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ABSTRACT

The Son Of X-Shooter (SOXS) is a single object spectrograph offering simultaneous spectral coverage in UV-VIS
(350-850 nm) and NIR (800-2000 nm) wavelength regimes with an average of R∼4500 for a 1” slit. SOXS also
has imaging capabilities in the visible wavelength regime. It is designed and optimized to observe all kinds of
transients and variable sources. The final destination of SOXS is the Nasmyth platform of the ESO NTT at
La Silla, Chile. The SOXS consortium has a relatively large geographic spread, and therefore the Assembly
Integration and Verification (AIV) of this medium-class instrument follows a modular approach. Each of the
five main sub-systems of SOXS, namely the Common Path, the Calibration Unit, the Acquisition Camera, the
UV-VIS Spectrograph, and the NIR Spectrograph, are undergoing (or undergone) internal alignment and testing
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in the respective consortium institutes. INAF-Osservatorio Astronomico di Padova delivers the Common Path
sub-system, the backbone of the entire instrument. We report the Common Path internal alignment starting
from the assembly of the individual components to the final testing of the optical quality, and the efficiency of
the complete sub-system.

Keywords: SOXS, Common Path, ESO NTT, AIV, Spectrograph

1. INTRODUCTION

SOXS, the two-channel, single object, medium resolution spectrograph, is designed to observe transient events and
variable sources.1–5 The SOXS instrument consists of five sub-systems, namely Common Path (CP), Calibration
unit (CU), Acquisition Camera (AC), UV-VIS spectrograph, and the NIR spectrograph. CP is the backbone
of the instrument.6,7 It has opto-mechanical interfaces to the other four sub-systems and the NTT telescope.
During observation, CP receives the F/11 beam from the telescope, and the dichroic onboard splits the incoming
beam, sending 350-850 nm to the UV-VIS spectrograph and 800-2000 nm to the NIR spectrograph. Both the
spectrographs will receive an F/6.5 beam from the CP. For acquisition and imaging, the CP drives the light to
the 3.5’ x 3.5’ Andor Camera. For wavelength and flux calibration purposes during the daytime, the CP can
also direct the light from the CU to the spectrographs.

For the assembly, alignment, integration, and verification of the CP sub-system, we have exploited an opto-
mechanical approach. We have used a portable Coordinate Measuring Machine (pCMM) to place the opto-
mechanical components onto the CP bench. In addition to that, optical feedback using an on-axis laser source
and a telescope simulator was used to fine-tune and validate the goodness of the alignment of the individual
components. The F/# of the CP exiting beam to the spectrographs, their positions and tilts, and the on- and
off-axis PSF optical quality were verified after the integration.

1.1 The Common Path

The CP consists of a dichroic, 2 folding mirrors (FM), 2 tip-tilt (TT) mirrors (envisaged to compensate flexures),
ADC in the UVVIS arm, refocuser mounted on a linear stage in the NIR arm, a linear stage to which the pierced
mirror and pellicle are mounted (directing some or all light to the AC), a linear stage to which a folding mirror
is mounted (directing the light from the CU towards the spectrographs), a PT100 temperature probe, and the
instrument shutter. Figure 1 shows the CP, its components, and the light path.

Figure 1. Left panel : Common Path CAD image displaying its components. Right panel : The CP light path.

The optical components UVVIS field lens, NIR window, and NIR field lens (marked within red circles in Fig-
ure 1 are formally a part of the CP, but physically present within the spectrographs. Without these components,
the CP produces an F/6.91 beam at the UVVIS CP exit and an F/6.8 beam at the NIR CP exit.
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2. ALIGNMENT STRATEGY

As mentioned earlier, the CP alignment follows an opto-mechanical approach. We used a pCMM to position the
optical components (see Figure 2), which has a measurement accuracy is about 30 µm. We have therefore used
large mirrors (e.g., 10 cm diameter) to minimize the error due to the pCMM whenever possible (see Figure 2).

Figure 2. Left : A portable Coordinate Measuring Machine (pCMM). Middle: Characterized CMOS detector mounted
on XYZ-tip-tilt-rotation stage. Right : 10 cm mirror used for alignment purposes.

2.1 Characterized CMOS Detector

To accurately position the opto-mechanical components in decenter, in focus, and estimate the tilt of the beam
after the component, we have characterized a CMOS detector mounted in a robust mount with 6 degrees of
freedom (XYZ, tip, tilt, and rotation) as displayed in Figure 2.

The characterization was done using a converging beam coming from a 4D interferometer. We used the
pCMM to have the mechanical measures. We were able to define a reference pixel and the distance from the
intersection of three planes. This way we can position (inside the pCMM errors) the reference pixel of the CMOS
detector on the nominal beam, checking for decenter and angles.

2.2 Alignment Set Up and Steps

Schematic representation of the optical setup used to align the CP can be seen in Figure 3. The CP is fixed to
the optical bench using the kinematic mounts that will be used to mount the subsystem to the SOXS flange later
on. The details of the kinematic mounts and actual image of the setup can be found in Biondi et al. paper.8

We could feed the CP either with a bright laser source or with an F/11 Telescope Simulator (TelSim). The
details of the TelSim alignment is described in Biondi et al. article.8 The TelSim lenses (L750 and L300) were
aligned to the nominal Laser beam with decenter < 40 µm and tip & tilt ∼8” & ∼4”, respectively. We achieved
the TelSim PSF FWHM of 22.83 µm, the nominal value being 22.62 µm and F/# of 10.94, nominal value being
11.00. The TelSim lenses can be moved out of the way to have the laser beam reaching directly the CP.

Shims were used to adjust the decenter, tip and tilt of the opto-mechanical components. Optical feedback
was always used to confirm if the shims produced the right results.

The pCMM used the CP coordinate system for all its measurements. We used the CP-base, CP-side, and
CP-front to create the CP coordinate system, with the origin matching the SOXS input focal position.

The alignment steps are enumerated below.
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Figure 3. Schematic representation of the CP alignment setup (not to scale).

1. The correct position of the dichroic with respect to the CP coordinate system was earlier determined using
a CMM (which has < 10 µm measurement precision). We used our pCMM to position the dichroic to the
same location.

2. Start with UVVIS arm or NIR arm.

3. Align the FM. See Figure 4 for details of the procedure. We used the 10 cm mirror, placing the mirror
surface perpendicular to the nominal beam (using the pCMM) so as to send the reflected beam backwards
eventually reaching the ’reference detector’ (see Figure 3). The tilt of the beam is verified also in this way.

4. Align the TT mirror.See Figure 4 for details of the procedure. We used the 10 cm mirror, placing the
mirror surface perpendicular to the nominal beam (using the pCMM) so as to send the reflected beam
backwards eventually reaching the ’reference detector’ (see Figure 3). The tilt of the beam is verified also
in this way.
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5. Align the Refocuser / ADC. See Figure 4 for details of the procedure. Note that the ADC here should be
internally aligned using a separate setup before placing onto the CP. Check Battaini et al.9 for the details
of the ADC internal alignment and results.

Figure 4. Top: Schematic representation of the alignment procedure of the CP-UVVIS-FM and CP-NIR-FM, Bottom Left :
Schematic representation of the alignment procedure of the CP-UVVIS-TT and CP-NIR-TT, Bottom Right : Schematic
representation of the alignment procedure of the CP-UVVIS-ADC and CP-NIR-Refocuser.

6. With the help of the pCMM and the characterized CMOS detector, check the PSF position, tilt of the
exiting beam, PSF FWHM, exit F/#, on- & off-axis PSF quality, and the throughput for various narrow-
band filters.

7. Repeat the same for the other arm.

8. The pierced mirror (which is a part of the AC, but physically present within the CP) and the CU folding
mirror (which is a part of the CU, but physically present within the CP) are positioned using the pCMM.
Measurements are taken to confirm that the mirror surfaces are at correct angles to the CP-base.

9. The instrument shutter is installed and its functionality is checked.

10. The PT100 temperature probe is installed onto the CP bench. Its functionality is verified using the
instrument software.

11. Cabling of all the wires within the CP is performed.

12. All the linear stages with the final load is tuned to minimize the vibrations and named locations are found
and registered at the configuration files for the instrument software.
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3. ALIGNMENT VERIFICATION

After the alignment and integration of the individual opto-mechanical components, the verification of the sub-
system is performed. These verification included the following tests.

1. Decenter, focus and tilt of the exiting beam: The characterized CMOS detector is positioned so that the
reference pixel is at the nominal, on-axis, focus position of the CP UVVIS/NIR exit focal position. At
this point, the decenter is measured using the actual position of the PSF. The tilt is measured by taking
multiple images at different optical axis positions and compensating for the tilt of the linear stage measured
by the pCMM.

Table 1. CP UVVIS and NIR exit beam results. Note that the nominal F/# values are mentioned in Section 1.1. For the
reported values here, we assumed a conservative estimation on uncertainty for the tilt because of the measuring conditions
and technique.

Decenter–X (µm) Decenter–Y (µm) Decenter–Z (µm) Tilt-X (”) Tilt-Y (”) F/#

UVVIS exit beam 230 ± 60 -145 ± 60 <30 ± 60 -413 ± 100 37 ± 100 6.93

NIR exit beam 45 ± 60 3 ± 60 <30 ± 60 -250 ± 32 -255 ± 32 6.94

Figure 5. Left : Plot showing the tilt of the UVVIS PSF and that of the linear stage, Middle: Finding the center of the
PSF image, Right : F/# measurement images for the UVVIS side.

2. F/# of the exiting beam: A mask with three holes of 1 mm diameter is positioned in the collimated
beam (between the L750 and L300 lenses of the TelSim). Keeping a detector at two different locations of
the exiting beam, and knowing the distance between the two positions, the F/# of the exiting beam is
estimated.

3. On- and off-axis PSF quality: Using the characterized CMOS detector, the PSF of the TelSim is taken at
the CP UVVIS/NIR exit focal position. For the off-axis positions, the fiber source of the TelSim is moved
by known amount. The numbers obtained are compared with ZEMAX simulated values.

4. Transmission efficiency: Using flexOptometer, which is a multi-channel radiometer, the optical efficiency
of the CP is estimated for both the UVVIS and NIR arms. The input (or reference) value is taken at the
SOXS focal position (same location as that of the telescope focus as depicted in Figure 1) and the output
measurement is taken the CP UVVIS/NIR focal position. A white light source and various narrow-band
filters are used for estimating the optical efficiency at different wavelengths.

The results are tabulated in Table 1 and displayed in Figure 5, 6, and 7.
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Figure 6. Left : UVVIS PSF, Right : UVVIS on- and off-axis PSFs.

Figure 7. Transmission is always above 80% within the operational limits our instruments for the wavelength range
from 550 nm to 1900 nm. For the measurement, we have used a set of narrow-band filters of 10 nm width. For 800 nm
wavelength, the efficiency is 76.7%. This measurement comes only from the UVVIS side. The dichroic transmission is
from 800-850 nm.

4. CONCLUSION

The SOXS Common Path is aligned, integrated and it passed all the verification tests. In addition to the optical
verification, it has also passed the internal software and electrical tests with the instrument software and final
electrical configurations respectively.

The sub-system is completed. We also verified the mechanical interfaces (using the kinematic mounts) with
the SOXS flange. Figure 8 shows the common path mounted onto the SOXS flange. For more details about the
integration of the CP (and other sub-systems) to the SOXS flange, refer to Aliverti et al. article.10
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