As in Figure 4 except for WD1057+719, NUVA, G230L/2950 from PID
15778.
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Figure 12.: As in Figure 4 except for WD1057+719, NUVB, G230L/2950 from PID
15778. For an explanation of the offset, see Section 3.
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Figure 13.: As in Figure 4 except for WD1057+719, NUVB, G230L/2635 from PID
15778.
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Figure 14.: Similar to Figure 13, this plot shows the observed spectra for G191B2B,
G185M/1786 from PID 15778 and the newest model, model 011, at all three stripes for
the NUV. For an explanation of the offset, see Section 3.
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Figure 15.: As in Figure 14, except for G191B2B, G185M/1921 from PID 15778. For
explanation of the offset, see Section 3.
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Figure 16.: As in Figure 14, except for G191B2B, G185M/2010 from PID 15778.For
explanation of the offset, see Section 3.
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Figure 17.: As in Figure 14, except for G191B2B, G225M/2306 from PID 15778.For
explanation of the offset, see Section 3.
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Figure 18.: We checked for consistency across lifetime positions 2 through 4 for the
FUV using re-calibrated data of AV75 from several programs. We chose one common
central wavelength, G140L/1105, and created a single plot with each of the observed
spectra. We then calculated the percent change in the flux between spectra from LP2
and LP4, and from LP3 and LP4.

Instrument Science Report COS 2023-05(v1) Page 25



References
Bohlin, R. C., Gordon, K. D., & Tremblay, P. E. 2014, Publications of the
Astronomical Society of the Pacific, 126, 711-732. doi:10.1086/677655
Bohlin, R. C., Hubeny, I., & Rauch, T. 2020, Astronomical Journal, 160, 21.
doi:10.3847/1538-3881/ab94b4
Fischer, W. J., Rafelski, M., & De Rosa, G. 2018, Instrument Science Report COS
2018-20, “Flat Fields and Flux Calibrations for the COS FUV Channel at Lifetime
Position 4”.
Sankrit, R., Frazer, E., Dieterich, S., et al. 2022, Instrument Science Report COS
2022-4, “Flux Calibration of the LP5-Era COS FUV Modes”.
Sankrit, R. & Rowlands, K. 2021, Instrument Science Report COS 2021-2, “Cycle 27
COS/FUV Spectroscopic Sensitivity Monitor”.

Instrument Science Report COS 2023-05(v1) Page 26


	1. Introduction
	2. Implementation
	3. Scientific Validation of the Flux Calibration
	4. Summary and Reference Files Delivered
	Change History for COS ISR 2023-05
	References

