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ABSTRACT 
 
The MUSE (Multi Unit Spectroscopic Explorer) instrument is a second-generation integral-field spectrograph candidate for 
the VLT, operating in the visible and near IR wavelength range (0.465-0.93 µm). It is combining a large 1’ x 1’ Field of 
View with a spectral resolution of 3000 and a spatial resolution of 0.2” coupled to a sophisticated ground-layer Adaptive 
Optics (AO) system. 
 
After a brief summary of the major instrumental requirements, we will focus on the opto-mechanical design of MUSE, 
including core subsystems such as the Fore-Optics, the Image Slicers and the Spectrographs, the Structure and the 
Calibration Unit. The most creative trends of the instrument will be underlined, such as the specific choices adopted to 
reduce the costs, weight and volume of the Slicer and Spectrograph units, that need to be manufactured and installed on the 
VLT Nasmyth platform into twenty-four replicas. Finally, a realistic estimate of the expected performance (in both 
throughput and image quality), and the future development program for the forthcoming detailed design phase will be 
presented. 
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1. INTRODUCTION 
 
In the frame of the European Southern Observatory (ESO) development plan for second generation VLT instruments, the 
Centre de Recherche Astronomique de Lyon (CRAL), in association with five European Institutes (University of Oxford, 
AIP Potsdam, Sterrewacht Leiden, ETH Zürich and the ESO Detector Team), has proposed and studied the feasibility 
concept of an innovative integral-field spectrograph, named MUSE (Multi Unit Spectroscopic Explorer). The instrument 
will operate in a large simultaneous visible and near IR spectral range (0.465-0.93 µm), providing a minimal Field of View 
(FoV) of 1’ x 1’ corrected with Adaptive Optics (AO) and an average spectral resolution of 3000. Here the opto-mechanical 
design and performance of MUSE as predicted at the end of this feasibility study are summarized, starting with a review of 
the instrumental requirements (§ 2), the overall design, including the baseline optical lay-out and its mechanical 
accommodation on the VLT Nasmyth platform (§ 3), a rapid description of the major optical subsystems such as the Image 
Slicers, Spectrographs and the Fore-Optics (§ 4), a preliminary estimate of the expected optical performance (§ 5), and the 
future technological developments of the instrument (§ 6). 
 
 

2. INSTRUMENT REQUIREMENTS AND SYSTEM ANALYSIS 
 
The specifications and design of MUSE are based on a detailed Science Case that has been fully described in a parent 
communication1. As explained in this reference paper the MUSE science goals led to the so-called “Instrument Top Level 
Requirements”, which were split into two different types of subsystem technical specifications: 



1) The MUSE instrument technical specification, providing the most important functional, performance, operational 
and interface requirements of this gigantic integral-field spectrograph, excluding all its AO components. 

2) The MUSE Adaptive Optics (MAO) technical specification, giving the same types of requirements for the MUSE 
AO companion system. Indeed, it appeared right from the beginning that the most ambitious scientific goals of 
MUSE could not be met without the help of a powerful AO system1. 

 
The present communication mainly concentrates onto the MUSE instrument itself, i.e. the integral-field spectrograph 
without AO. The MAO system is described in detail in another companion paper2. 
 

2.1. Instrument requirements 
 
From the top level scientific requirements, the MUSE instrument technical specifications are summarized in the Table 2-1, 
including the most important interface constraints (VLT and CCD focal plane characteristics). The main features of these 
requirements are the following: 

 MUSE should offer two different FoV magnifications. The Wide Field Mode (WFM) has a minimal FoV of 1’ x 1’ 
sampled at 0.2” and will be mostly used for deep and long exposure surveys, while a Narrow Field Mode (NFM) of 
7.5” x 7.5” sampled at 25 milli-arcsec is foreseen for the detailed observation of different celestial objects. 

 It should offer a simultaneous spectral range from 0.465 to 0.93 µm, with a fixed spectral resolution implying that 
only one spectrally dispersive component is needed. 

 The throughput and image quality requirements are dictated by the deep field science case and the presence of a 
very performing AO system (MAO) respectively. 

 
The table also shows that in order to achieve the required spatial and spectral samplings, a total of 24 detectors of 4096 x 
4096 pixels are required, as it was demonstrated during the pre-Phase A study3. It must also be noticed that a square angular 
sample on-sky shall be imaged at the CCD plane on a rectangle of 15 x 30 µm along the cross-dispersion and dispersion 
directions respectively, in order to comply with the Nyquist criterion for spectral sampling. Then the instrument shall 
include one or several anamorphosing optical subsystems. 
 

SCIENTIFIC REQUIREMENTS 
 Angular FoV dimensions 1 x 1 arcmin in WFM, 7.5 x 7.5 arcsec in NFM 
 Angular sampling 0.2 arcsec in WFM, 0.025 arcsec in NFM 
 Simultaneous spectral range From 0.465 to 0.93 µm 
 Spectral resolution 2000 at 0.465 µm 

3000 at 0.70 µm (primary wavelength) 
4000 at 0.93 µm 

 Image quality 80 % of energy within a square of 0.35 arcsec width in WFM, 
80 % of energy within a square of 0.056 arcsec width in NFM 

 Optical transmission* ≥ 20 % 

VLT INTERFACE REQUIREMENTS 
 Telescope pupil diameter 8 m 
 Telescope F/D number 15 

FOCAL PLANE CHARACTERISTICS 
 Total number of focal planes 24 
 Pixel number (per focal plane) 4096 x 4096 
 Pixel/sample 1 along cross-dispersion direction, 2 along dispersion direction 
 Pixel size 15 µm 
 Output F/D number 1.93 

Table 2-1: Summary of MUSE functional and interface requirements 

 

                                                           
* including VLT, MAO and detector system but excluding atmospheric absorption 



2.2. Subsystems architecture 
 
The MUSE instrument is constituted by a complex assembly of optical subsystems and components, each supported by 
mechanical structure, and remotely controlled by means of electronics devices and associated low and high level software. 
Among them we can distinguish four main families, as illustrated in the block-diagram in Figure 2-1: 
 

• Subsystems or components that are located before or very near to the VLT focal plane, such as the MUSE 
Adaptive Optics, the instrument Calibration Unit (CU), or the Calibration Pickup Element (CPE), that is a set of 
movable optics and mirrors allowing to select different operational modes (scientific observations or calibrations in 
AO mode). 

• Components that are located after the VLT focal plane and before the effective separation of the instrument into 
twenty-four independent channels: they typically include the Optical De-rotator (OD), the 3 x 8 Field-splitter, and 
relay optics. All these components are considered as parts of the so-called “Fore-Optics” (FO) subsystem. An 
additional FO component comprises a removable enlarger and Atmospheric Dispersion Compensator (ADC), to be 
used in NFM only. 

• All the subsystems located after the separation into twenty-four channels: each channel will include relay optics 
directing the beams toward the different optical paths, one Image Slicer Subsystem (ISS), one Spectrograph, and 
one 4K x 4K Instrument Detector System (IDS). The three last subsystems assembled together are constituting one 
so-called Integral Field Unit (IFU). 

• Other necessary hardware such as the Structure subsystem and the Instrument Control Electronics (ICE) 
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Figure 2-1: MUSE system block-diagram 

 
Here is provided a short summary of the MAO principle: it actually is a ground-layer AO system2,4, which closely depends 
on the selected spatial resolution mode (WFM or NFM). It will be using the following guide sources: 

• Four Laser Guide Stars (LGS) located at 70 arcsec from the main optical axis in WFM, and at 20 arcsec in NFM 
• One Natural Guide Star (NGS) located up to 90 arcsec from the main optical axis in WFM for guiding and low-

order corrections 
• The science object itself (assumed to be on-axis), in NFM for guiding and low-order corrections. 

 
The proposed system for the MAO currently consists of two different options2, the first one assuming the implementation of 
an Adaptive Secondary (AS) mirror on the VLT, and the second one with all corrective optics located near the instrument 



on the Nasmyth platform. In the MUSE feasibility study we have deliberately chosen to implement an opto-mechanical 
design of the second option, since it was considered as the most critical with respect to complexity, mass and available 
volume on the platform. 

2.3. System analysis 
 
From the top instrumental image quality requirement given in Table 2-1, we have calculated the corresponding sub-systems 
image quality and stability requirements, for the two MUSE spatial sampling modes (WFM and NFM). The global image 
quality requirement of MUSE, expressed in terms of ensquared energy per on-sky angular area, can be translated into a Full 
Width at Half Maximum (FWHM) requirement if we assume that the PSF of the instrument has a Gaussian shape. In that 
case, the top instrumental requirements are equivalent to FWHM of 0.254 arcsec and 0.041 arcsec for the Wide and Narrow 
Field Modes respectively. These FWHMs can then be quadratically distributed (in both modes) between image quality, 
lateral and axial stabilities over elementary exposure times of one hour, and margins: The major subsystems requirements 
resulting from the system analysis are finally provided in the Tables 2-2. 
 

Fore-Optics Image Slicer Spectrograph CCD 
Enclosed Energy ≥ 90 % Enclosed Energy ≥ 85 % Enclosed Energy ≥ 85 %

- in 0.2 " square on-sky - in 0.2 " square on-sky - in 0.2 " square on-sky Flatness
- in 805 x 1610 µm rectangle - in 35 x 70 µm rectangle - in 15 x 30 µm rectangle ≤ 20 µm Peak to Valley

(at FO image plane) (at ISS image plane) (at focal plane)

IMAGE QUALITY

 
 

Structure De-rotator
± 5 µm ± 20 µm ± 125 µm ± 5 µm ± 3 µm ± 1 µm

LATERAL STABILITY (RMS on 1 hour duration)
Fore-Optics                
image planeVLT

Nasmyth focus
Image Slicer 

slit plane
Sprectrograph 

focal plane CCD plane

 
Tables 2-2: MUSE subsystems image quality and stability requirements 

 
The here above image quality values correspond to the minimum required for the Fore-Optics, Image Slicers and 
Spectrographs sub-systems, all over their useful Field of View and on the whole MUSE spectral range. It finally appeared 
that, with the noticeable exception of the MAO (not considered here), only the WFM requirements are driving the 
instrument design (i.e. image quality and stability requirements are looser for the NFM). 
 

3. MUSE OPTO-MECHANICAL DESIGN 

3.1. Baseline optical design 
 
Below additional information about some particularly important or critical optical subsystems of the instrument is given. 
Some of them will be further detailed in the paragraph 4: 
 

• The calibration Unit (CU) is placed at the entrance of the instrument, and regularly operated for flat-field, 
wavelength, flux, image quality and geometrical distortion calibrations. These functions are ensured by different 
light sources feeding an integrating sphere, and a set of movable calibration masks located at the telescope or AO 
focal planes. 

• Part of the Fore-Optics, the FoV De-rotator will be installed on an optical bench close to the VLT Nasmyth flange. 
This is a classical De-rotator to which additional lenses are glued in order to ensure the FoV enlarging function. 

• Also part of the Fore-Optics, the 3 x 8 Field-splitter consists in a micro-lens array and a set of reflecting prisms 
deviating the optical beams toward the 24 different channels. 

• The relay optics between the Field-splitter and the entrance of each IFU is constituted by several reflecting mirrors 
or prisms, and two cylindrical doublets performing the anamorphosing function for the ISS entrance beams. 



• Each IFU is equipped with one Image Slicer Subsystem (ISS), splitting each sub-FoV and re-arranging it into an 
optical “pseudo-slit” that will be placed at the Spectrograph entrance. The concept of the ISS is based upon a 
reflective stack of slices made of (coated) Zerodur associated to two rows of mini pupil and field lenses. This 
design was preferred to other types of slicers (e.g. reflective aspherics) with regard to its higher technological 
maturity. 

• Each IFU also comprises one Spectrograph based on several original features, for example the use of high 
performance Volume Phase Holographic Gratings (VPHG) as the dispersing components, and a specific optical 
layout optimized for one single spectral format. In Wide Field Mode, each Spectrograph camera has an output F/D 
number of 1.93. 

• Each IFU finally includes an Instrument Detector System (IDS) unit composed of a 4K x 4K CCD matrix located 
inside a cryostat, and its associated electronics and temperature controllers, as well as cooling pipes and harness. 

 

3.2. MUSE sub-assemblies breakdown 
 
In this paragraph is presented a MUSE sub-assembly and subsystem breakdown somewhat different from the system block-
diagram previously shown in Figure 2-1*. Indeed, this new system breakdown is much more based upon the mechanical 
design of the Structure and more suited to Assembly, Integration and Test (AIT) activities. In fact, it clearly appeared during 
the MUSE mechanical implementation (performed by the Oxford University and more specifically detailed in another 
communication5), that four individual modules could be distinguished on the VLT Nasmyth platform, as illustrated in 
Figure 3-1: 
 
A first group of subsystems and components are located near the VLT Nasmyth focus and regrouped together on a multi-
stages optical table, including: 

• Structural parts (pillars, optical tables) 
• The Calibration Pickup Element switching between scientific observation and calibration modes 
• The MAO LGS and NGS wavefront sensors and all their relay optics and rotating mechanisms 
• The Optical De-rotator (OD) 
• The removable enlarger and ADC used in Narrow Field Mode 
• The Field-splitter 
• All the folding mirrors or prisms that are located in a close vicinity to the Field-splitter 
• The first elements of the relay optics (to be multiplied by 24), particularly the anamorphosing elements 

 
To this first group we may add the Calibration Unit itself and some other elements of the MAO system. It was called “Fore-
Optics Tower”, extending the Fore-Optics denomination to all subsystems and components that are located before or close 
to the FO itself. There are three other independent groups that are quasi-similar. Each of them includes: 

• Structural parts 
• 8 IFUs, each composed of an ISS, a Spectrograph, and a complete IDS, disposed following four stages of two 

adjacent IFUs 
• 8 “pupil re-imaging lenses”, each located in front of its associated IFU, forming an image of the telescope pupil on 

the ISS entrance mirror (see paragraph 4.1) 
• 8 folding mirrors or prisms, each located in front of its associated pupil re-imaging lens, rigidly attached to the IFU 

and injecting the light beams emerging from the “Fore-Optics Tower” into the IFUs 
 
These groups are called “IFUs Towers”. All the four previous sub-assemblies (one Fore-Optics Tower and three IFUs 
Towers) are then mounted together onto a light “Instrument Base frame”, ensuring a correct positioning, dismounting and 
repositioning accuracy of the Towers one with respect to the other. It is foreseen that each Tower shall be transported in one 
single piece from Europe (where they will be assembled) to Chile and then to the telescope summit, thus considerably 
reducing the total required AIT time for such a complex instrument as MUSE. It shall be also noticed that the relative 
alignment between the IFU and its associated relay optics will be ensured by means of two adjustable (and lockable) 
components in order to realize the correct alignments of the FoV and pupil respectively. These alignment movements shall 

                                                           
* essentially based upon subsystem optical functions and manufacturing considerations 



be employed not only during the nominal AIT sequence of the instrument but also if periodical re-adjustments are required 
on-site (e.g. following seismic earthquakes). 
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Figure 3-1: MUSE sub-assemblies breakdown for AIT (top view) 

 

3.3. Implementation on the VLT 
 
Figure 3-2 shows the major MUSE sub-assemblies Towers (and their different opto-mechanical subsystems) installed on the 
Nasmyth platform of the VLT. One can see that the main part of the MAO system (inner blue ring, in the case when the 
VLT adaptive secondary mirror is not available) is mounted on the Nasmyth adapter-rotator turntable which is interlocked 
so that it cannot be driven. On the right side, the Calibration Unit feeds light into the instrument via the AO system so that 
both are calibrated together. The remaining parts of the MAO system are mounted on a table above the Fore-Optics Tower 
together with the MUSE OD and NFM opto-mechanics. The yellow vertical boxes stand for all the necessary electronic 
cabinets (detectors, MUSE and MAO control systems). This mechanical architecture was designed by the Oxford University 
and is presented with much more details in a companion paper5. The major requirements which had to be fulfilled were the 
following: 

• Stability requirements as defined in Tables 2-2, leading to a frequent use of carbon fiber material 
• Environmental conditions specific to the VLT at Cerro Paranal: temperature range and gradients, pressure, 

humidity, earthquakes… 
• Space limitation: 6m x 4m x 5m (width x length x height) 
• Mass limitation: 8000 kg 
• Maintenance needs: leaving enough space on the platform for the installation, maintenance, and easy replacement 

of the whole subsystems, and for human passage around the platform and between the Towers.  
 



 
Figure 3-2: MUSE instrument installed at the VLT Nasmyth platform 

 

4. DESCRIPTION OF SOME CRITICAL OPTICAL SUBSYSTEMS 
 
This section provides a brief overview of the three MUSE optical subsystems which experienced the most spectacular 
evolutions since the pre-Phase A design3, namely the advanced Image Slicer (§ 4.1), the Spectrograph (§ 4.2) and the Fore-
Optics (§ 4.3). 

4.1. The advanced Image Slicers 
 
The main optical functions of the MUSE Image Slicer are to transform the entrance sub-FoV into a pseudo-slit 
perpendicular to the dispersion direction (to be located at the Spectrograph entrance plane), and to re-image the telescope 
pupil at infinite distance. Its main optical requirements have slightly evolved and are summarized in Table 4-1. 
 

IMAGE SLICER REQUIREMENTS 
 Slicer mirror dimensions 80.5 x 60.4 mm  
 Slices number 38  
 Entrance F/D # 103.8  
 Entrance pupil position ≈ -575 mm  
 Magnification factor 0.043  
 Pseudo-slit length ≥ 139.2 mm  

Table 4-1: Image Slicer requirements 



The theoretical principle of the advanced Image Slicer is not detailed here, since it is based on the concept proposed by R. 
Content6 in 1997. It originally consisted of three reflective elements, each made of 38 different mini-mirrors having 
different geometrical characteristics (mirror tilts and curvature radius). This principle had already been validated on such 
instruments as GNIRS7 for the Gemini telescope or NIRSpec8 for the JWST. In the case of MUSE however, where the FoV 
to be sliced is unusually large (and the Slicer magnification ratio particularly small), this concept had to be deeply modified 
with the replacement of pupil and field mirror rows by lines of mini-lenses9. The present optical design shown in Figure 4-1 
now complies with all its specifications and a full discussion of this novel “catadioptric” advanced Image Slicer can be 
found in ref. 8. 
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Figure 4-1: Image Slicer optical design (general and detailed views) 

4.2. The Spectrographs 
 
Each Spectrograph module is composed of the three opto-mechanical units: 

• One collimator matched to the Image Slicer output FoV and numerical aperture 
• One Volume Phase Holographic Grating (VPHG) dispersing element and its positioning mechanism 
• One camera objective having a 1.93 F/D number in the cross-dispersion direction. 

 
One of the particularities of the MUSE spectrograph is the absence of expansive glasses which reduces drastically the cost 
of the subsystem: only three different glasses are used for the manufacturing of all the lenses and all three are standard and 
cheap glasses (BK7, PBH1 and N-LAF7). With these cheap glasses, the longitudinal chromatism cannot be fully corrected. 
The fixed spectral format allows to tilt the 4K x 4K CCD and its window around the cross-dispersion direction by 1.9 
degrees in order to compensate for this aberration along the spectrum. The CCD window also has a cylindrical surface in 
front of the chip. 
 
The Figure 4-2 shows the optical layout of the spectrograph, which is bent with an angle of 28 deg. due to the VPHG. This 
component also plays a major role in the MUSE overall design: VPHGs are classically highly-dispersive elements having a 
high peak efficiency and a rather narrow useful spectral band pass. However, recent studies and tests undertaken by ESO 
demonstrated that under a careful choice of the main VPHG manufacturing parameters, the transmission curves can be 
broadened up to fulfill the MUSE requirements10. Moreover, compared to a classical 300 g/mm grism, the broad-band 
VPHG has a higher line density (700 g/mm) with a higher angular dispersion. This allows having a short-focal length 
camera and therefore a smaller pupil and compact collimator which decreases the cost of the Spectrographs and their 
volume on the Nasmyth platform by an order of magnitude. In addition, the cost and the delivery time for the manufacturing 
of VPHGs make this technology very competitive with respect to classical gratings or grisms. 



 
Figure 4-2: Spectrograph optical design 

Finally, an overall opto-mechanical layout of a complete IFU including its own Image Slicer, Spectrograph, and IDS is 
provided in the Figure 4-3. The external size of each IFU is 2.30 m x 400 mm x 370 mm and the preliminary estimated total 
weight is around 140 Kg including the detector system. The structure is made of carbon fiber in order to minimize the mass 
and the thermal expansion. It can be seen that the Image Slicer has its own structure (Serrurier truss) so that it can be 
assembled, integrated and tested separately from the rest of the IFU. Then, this subsystem will be positioned on the platform 
and adjusted to fit the spectrograph. The ISS will also support the last elements of the Fore-Optics, i.e. the folding prism and 
spherical doublet that may be used for periodical realignments of the optics Towers (see § 3.2) 
 

 
Figure 4-3: Preliminary opto-mechanical design of the MUSE IFU 



4.3. The Fore-Optics 
 
In the Figure 4-4 is reproduced the new optical layout of the Fore-Optics. With respect to the pre-Phase A design3, the major 
change is the disappearance of the so-called “Wide-Angle Enlarger”, which allowed us to reach better throughput and image 
quality performance, at the price of numerous (but fortunately small-size) additional components within the Fore-Optics 
Tower. The Field-splitting function is still ensured by means of a 3 x 8 mini-lens array, while the anamorphosing functions 
were incorporated within the relay optics located between the Field-splitter and the IFUs. 
 

 
Figure 4-4: Fore-Optics optical layout (from VLT focus to Field-splitter) 

 

5. INSTRUMENT PERFORMANCE 

5.1. Throughput 
 
MUSE spectral range lays from 0.465 to 0.93 µm. Preliminary estimates of the total* instrument throughput in different 
operating modes (with and without AO) are provided in Figure 5-1 for the two MUSE spatial sampling modes (WFM & 
NFM), corresponding to four different cases: 

• A best case based on theoretical performance of the optical coatings and “clean” optics at delivery (i.e. no 
absorption due to dust contamination or ageing) 

• A worst case corresponding to optical transmissions slightly below the specification or an arbitrary one-year dust 
contamination exposure (periodical cleaning of external optical surfaces will be performed) 

• Two typical “intermediate” cases: one assuming a VLT Adaptive Secondary (“AS”) and the “MAO” option with 
its specific MUSE deformable mirror 

 

                                                           
* i.e. from VLT to CCD, including the spectral sensitivity curve of the detector 
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Figure 5-1: MUSE throughput estimates (WFM and NFM in thick and thin lines respectively) 

 
Depending on the considered case it can be seen that the 20 % requirement (see Table 2-1) may be met over a variable 
spectral domain. It must also be noticed that the throughput decrease in the red part of the spectrum is mostly due to spectral 
sensitivity of the detector. In the next phase, a new version of the top level requirements will be issued, where this 
preliminary value will be refined by means of an optical transmission template vs. wavelengths. Nevertheless, considering 
the total number of MUSE optical surfaces, the quality of the optical coatings will be of crucial importance for the global 
instrument performance. Hence special emphasis shall be put on the coatings and their maintenance even if the general idea 
is to reduce as much as possible the number of optical elements and surfaces of the MUSE optical design. The goal will be 
to have an optical transmission higher than 98 % per optical element, with a typical value of 98.5 %.  

5.2. Image quality 
 
The estimated MUSE image quality performance in Wide Field Mode (which is by far the most demanding) is given for the 
three major optical subsystems in Table 5-1. It can be noticed that the enclosed energy requirements are all met, excepting 
some marginal points of the Spectrograph wavelength range and Field of View. It is assumed however that this performance 
will be improved during a later optimization of the subsystem, particularly if some relaxation of the enclosed energy 
specification can be tolerated in the blue region of the spectrum (i.e. below 0.6 µm). 
 

Field of View Centre Interm. Edge Centre Interm. Edge Centre Interm. Edge
Requirement ≥ 90 ≥ 90 ≥ 90 ≥ 85 ≥ 85 ≥ 85 ≥ 85 ≥ 85 ≥ 85

0.465 µm 96.1 96.6 96.7 95.1 93.3 89.7 77.6 84.2 85.3
0.650 µm 94.2 95.1 95.1 92.3 92.6 92.1 94.5 90.7 89.8
0.800 µm 92.5 93.6 93.6 91 91.1 91.7 95.8 94.5 94
0.930 µm 92 93 93 90.5 90.7 90.9 73.7 87 77.2

Enclosed 
Energy (%)

IMAGE QUALITY (Wide Field Mode)

Fore-Optics Image Slicer Spectrograph

 
Table 5-1: MUSE image quality performance 



6. DEVELOPMENT PROGRAM AND CONCLUSION 
 
Here are summarized the main open points identified during the MUSE feasibility study, and the development program that 
will be pursued during the next design phase, in order to confirm the feasibility of the instrument and undergo a Preliminary 
Design Review (PDR). It shall include at least: 

• Bread boarding activities: indeed, the realization of a preliminary breadboard of the “catadioptric” advanced Image 
Slicer already started in CRAL laboratory during the MUSE feasibility study. Based on our previous experience on 
the NIRSpec IFU and JWST prototypes11,12, a MUSE Image Slicer test bench was developed and already gave 
some very promising results. However no quantitative data can be communicated herein since the test campaign 
should be completed at the end of July. Additional prototyping activities regarding the VPHG, the 4K x 4K 
detector and its electronic and temperature controllers shall also be undertaken during the next phase. 

• Updates of the system analyses presented in section 2.3, in order to confirm the present instrument architecture, 
and to secure and develop the major system budgets (e.g. throughput and image quality performance, mass budget, 
electrical and thermally dissipated power budgets…) 

• Re-optimization of the major optical subsystems, including the Image Slicers and Spectrographs. This activity 
should not only be conducted in order to improve the performance, but also in view of producing 24 Image Slicer 
and Spectrograph modules at an affordable cost (to be pursued in collaboration with industry) 

• Detail mechanical design of both the subsystems and the main Structure. It clearly appeared at the end of the 
feasibility study that the stability of such a voluminous and sensitive instrument is of highest concern. Among all 
the envisaged future improvements the following can be mentioned: all-carbon fiber structure, MAO tip-tilt 
wavefront sensors located after the Optical De-rotator, reduction of the Slicer and Spectrograph dimensions, 
implementation of thermal control… 

 
After the successful completion of the PDR, it is foreseen to manufacture, assemble, test and qualify one complete IFU 
(including its Slicer, Spectrograph and detector system), then to start the realization of the complete instrument. MUSE 
could then be installed and operated at Cerro Paranal during the year 2011. 
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