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Design and development of the SOXS calibration unit
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ABSTRACT

SOXS is a new spectrograph for the New Technology Telescope (NTT), optimized for transient and variable
objects, covering a wide wavelength range from 350 to 2000 nm. SOXS is equipped with a calibration unit
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that will be used to remove the instrument signatures and to provide wavelength calibration to the data. The
calibration unit will employ seven calibration lamps: a quartz-tungsten-halogen and a deuterium lamp for the
flat-field correction, a ThAr lamp and four pencil-style rare-gas lamps for the wavelength calibration. The light
from the calibration lamps is injected into the spectrograph mimicking the f/11 input beam of the NTT, by
using an integrating sphere and a custom doublet. The oversized illumination patch covers the length of the
spectrograph slit homogeneously, with < 1% variation. The optics also supports the second mode of the unit,
the star-simulator mode that emulates a point source by utilizing a pinhole mask. Switching between the direct
illumination and pinhole modes is performed by a linear stage. A safety interlock switches off the main power
when the lamp box cover is removed, preventing accidental UV exposure to the service personnel. All power
supplies and control modules are located in an electronic rack at a distance from the telescope platform. In this
presentation we describe the optical, mechanical, and electrical designs of the SOXS calibration unit, and report
the status of development in which the unit is currently in the test and verification stage.
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1. INTRODUCTION

The Son of X-Shooter (SOXS) is a new spectrograph for the ESO NTT telescope at La Silla observatory, Chile
(see Schipani et al., this volume, also reference 1). It is designed for the observations of astrophysical transient and
variable objects, allowing for a rapid spectrum acquisition and characterization throughout the near-ultraviolet
and infrared wavelengths. The instrument is now currently under construction and scheduled to be on-sky in
2022.

SOXS is designed to cover a broad wavelength range from 350 to 2000 nm at the resolution of R = 4500,
through simultaneous use of the ultraviolet-visual (UV-VIS) arm covering 300-850 nm and the near infrared
(NIR) arm covering 800-2000 nm (Rubin et al., Vitali et al., this volume). The observational spectrum across
the SOXS wavelength range will have to be corrected and calibrated, in order to produce science-ready data
products. The final-reduced SOXS spectrum is expected to be free of instrumental signatures and calibrated in
both the wavelength and flux axes. The calibration unit (CBX) subsystem of SOXS is thus designed to fulfill
this purpose.

2. DESIGN

As in the case of SOXS, the design of the CBX is inspired by the X-Shooter? instrument at the ESO Very Large
Telescope at Paranal Observatory, Chile. Following the X-Shooter design, there are 7 lamps used in SOXS CBX:

Quartz-tungsten-halogen (QTH), for flatfielding (VIS and NIR): Osram 64425

Deuterium (D2), for flatfielding (UV): Hamamatsu L6301-50
e Thorium-argon (ThAr), for wavelength calibration (UV-VIS): Photron hollow cathode

e Four rare gas lamps of Ar, Hg, Ne, and Xe, for wavelength calibration (NIR): Newport pencil-style penray

These types of lamps have been used as reliable calibration sources in a number of instruments at other large
facilities.>* The 7 lamps of the CBX feed the 4-port integrating sphere (Labsphere, Spectralon coated), with
the configuration of 1 port holds the 4-penray cluster, 1 port holds the QTH lamp, 1 port is used together for
the ThAr and D2 lamps, and 1 port is used for the exit beam. The penray cluster has individual tube holders for
each penray, which allow for the adjustment of the exposed length of the penrays and in effect, balancing of the
combined output spectrum from the 4 lamps. The light exiting from the integrating sphere enters an aperture
and is received by a 45° fold mirror that directs the light 90° to a doublet lens. The doublet focuses the beam
towards the calibrator selector mirror inside the SOXS common path, and finally to the instrument focal plane
and slit. This optical design is presented in Figure 1, left panel. In this direct illumination mode, the CBX
provides uniform illumination (< 1% variation) across a d = 4.8 mm patch covering the whole 12 arcsec (2.2 mm
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Figure 1. CBX optical design in two modes, illumination (left) and pinhole (right). The light coming from the integrating
sphere at upper right is brought by the relay optics to the calibration selection mirror and instrument focal plane inside
the common path on the left-hand side of the diagrams.

at the focal plane) slit length (Figure 2) for the science calibrations. The CBX is designed to feed SOXS with
an f/11 beam to simulate the NTT telescope beam.

In addition to the direct illumination mode, the CBX is also equipped with a pinhole assembly to simulate
a point source (Figure 1, right panel). This pinhole assembly utilizes another doublet lens, and is positioned
on a DC motorized linear stage Physik Instrumente PI 1.-406.40DD10. This allows for the selection between
direct illumination and pinhole modes in the SOXS operations. Based on the optical design, the mechanical
structures are designed to support the lamps and optics. A lightbox houses the integrating sphere and lamps,
whereas the relay optics and linear stage are housed by the optics box underneath (Figure 3). The top lid of the
lightbox is removable to enable lamp servicing when required. The lid is equipped with a sensor (Schmersal BNS
260-02Z-ST-L) which activates the Schmersal SRB301MC safety interlock circuit and cuts off the electricity to
the lamps when the top lid is opened. This feature is used to prevent UV exposures to the service personnel
when accessing the lamps accidentally without switching off the lamps first.

The power supplies of the calibration lamps are housed in a separate subrack. The CBX subrack will
eventually be a part of the main SOXS electronics subrack, which is used to control the instrument through
extension cables. In the case of CBX, the extension cables connect the lamps and their respective power supplies,
and also the stage motor and the interlock sensor with the control modules. The control system is based on
Beckhoff PLC. The lamp power supplies draw power from the mains 230 V AC input, whose Schuko lines are
controlled on or off through ES2622 Beckhoff relay modules. On the front panel of the subrack, hour meters
are installed to monitor the lamp usage time and allow for scheduled maintenance. The connections between
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Figure 2. Expected relative illumination of the CBX across the field of view, at 350 nm (left) and 1750 nm (right).
Within the slit dimensions (£ 1.1 mm), the relative illumination (magenta lines) is homogeneous at the level of 1%.
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Figure 3. Rendered image of the CBX, showing the components. An exploded image is also shown (right).

the lamps and respective power supplies are monitored by current transducers, which detect the current running
when the lamp is on and sends signal to the lamp hour meters and Beckhoff ES1008 digital input module. It
is therefore possible to monitor the status and remaining lifetime of the individual lamps. Two Kniel power
supplies are installed in the subrack to provide 24 V DC lines to power the modules as well as the interlock,
lamp current transducers and hour meters.

3. DEVELOPMENT

The design of the CBX was finalized in mid-2018. Following the Final Design Review, the procurement and man-
ufacturing of the parts started. The construction of the subsystem was conducted in the premises of Department
of Physics and Astronomy, University of Turku, in Turku, Finland.
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Figure 4. Spectra of CBX calibration lamps as measured in the laboratory.



Figure 5. USAF1951 resolution test for the CBX optics. The smallest resolved pattern is located in group 6, element 5
(corresponding to 4.9 pm resolution).

Testing of the lamps spectral output was done in parallel with the construction and assembly of the mechanical
parts. The lamp spectral output test is used to verify that the lamp is suitable for the intended use. The tests
were done by feeding the light from the lamp to a fiber spectrometer, which were Thorlabs CCS100 (300-700
nm), Thorlabs CCS175 (500-1000 nm), and Hamamatsu C14486GA (950-1700 nm). Figure 4 shows the examples
of the measured spectra of the calibration lamps within their typical operation wavelength range.

The optics of the CBX was tested for the resolution and output f/#. A light source was positioned at the
focal point, and the ratio between the focal length and the diameter of the full light beam at the plane of the
system stop gives the {/#. With this procedure the f/# of the system was confirmed to be f/11 as designed. A
resolution test was also done, using a USAF1951 resolution test target. The test result shows that the system
resolution is around 5 um (Figure 5).
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Figure 6. Assembled CBX (left), with cover removed: light box (middle), and optics box (right).
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Figure 7. CBX electronics subrack, outside (upper panels) and inside (lower panels).

The CBX was assembled according to the mechanical design diagrams. Its total length is about 60 cm,
height 55 cm, and thickness 30 cm. The mechanical parts are a combination of off-the-shelf components and self-
machined parts done by the mechanical workshop of the University of Turku. The total weight of the subsystem
is about 20 kg. Figure 6 shows the appearance of the CBX with and without covers of the light box and optics
box. All the electrical connections in the CBX and subrack were designed to preserve the original lamp and
power supply connectors, in order to facilitate replacements when necessary.

The construction of the CBX subrack was done together with the construction of the CBX itself. Figure 7
presents the electronics subrack of the CBX. The subrack occupies a 9U volume, and has two levels where the
individual lamp power supplies are placed. The base level is occupied by the ThAr power supply, and the upper
level is occupied by the D2 and QTH power supplies. The 4 penray power supplies are distributed as 3 on the
upper level and 1 on the lower level. At the front portion of the subrack, the Beckhoff control modules are placed
on a DIN rail, facing forward to facilitate wire management. On the same DIN rail are placed the Schmersal
SRB301MC safety interlock guard door monitor and a switch that controls the mains current running into the
ES2622 relay-controlled Schuko sockets on a second DIN rail. A third DIN rail is located at the rear side, and
is used to attach the 7 current transducers.

Currently, the CBX and subrack are fully assembled and undergoing tests to verify the performance and
functionalities. These tests include lamp spectral output, optics performance, stage movement, safety interlock
function, and controls through software. The CBX is expected to be fully completed by the end of 2020 and



integrated with the other SOXS subsystems in early 2021.

4. SUMMARY

The design and development status of the calibration unit (CBX) subsystem of the SOXS instrument is presented.
The CBX uses 7 calibration lamps to perform flux and wavelength calibrations across the whole SOXS wavelength
range of 350-2000 nm. The CBX is fully assembled and is currently undergoing verification tests, aimed for final
completion by the end of 2020.
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