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This paper traces the 37 years of my career dedicated to the development of integral field

spectroscopy (IFS) MUSE is amazing... _ TeERTe s
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Figure 7 : Monochromatic map in [NO]-Ha
of the nuclear region of M 51

M 42
| Observational Parameters red: | S T
[ Spectral range (simultaneous) 0.465-0.93 tm blue: Hbeta,
i , 2000©0.46 ym reen: [N II] 6584
Resclving power 40008093 pm g [ ]
Wide Field Mode (WFM)

Field of view | 1x1 aremin®

Spetial sampling 0.2x0.2 aresee®

Spnhal resclution (FWHM) | 0.3-0.4 arcsec
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O TepMUHONOrnu...

Often, IFS are also called integral field units, or IFUs. This terminology originally arose from
developing the reformatting system to feed an existing spectrograph, with the idea that the
spectrograph could then be used with different systems. Today, however, the spectrograph and
the reformatting system are almost always designed together to match the two optical systems
and achieve the best optical quality. Thus, in principle, these systems should be called IFS
rather than IFU, but IFU 1is now so ingrained in common language that it 1s probably too late
to change |

[MyTb k nepsBomy IFS:

1982 — Havan nucatb gmuccep y Guy Monnet o guHamuke E-ranaktuk, aHMsoTponusi...
[Mpobnema cpaBHeHUs1 Moaenen ¢ HabngeHuamn, Hadanm Ha CFHT ¢ anvHHoW Wenblto:
| quickly realized how inefficient this method was.

OcHoBHOM npobnemon cunTasn ToYHbIn y4eT PSF [T0o, 4TO cenyac genaet BaHa KaTkos]

MonbiTka ncnons3oBatb CIGALE B abcopbunmn — npoBanunacsk, gaxe ¢ Bbicokum S/N o
ONCnepcun CKOpPoCcTen MOXHO 3abbIThb [y Hac Toxe Ha BTA B 00X, XoTda eCTb OTAESIbHbIE
paboThl...]

Monnet obcyann npobnemy ¢ Georgies Courtes (bbIiBLUMM €ro pykoBoguTenem), camasi
koHuenuma — Courtes (1980) npumepHo TOoraa xe — peanusaunsi ¢ BOfIokHaMu Ha 2.2M

Vanderriest 1
( anderries 980) University of Hawaii 2.2m telescope in 1980 (Vanderriest 1980), the micro-lens concept had

never been tested on the sky. A brief test conducted in late 1986 during a CIGALE run at CFHT
convinced us that the concept was worth developing into a dedicated prototype.|
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Figure 3. TIGER first light at CFHT in June 1987. From let to right: Georges
Courtes, Roland Bacon, Guy Monnet and Yvon Georgelin.
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TIGER: 6bicTpo cobpanu us Toro, 4to 6bINO

[Mepsbin cBeT: 1987 (Courtes+1988; Bacon+1988)
[NMepBag peueH3anpyemas nyonukaumsa (no integral-
field) BoobLue:

Kpect OuHwTenHa (Adam + 1989)
[peueH3npyemMoCTb — Kak KpUTeEPUNn HOBOIO
pes3ynbTaTal

CnepBa 1024*640 px, notom 1Kx1K @570 nuH3

[lepBOe none ckopocTen u gMcnepcmm CKOpoCcTeu
3Be3g — Bacon+1994 [YT1o c MPFS?]

1996 TIGER cHAT ¢ BoopyXeHus:
38 publ/12 refereed from Mars to AGNs

same micro-lens concept: OASIS and SAURON, as described 1n the next section, as well as
MPIFS at the Russian 6-meter telescope (Afanasiev & Sil’chenko 1991),
University of Hawaii 88-inch telescope (Aldering et al. 2002), the Kyoto 3D spectrograph
operated on the Okayama 1.9-meter telescope in Japan (Ishigaki et al. 2004), and the infrared

diffraction-limited IFS OSIRIS (Larkin et al. 2006) for the Keck 10-meter telescope.

Figure 4: This raw image of the nucleus of

M51 was the first science exposure
obtained by TIGER during first light at
CFHT in June 1987.
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[1lpobnembl Turpa:

- CMEHHbIN OEeTEKTOP

- TYp€enb Bpaljanacb pykamu
- gonroe HaBegeHue

- THYTUA

SNIFS for the



OASIS cebs He onpasgarn....

XoTta un nepBad NorbiTKa UCMNOJIb30BATb AO

resolution improves. The second reason 1s that the spatial PSF evolutlon w1t 1 wave eng
is much more pronounced in diffraction-limited mode (< A7) than in seeing mode (o< 17%2), 8
making it difficult to optimize the slit width for a wide wavelength range.

[Mpobnemsbl Ha cTagun NPOEKTUPOBaHUA, XOTENN eLLE U
NI, PYTHEAS..., a B utore notpebosann ARGUS u,
CIOprpuU3-cropnpus... AfNHHY0 wenbe: “As a young Pl with
little experience, | did not try to argue and said yes to all
these new requirements....A Pl must have his/her own
vision and sometimes should be able to take some
distance with “committee recommendations” or “friends
suggestions”

Coenanu Tonbko image & IFU,
CFHT :1997-2003, Tonbko 8 ctaTbemn

[Mpobnemsbl AO: 6onbwne notepn ceeta (30% 3abupaer),
Tak YTo paboTanu B OrpaHNYeHMn No WyMam CYMTbIBAHUS,
He Be34e eCTb sipKMe 3Be3abl AN HeeE:

[MepeHecnu Ha WHT rgoe pabotanu go 2008 (ewe 13

crtaTen), Tak kak Ha CFHT ctaBunun Megaprime
Ho yxxe 6e3 AO
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Figure 5: OAS‘IS at CFHT Cassegrain focus (1 Q_‘;’r’)



SAURON: nepexoa Ha bonbLuoe nosne
| was convinced that significant new scientific discoveries could be made with a large
field-of-view IFS, something that OASIS would not be able to achieve.

33x41arcsec @ 0.94” MUHUMYM MOOBUXXHbIX 3fIEMEHMOo8, rnocmpousnu < 2.5 2o0a
SAURON: 9 PhD theses , series 21 peer-reviewed papers, 6,250 citations
ATLAS-3D (2007-08): 31 peer-reviewed papers, a total of 7,200 citations

Figure 7: The SAURON team in Leiden (July 2001). From left to right : Roger Davies, Jesus F alcon-Barroso, Davor
Krajnovic, Michele Cappellari, Tim de Zeeinw, Fabien Wernli, Roland Bacon, Martin Bureau, Brvan Miller, Marc Sarzi,
Yannick Copin and Eric Emsellem.



MUSE — Havancsa B 2001, cbop naen gnga BTOporo NoKorieHnst UHCTpymeHToB VLT:

Tonbko Havanca SAURON, Ho : such an opportunity to build a new IFS for the VLT
could not be missed...

My idea was to design a "true 3D instrument" that combines the expected
performance of an imager — large field of view, high spatial resolution, and excellent
throughput

Image reconstruction needs to account for all the imperfections of the various optical
elements involved in this reformatting. This is not an easy task and may explain why
the imaging capabilities of the first generation of IFS were not at the level expected
for an imager.

Paradigm shift was required, leading to the concept of multi-units

T T R S B =

tlumlghput espemally at blue wavelengths The best packmg efﬁmeucy, 1e., the ratm of the
total number of detector pixels to the number of used voxels (spatial and spectlal pixels), 1s
achieved by the slicer technology with 90%, , achieve only
75% and 50% packing efficiency, respectively.
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Cpasy roBopunmn o0 ToM, YTO MOXXHO 3aHUMAaTbCS1 CNEKTPOCKONUeEn rinyboKkux nonen,
nsderaro npe-cenekunn odbvekTos, kak B MOS, Ho:

reviewed, together with technical documentation and the management plan. The science
referees were quite supportive of the nearby galaxy science case but were much less convinced
by our high-z proposal. Their main objection was that MUSE wouldn't be competitive with
MOS because it wouldn't have deeper capabilities and would have a much smaller field of
view, where most of the spaxels would just capture the sky. This skepticism was probably
shared by a large fraction of the high-z community, and MUSE, until its first light, was seen as
a perfect machine for the study of extended nearby objects, but not more.

2002 pre-phase A

2004 Phase A

2013 — npubop otnpasneH Ha lNapaHanb
(Ha 2 roga no3e nnaHoB)

A 3aHAN BCHO HECMUTOBCKYHO nnatdgopmy

Onupancs Ha no3nTtueHbIn onbliT SAURON
n HeratTuBHbIN OASIS — MeHbLLe NoABUXKHbIX
9NEeMEeHTOB

Figure 9: MUSE "landed" on the UT4 Nasmyth platform
Cemunap VOLGA 18/11/2024, Moucees on January 19, 2014.
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By all standards, MUSE has been a
major success. Not only 1s it the
most in-demand instrument of the
VLT, with an oversubscription
factor of more than 10, but it 1s also
the most productive, generating
200 refereed papers in 2024, -
accounting for 25%| of the total ;
VLT scientific production (Figure
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This example highlights another reason for MUSE's success: its discovery power. The concept
of obtaining spectroscopy of everything within a field of view has led to many unexpected
discoveries. This 1s a fundamental feature of a game-changing facility. The number of
publications that rely solely on data from the MUSE ESO archive is a testament to this.
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BLUE MUSE

MuweTt, yTo KCWI — e AMHCTBEHHBIN XOTb Kak-TO CpaBHUMbIN Npnbop, xoT4a none B 20
pa3 MeHbLle 1 cnakcenb 0.35, a ero eAMHCTBEHHbIN BbIUTpbIL — rofiydas rpaHmua 350

HM, @ MUSE — 480 HMm
[He ynomuHaeT npo R! ]
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Figure 15: Comparison of the BlueMUSE (predicted) and MUSE (measured)
end-to-end transmissions with other VLT instruments. A 15% is included for slit
spectrographs to account for slit losses (from Richard et al. 2019).
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WST=Wide-field Spectroscopic survey telescope (Bacon +24)

NHCTpyMeHT ans cnegyrowen anoxu:

post-ELR era, ESO+Australia

12 m
MOS+IFU
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MOS & IFS
beams

Field corrector
& ADC

IFS Cassegrain
pick-up & MOS f/3 focus
relay mirrors & positioner

MOS instruments — 0
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