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ABSTRACT

When observing with the slitless Low Resolution Spectroscopic (LRS) mode of the MIRI instrument on board
the James Webb Space Telescope (JWST), photons at wavelengths shorter than the nominal wavelength range (5
pm - 12 pm) can reach the detector. In this paper, we study the impact of such photons in terms of opportunity
to get spectral information below the nominal cut on, and in terms of possible contamination of the nominal
spectrum by those photons. First, we present new laboratory measurements done to characterize the transmission
and dispersion of the LRS disperser element, a Double Prisms Assembly (DPA), in the 3-5 um wavelength range.
We confirm a transmission peak at the level of about 30% around 3.7 pm and validate the dispersion optical
model. We use the information to simulate how the short wavelengths will impact the spectroscopic images
obtained during slitless LRS observations of bright stars; we see a bright spot at the pixel corresponding to the
3.7 pm. Such a spot has indeed been seen in the spectral images obtained during the commissioning of MIRI
in May-June 2022; the level of the observed spot is lower than predicted. Such a feature could be useful when
observing exoplanets, as it can bring addition information on the exoplanet atmosphere. The effect of spectral
contamination is difficult to assess precisely; but, according to the modelisation we did, it is low: at most 7 %
in the 5 - 6 um range and negligible at longer wavelengths.
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1. INTRODUCTION

The Low Resolution Spectroscopic (LRS) mode of the MIRI Imager (MIRIm) produces low-resolution spectra
via a Double-Prism Assembly (DPA) which consists of the combination of two prisms, one in Ge and the other
one in ZnS, mounted in the MIRI filter wheel. With such a design, the spectral resolution decreases as the
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wavelength decreases and varies from a spectral resolving power (R = A/A\) of about 40 at 5 pum, to 100 at 7.5
pm, and close to 160 at 10 ym. The LRS offers both slit and slitless spectroscopy from 5 to 12 pum. Spectra are
imaged onto the imager detector array.? Slitless spectroscopy is only available for time-series observations of time
variable phenomena, such as transiting exoplanets or eclipsing binaries, while the LRS slit mode is suited to a
broad range of spectroscopic observations. While slitless LRS mode is ideal for high-precision spectrophotometric
observations of bright point-source targets, the slit mode gives better performance for faint targets, as background
radiation is blocked by the masking structure around the slit.

The dispersion profile folds over below 3.9 pum, superimposing two parts of the spectrum onto each other
(see Figure 1). To avoid this contamination a dedicated filter has been mounted over the slit to block radiation
shortward of 4.5 ym.” This effect is not mitigated for LRS in slitless mode, causing some contamination, but also
giving the opportunity to get spectral information shortward the nominal minimum wavelength of 5 ym. The
knowledge on the properties of the DPA at wavelengths shorter than 5 um is limited to a measurement of the
transmission at room temperature (see Figure 2) and a theoretical dispersion from the optical model. That is
why we decided to use the spare DPA to measure the DPA transmission and dispersion in the 3-5 ym wavelength
range at the operating temperature of 7K. The results of these measurements are shown in section 2. In section 3,
we have used these measurements to simulate spectral images expected from slitless LRS observations, including
wavelengths shorter than 5 microns. Then, in section 4, we compare the simulations with real data obtained
during the commissioning of MIRI. In section 5, we discuss the impact of short wavelengths when characterizing
the atmosphere of exoplanets and conclude in section 6.
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Figure 1. Pixel number where the photons arrive after dispersion by the double prism as a function of wavelength. We
can notice that the curve folds at 3.9 pm.

2. LABORATORY MEASUREMENTS
2.1 Test bench

To do a new series of tests, we used the test bench developed at CEA-Saclay to test MIRIm, the imager of
MIRI. It consists of : (i) an ambient temperature telescope simulator that includes a JWST-like pupil mask; (ii)
an infrared point source with a shutter mounted on a remotely controlled hexapod; (iii) a black body source
that can be adjusted between 1150 K and 2000 K, which feeds a monochromator from the Bentham Company,
TMc150 type, for which the wavelength calibration accuracy is better than +2 nm; (iv) a cryostat containing the
engineering model of MIRIm; (v) a focal plane module developed at CEA with a NASA /JPL loaned Sensor Chip
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Figure 2. Overall transmissions curves for the LRS double prism (cyan), and for the LRS double prism + slit and filter
(blue) (see Kendrew et al. 2015)
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Figure 3. An overview of the MIRI tests bench at CEA-Saclay

Assembly (SCA) fitted with a Raytheon SB305 engineering model of the flight detectors of MIRI. An overview
of the tests bench is shown in Figure 3.

2.2 Measurements

We measured the transmission and the dispersion of the DPA at short wavelengths (between 3 and 5 pm) during
two series of tests, one in 2018 and the other in 2021. We did the measurements according to the following
protocol. A first measurement was done with the DPA in position in the beam. Then we turn the filter wheel
and go to the ’hole’ position. The ratio of the two signals is proportional to the transmission of the DPA. We scan
the wavelength range of interest; the factor of proportionality being independent of the wavelength. The factor
of proportionality is obtained by normalizing the measurements in the 5-6 microns range with the transmission
curve given by the manufacturer. We used the sub-array on the upper left region of the detector called Slitless
mode (see Figure 2 in?). The source diaphragm was set to 75 gm. The monochromator entrance slit was set to
5 mm as we wanted as much flux as possible.

Proc. of SPIE Vol. 12180 121800Z-3

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 16 Dec 2023
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



normalized transmission versus wavelength normalized transmission versus wavelength for July 2022

100 | —* May 2018/1.4 60 —— shifted calibration reference file
—+— Octoberz018fng4 00 0_ T 5 calibration reference file
O July2021 50 4 & July2021
80 - July2021bis July2021bis

404

60 1
304

40 —— 20 1

transmission %
transmission %

.. I}%}} ..... 2

20 A

—10 4

=20+ T T T T T T T T T T T T
3.0 3:5 4.0 4.5 5.0 55 6.0 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6
wavelength, micron wavelength, micron

Figure 4. Left : overall transmission observed at Saclay. large wavelength range on the left, zoom in region of interest on
the right; the manufacturer curve is in red dot, solid line is the same curve shifted by 0.17 pum toward short wavelengths.
Error bars are 1 o.

Dispersion of MIRI LRS Double Prism
280.0

— reference
277.5 4 Saclay
275.0 4
% 2725 —/ \
&
=
b 270.0+4
o
(=8
&
T 267.59
S
265.0 4
262.5 4
260.0 T T T T T T
3.2 3.4 3.6 3.8 4.0 4.2 4.4

wavelength [um]

Figure 5. Comparison at wavelength in the 3.3 - 4.5 um range of the optical model dispersion curve with measurements

2.3 Results

Figure 4 shows the measured DPA transmission as a function of the wavelength from the various tests in 2018 and
2021. We confirm that there is a bump in the DPA transmission around 3.7 ym. The position of the peak varies
by 0.05 pm between the tests in May 2018 and those in July 2021; we consider that this represents the uncertainty
in the wavelength peak of the bump. Note that the bump is shifted by 0.17 pgm to the short wavelengths when
compared to the curve from the manufacturer. This might be due to the difference in operating temperature of
the DPA when the measurements are done (ambient for the manufacturer and 7K for the test at Saclay).

We have also measured the dispersion of the DPA at short wavelengths. As shown in Figure 5, the positions
on the array of the source as a function of the wavelength fit relatively well with those expected from the optical
model. We noticed that the image quality was degraded (see Figure 6). We checked the optical quality with
the optical model; and indeed the image quality is degraded as we are pushing the use outside the nominal use
(shorter wavelengths and in a corner of the array).
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3. SIMULATED SPECTRUM

Having a measurement of the transmission and a validated dispersion curve in the 3- 5 um, we can extend our
simulation to this wavelength range. For the simulation we use a set of 1182 'monochromatic’ images provided by
the optical model and covering the wavelengths range from 2 to 12.8 pm; the number of images has been chosen
to oversampling the spectral resolution; the images are normalized to 1. We multiply each image by the star
flux at the wavelength of the image in photons/m?/um/s, then by the telescope collecting area (25 m?), then by
the photon-electron conversion factor to go from photons to electrons and then by the difference in wavelength
between two adjacent images to get images in e-/s. We co-add all the monochromatic images to get the final
simulated image.

The simulated LRS observation of the L168-9 star, a 3800 K star, is shown on Figure 7. We have chosen
this star because it has been subject to time series observations during MIRI commissioning. As can be seen
the result of the bump in transmission is a bright spot in the image. Although the transmission at the bump is
only about 30% of the transmission in the 5 - 12 um range, the large increase of the star flux with decreasing
wavelengths lead to a spot with the brightest pixel.

4. ON-SKY DATA FROM THE COMMISSIONING OF MIRI

The LRS was exercised very thoroughly during the science instrument commissioning period of MIRIL? both in
slit and slitless mode. Note that the data unit in the image is Digital Number (DN), while the data unit in the
simulated image is electrons (e-/s); to compare the two images, we have applied a conversion factor of 1 e- = 2.5
DN; this value is coherent with the value found during commissioning.

As expected, there is a bright spot at the pixel corresponding to the transmission leak. However the value of
the pixel is 50% lower than simulated. The discrepancy might take its origin in a spreading of the Point Spread
Function (PSF) due to internal scattering in the detector, effect which is more and more important at lower and
lower wavelengths () and which has not been taken into account in the simulated images.

We have considered other slitless LRS observations, either obtained with the slitless LRS mode or obtained
as by-products of slit observations; (indeed, during a slit observation, slitless spectra of the sources in the field of
the imager are obtained). We have extracted a 1D spectrum from the spectral images and calculated the ratio
between the maximal value in the nominal wavelength range of 5 — 12 um and the value observed around 3.7
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Figure 6. Images at 3.9 ym with DPA (left) and Hole (right). This figure illustrated that, as expected, the image quality
is degraded when using the DPA at wavelengths shorter than nominal.
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Figure 7. Simulated spectral image of L. 168-9 (top) compared with the observed image (bottom); the predicted bright
spot at the position of the leak in the DPA transmission at 3.7 um is observed, but with an intensity lower than expected.
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Figure 8. 3 spectra taken with slitless mode from different in-flight data with Program Identity number 1033, 1042, 1053.
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Figure 9. Slitless spectra of six sources in the field of the imager during slit observations (PID 1029; data
jw01029007001-03103-00001)

um (see Figure 8 and Figure 9). The ratio varies between 0.91 and 2.36. The explanation of such a variation is
out of the scope of the paper.

5. EXOPLANETS

We have considered whether the transmission ‘leak’ could be useful for exoplanet study. Given that the wave-
length of the leak is located near the top of the dispersion curve, the spectral resolution is low; photons with
wavelengths between 3.5 and 4.2 pym arrive into the same pixel. Around 4 pm, there are interesting lines of HCN
and NH3 in hot Jupiter atmospheres.” A detailed modelisation is needed to study the detectability of those lines
from MIRI LRS observations, with the caveat that we have not yet a model which reproduces quantitatively the
spectrum around 4 microns, (see section 4).

We have studied another consequence of the particularity of the DPA dispersion curve : the spectral contam-
ination. On figure 10 is shown the % of contamination in the case of transit observations of HAT-P-12b. There
are two contamination to consider : the contamination of the spectrum of the star and the one of the planet.

The contamination of the star spectrum has been modeled and is shown in Figure 10. The contamination is
only significant in the 5 — 6 ym range and is at most of 7 %, again with the same caveat as the one in the previous
paragraph. At first order, the contamination of the star is irrelevant when calculating the depth of a transit;
indeed the depth is calculated making the difference of flux received out of the transit and during the transit and
then normalised by the flux of the star, so that the star contamination doesn’t matter. The previous statement
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only hold if the star flux is constant. In general the variability of the star is higher at shorter wavelengths, so
that the contamination could introduce some variability.
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Figure 10. Simulated spectra of HATP-12 showing the effect of contamination;the blue curve is the spectrum without
taking into account the wavelengths shorter than 3.9 um; the green curve is the spectrum taking only the wavelengths
shorter than 3.9 um; the back curve is the sum of the two.

The contamination of the exoplanet spectrum depends of course on the exoplanet spectrum at wavelengths
shorter than 3.5 pm, which is in general less steep than the star spectrum, so that we can expect a contamination
lower that the one calculated for the star.

6. CONCLUSION

We have performed laboratory measurements to characterize the transmission and dispersion profiles of the double
prism assembly (DPA) of the MIRI Low Resolution Spectrometer on JWST, using representative flight spare
hardware. Recent measurements in 2021 confirmed previous measurements taken in 2018, and are consistent
with the manufacturer’s specifications.

The spectral leak induces a bright spot in the spectrum of a star at about 3.7 pm, which is close to the
turnover in spectral dispersion profile of the DPA. The spot is not currently modeled into the simulation tools
for the MIRI LRS in slitless mode, including the Exposure Time Calculator. The bright spot can contain the
brightest pixel of the image, which can be saturated. Having such a pixel saturated will not jeopardized the
spectrum in the nominal wavelength range. The model we have developed predicts the presence of the spot, but
with a value higher than observed.

The spot can potentially be of interest to constraint exoplanet atmosphere. Another aspect of the DPA
design is the spectral contamination. The level of contamination of an exoplanet spectrum has been estimated
to be limited to the 5 — 6 microns wavelength range and to be of a few % only.
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