
ESA UNCLASSIFIED - For Official Use INTEGRAL Science Legacy Archive | 11/05/2023 | Slide  1

Figure 2. Left: the NIRSpec FM (with cover) installed inside the Helium shroud of the cryo chamber. Right: the CMO
with its pinhole mask (PHM) to the left and �eld stop mask (FSM) to the right. The size of each mask is approximately
14× 14 cm2.

The main chamber holds the NIRSpec instrument, a cryo-mechanism (CMO), and a folding mirror. NIRSpec
is enclosed in an inner shroud cooled by gaseous Helium to temperatures around 40 K, simulating the thermal
environment the instrument will see in space (see Fig. 2, left). Only the lower part of the coupling optics is
protruding out of this shroud so that it can be illuminated by the CLS. The chamber also has an outer shroud
cooled to � 100 K by means of liquid Nitrogen. This outer shroud encloses the inner shroud, the CMO, and the
fold mirror. It extends through the cross-piece and up to the exit port of the CLS, so that no part of NIRSpec
directly sees any surface withT > 90 K.

The cross-piece has a pair of 45◦ mirrors that can be lowered into the beam in order to align the CLS with
NIRSpec via two side windows. When these mirrors are retracted, cold shutters are put in place.

The CLS is housed in its own vacuum vessel and can be isolated from the main chamber by means of a
vacuum valve that goes through a retractable part of the outer shroud at the cross piece. It consists of a gold-
coated integrating sphere of 60 cm diameter and a light box mounted on top. The light box carries four �lter-
and aperture-wheels and holds the primary light source, a tungsten �lament inside a hermetically sealed package
with a Sapphire window. The integrating sphere and the light box are cooled to a temperature� 90 K in order
to suppress thermal background radiation in the wavelength regime of NIRSpec. The output of the sphere holds
a mask that mimics the JWST pupil. Light coming from the sphere is going through the cross-piece and is then
re-directed to the NIRSpec pick-o� mirror by a fold mirror in the cryo chamber.

The �lters and apertures in the light box are used to provide suitable illumination levels for all modes of
the NIRSpec instrument, including at �elds (for both imaging and spectroscopy) and spectral references using
Fabry-Perot �lters and a rare earth standard (Erbium absorption lines). An Argon emission line lamp is directly
mounted on the sphere and its light coupled in via a small hole and a short-pass �lter. This source is used as the
primary wavelength standard for NIRSpec during the on-ground calibration,6 because the wavelengths of the
Argon emission lines are very accurately known.7 Furthermore, the CLS features a �ber coupled 2:8 � m laser to
measure the slit function (line spread function for uniform illumination) at this wavelength and to cross check
the wavelength calibration.

The CMO holds two masks that are located in the focal plane in front of NIRSpec and that are illuminated
by the CLS. The �eld stop mask (FSM) is used to provide a at illumination to NIRSpec, whereas the pinhole
mask (PHM) provides a grid of point sources for distortion and focus measurements in imaging mode (see Fig. 2,
right).

Independent from the CLS, the radiometric calibration spectral source (RCSS) is also located on the CMO.
It consists of a small integrating sphere with six redundant continuum light sources and a pinhole at the sphere
exit. This pinhole is imaged by a telescope of an O�ner design that mimics the JWST telescope's f/20-beam and
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Figure 3. Left: Extracted spectra of the CLS FFB light source and the thermal background obtained with the NIRSpec
prism in data units per second. By comparison with the known CLS FFB input spectrum, the observed background
spectrum can be calibrated and brought to physical units. Right: The measured background spectrum (solid line) is well
approximated with a grey body of about room temperature and a wavelength independent emissivity of ε � 1 (dashed
line).

pupil, and supplies a point source to the instrument. The patrol range of the RCSS is limited to an area close to
the �xed slits in NIRSpec. Its main use is to measure the slit and di�raction losses of NIRSpec's spectroscopic
modes.

3.2 Results

At the beginning of the calibration campaign we veri�ed that the thermal background from the cold test chamber
seen by the instrument is su�ciently low. We obtained a spectrum of the CLS with its light source switched o�
and compared it to the calibrated input spectrum of the CLS when turned on (see Fig. 3 left). This comparison
allowed us to calibrate the measured background spectrum and model it with a grey body of approximately
room temperature (see Fig. 3 right), indicating that the observed thermal background originates from the warm
chamber walls and probably makes it through small (venting) holes in the Nitrogen cooled shroud and into the
integrating sphere of the CLS. The background was only contributing signi�cantly to the signal at wavelengths
� & 3� m. Because it was stable in time, it was removed by subtracting dedicated o� exposures when necessary.

A general �nding of the �rst calibration campaign was that NIRSpec behaved as designed in almost all aspects
and thus the image quality was very good. This is illustrated in Fig. 4 showing spectra of the Argon emission
line source in the CLS obtained with the �xed slits and the integral �eld unit. Features are sharp, the traces of
the spectra and the observed slit tilt are as expected from the NIRSpec as-built optical model.

Exposures like the one shown in Fig. 4 can also be used to verify the spectral resolution of NIRSpec, as
most of the observed Argon lines are unresolved, i.e. their intrinsic line widths �� (in terms of full width at half
maximum - FWHM) is such that �= � � > 100000, signi�cantly higher than the resolving power of NIRSpec. The
measured spectral resolution for the six NIRSpec gratings is presented in Fig. 5. They have been obtained using
the NIRSpec instrument model and data extraction pipeline to perform the wavelength calibration and get the
dispersion solution. As is expected for gratings, the spectral resolution increases linearly with wavelength in all
cases. The data is consistent with the target average resolution (over the science bands) of 1000 for the medium
resolution and 2700 for the high resolution gratings, respectively.

Figure 4. Spectra of the Argon emission line source obtained with NIRSpec's band I high resolution grating (1.0 - 1.8 µm),
covering both detectors. Darker color denotes higher count rates, wavelength increases from left to right, and the spatial
direction extends vertically. The �ve spectra in the middle are from the �xed slits, the spectra at the top and bottom (15
each) originate from the IFU. Spectra with small height in these regions are due to permanently failed open shutters in
the MSA.

Figure 5. Spectral resolution of NIRSpec obtained by measuring the line widths of Argon lines from one of the 200 mas
wide �xed slits. The vertical dashed lines indicate the boundaries of the three NIRSpec spectral ranges, Band I to III.
The solid lines are linear �ts to the measured data points for each of the six gratings.
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