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Abstract. Planning for the JWST absolute flux calibration has begun. The science
goal is to be able to predict the absolute flux of stars for all JWST instruments to
sub-1% accuracy. A set of A0V, solar, and white dwarfs stars have been picked as a
preliminary calibration sample. These stars have been observed with a combination
of the Spitzer and Hubble Space Telescopes. The mapping of these stars to the
sensitivities of the JWST instruments is shown along with the comparison of the
Hubble and Spitzer flux calibrations. The Hubble calibration is !1% lower than the
o!cial IRAC calibration of Reach et al. (2005) and 1.5% lower than the proposed
calibration of Rieke et al. (2008).

1. Introduction

The planning for the JWST absolute flux calibration is briefly described in this paper.
The science goal for JWST is to predict the calibrator star fluxes to sub-1% for all JWST
instruments, in order to minimize this component of the 2% total error budget for the
imaging modes of the JWST instruments. To achieve the 1% accuracy, three di"erent types
of stars and multiple stars in each type are chosen. AV, solar, and white dwarf stars have
been picked given the relative ease of modeling their spectral energy distributions (SEDs).
A preliminary sample of these stars consists of 4 white dwarfs, 4 solar-type stars, and 6 AV
stars. These stars have been observed with a combination of the Spitzer and Hubble Space
Telescopes. How these stars map to the sensitivities of the di"erent JWST instruments is
shown. In addition, the comparison of the Hubble and Spitzer calibrations is summarized.
Most of the material presented verbally at the Workshop is published or in press. For more
details on the required flux ranges for each JWST instrument and how these calibrators
map to them, see the JWST report (Gordon, Bohlin et al. 2009). The Spitzer -IRAC vs.
Hubble cross calibration is in Bohlin et al. (2011).

2. Preliminary JWST Calibrator Sample

The full details of the preliminary JWST calibration sample can be found in Gordon et al.
(2009). The goal of the calibration sample is to provide a set of stars for each instrument
capability (e.g., band/spectral order). The preliminary sample provides at least 1 star for
each instrument capability but is clearly not enough stars given that the modeled IR SED
for each star will have some statistical uncertainty. Nevertheless, the preliminary sample
provides a starting point for the development of the JWST flux calibration.

The predicted flux distributions of the preliminary sample are shown along with the
range of sensitivities for NIRCam imaging and MIRI imaging and coronagraphy are shown
in Fig. 1. For the other instruments and capabilities, see Gordon et al. (2009). As can be

363



364 Gordon and Bohlin

Figure 1: The NIRCam and MIRI sensitivity limits and the spectra of the proposed primary
calibrators are shown with blue for WDs, green for A types, and red for G stars. The
sensitivity in each filter is given by the vertical bar where the min, middle, and max marks
give the min full frame, max full frame, and max subarray sensitivities, respectively. A
Kurucz model for Vega that matches the observed flux below 1 µm has been included to
illustrate that MIRI can observe very bright targets at the longest wavelengths.

seen, not all of the stars are observable in all the modes, but all stars can be observed in
some modes. This work demonstrates that a larger sample is required to fully cover the
JWST wavelength and dynamic ranges. The immediate goal is expanding the sample to
allow for at least 5 stars per type (AV, solar, and white dwarf/hot stars) in each instrument
filter/grating mode. The expanded sample will be reported in a future JWST report.

3. Comparison of HST and Spitzer-IRAC Flux Calibrations

The goal is to establish absolute flux standard with a 1% accuracy over the 0.8–30 µm range.
Even though the goal has not yet been achieved, current agreement among the IRAC flux
calibrations is better than 2.5%. HST fluxes are based on the modeled SEDs of three pure
hydrogen WDs: GD153, GD71, and G191B2B (Bohlin 2007, Bohlin et al. 2001). Fluxes for
sets of A and G stars are precisely measured by HST on this WD flux scale; and models are
fit and used to predict the mid-IR flux distributions. In order preclude systematic errors,
our strategy for calibrating JWST uses three di!erent stellar types: WDs, A, and G stars
in equal proportion. If all three types yield the same JWST instrumental sensitivities, then
a precision at the level of agreement can be claimed.

An example of the quality of fit of Castelli & Kurucz (2004, hereafter CK04) models to
the HST G star flux distributions is in Figure 2 per Bohlin (2010). While Bohlin & Cohen
(2008) found larger residuals among A star models, Bohlin (2010) found agreement for G
stars between the best fitting CK04 and MARCS models (Gustafsson et al. 2008) to 1% in
broad continuum bands as shown in Figure 3. Better grids of models are needed, especially
for A stars.
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Figure 2: The ratio of the HST fluxes to the best fitting CK04 model SED at R = 100
(small circles) and in the broad bands of Table 1 (large circles). The denominators are
interpolated from the CK04 model grid using the IDL routine model int.pro. The stellar
parameters for the CK04 models are in Bohlin (2010). The models are normalized to the
HST fluxes over the 0.6–0.9 µm range. Before binning to R = 100, the models are smoothed
to the resolution of the observations.
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Figure 3: Ratios of the best–fit MARCS models to the best fitting CK04 models at R=100
(small open circles) for the seven HST standard stars. The large thick open circles are
the ratios in the broad bands that are used to derive the best fits. The two sets of best–fit
models agree to !1% in the continuum, which is a measure of the uncertainty in the adopted
CK04 model SEDs beyond the long wavelength 2.5 µm limit of the NICMOS measurements.
The broad peaks near 4.6 µm are caused by slight di!erences in the strength of the CO
fundamental band, which is the most prominent solar feature in the mid–IR. The MARCS
models do not extend longward of 20 µm; but the flatness of the ratio from 10–20 µm attests
to the validity of the CK04 grid from 20–30 µm.
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Figure 4: Ratios of calibration constants computed from the HST based fluxes to the IRAC
values of Re05. WDs are in the top panel, solar analogs are in the center panel, and A stars
are at the bottom. One sigma error bars are shown on the points that di!er from unity
by more than 3!. The key to the individual symbols is at the right side of each panel.The
scales are the same for all three stellar types, but there is an o!set of 0.05 in the top panel.
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Figure 4 shows the level of agreement between the calibration of IRAC by Reach et al.
2005, hereafter Re05) and by the sets of proposed JWST standards with HST heritage.
The ratios for G and A stars average about 1% lower than Re05 and !1.5% lower than
Rieke et al. (2008). Most of the HST values agree with their average within the error bars.
The worst exception is for G191B2B with its 4! deviation, which suggest that there is some
problem with the NLTE model or the IRAC photometry. To help reduce the uncertainties,
a larger set of stars with HST heritage is being assembled.
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