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Multi Unit Spectroscopic Explorer
(MUSE)

Large field IFU  Coupled to ESO AO Facility

. — 0”5 (WFM) & diffraction limited (NFM
Visible 480-930 nm, R~3000 reso(lution) iffraction limited (NFM)

Field 1°x1 ,, 0.2" (WFM) Throughput
Field 7"x7", 0.025" (NFM) — 40% end-to-end
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Requested Nights
XShooter MUSE

P97 221
P98 255
P99 188
P100 287
P101 201
P102 274
P103 280
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177
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140

MUSE Statistics

Proposal request per instrument
Last updated: OPOSTAT2019-03-28 12:07:42.884805
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multi unit spectroscopic explorer




mMuse Top Level Parameters

 Blue wavelength coverage: 350 - 600 nm
- Complementarity with MUSE
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musce Top Level Parameters
 High throughput (end-to-end)
—— MUSE
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MUSR Top Level Parameters

multi unit spectroscopic explorer

e Medium spectral resolution: R=3600 in average

Spectral Resolution

BlueMUSE
—— MUSE




MUSQR Top Level Parameters

multi unit spectroscopic explorer

e Larger field of view: 1.4 x 1.4 arcmin

.HST/WFC3, JWST/NIRCAM -

Sampling: 0.3” pixels (0.8” median seeing)







=2 BlueMUSE Sub-Systems Design
See the

Alexandre Jeanneau (CRAL), Eduard Muslimov (LAM), Poster!
Emmanuel Hugo (LAM), Patrick Caillier (CRAL, ESO)

Field Splitter Relay Optics
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e BlueMUSE Optical design

* A first optical design has been created for first feasibility
* MUSE already takes the entire space on the VLT Nasmyth
platform: a larger FOV needs larger optics and seems difficult

* The solution currently studied is the use of curved detectors.
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LA=22 BlueMUSE Spectrograph

* F / 1.35 camera, zero deviation

® Curvature radius: ~ 200 mm




L= BlueMUSE Image Quality

Encircled Energy: > 95% within 2x2 pixels

A (nm)

Position 390 430 465
along slit
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Mechanical Footprint

Splitting &
Relay




muse Science case: white paper
astro-ph: 1906.01657

r 3
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multi unit spectroscopic explorer

BlueMUSE

T — Project Overview and
: Science Cases

June 4th, 2019

Johan Richard!, Roland Bacon!, Jérémy Blaizot!, Samuel Boissier?, Alessandro Boselli?, Nicolas
Bouché!, Jarle Brinchmann3#, Norberto Castro®, Laure Ciesla?, Paul Crowther®, Emanuele
Daddi’, Stefan Dreizler8, Pierre-Alain Duc?, David Elbaz”, Benoit Epinat2, Chris Evans!?, Matteo
Fossati'!, Michele Fumagalli'', Miriam Garcia'?, Thibault Garel’'3, Matthew Hayes'*, Artemio
Herrero'®'6, Andrew Humphrey®, Pascale Jablonka!?, Sebastian Kamann'®, Lex Kaper!?,
Andreas Kelz®, Jean-Paul Kneib!'?, Alex de Koter!?? Davor Krajnovic®, Rolf-Peter Kudritzki?!,
Norbert Langer??, Carmela Lardo!”, Floriane Leclercq'®, Danny Lennon!®, Guillaume Mahler??,
Fabrice Martins?4, Richard Massey!!, Peter Mitchell?, Ana Monreal-Ibero'®16, Paco Najarro'?,
Cyrielle Opitom?®, Polychronis Papaderos®26, Céline Péroux?®2, Yves Revaz!”, Martin M. Roth?®,
Philippe Rousselot??, Andreas Sander®?, Charlotte Simmonds Wagemann!3, Ian Smail'!, Anthony
Mark Swinbank!!, Frank Tramper®', Tanya Urrutia®, Anne Verhamme!?, Jorick Vink®, Jeremy
Walsh?®, Peter Weilbacher®, Martin Wendt32, Lutz Wisotzki®, Bin Yang?®.

Abstract

We present the concept of BlueMUSE, a blue-optimised, medium spectral resolution, panoramic
integral field spectrograph based on the MUSE concept and proposed for the Very Large Telescope.
With an optimised transmission down to 350 nm, a larger FoV (1.4 x 1.4 arcmin?



https://arxiv.org/abs/1906.01657

Science case: white paper

astro-ph: 1906.01657

Our galaxy and the local group

+ Massive stars : :
. Globular Clusters Martin Roth’s presentation

- Ultra Faint Dwarfs
 lonized Nebulae See also: Norberto Castro

T — . Comets /asteroids  and Martin Wendt’s posters!

Nearby galaxies


https://arxiv.org/abs/1906.01657

ISM and HIl regions,
Extreme starbursts

* Low mass, starburst galaxiesatz~0

* Physical conditions in the ISM and diffuse
haloes of starburst galaxies from multiple
emission lines

- u

Line structure * Interplay between massive stars and their

Access to key emission lines in the blue:
[ON1]3727, [OlI1]4363, Hell 4686, WR bump

Bik et al. 2018



. . B.. MUSE" *
- Characterise star formation, dust Y e\ i
) ) . MUSE 4 pointings AT
properties and metals through emission S ] (\’._

line mapping.

« Measure distance and kinematics of
Low Surface Brightness and Ultra

,' Duc et al. 20156

FoV well-suited for LSBs and their globular clusters
Access to age / metallicity indicators and Balmer lines for SFH
Higher spectral resolution with respect to MUSE
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muse Gas flows from UV lines
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muse Deep Fields

lookback time (Gyr) 140
4 6 8 10 12 I BlueMUSE: 383
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=/muse | ensed galaxies by massive clusters

+ Magnification allows to probe lower mass,
lower luminosity galaxies

* Massive clusters have a magnification
region extending to 1.5-2 arcmin.

* 1.9 < z < 4 is the peak of the redshift
distribution for multiply-imaged galaxies

40
0.33 <Z< 1.5
35 BlueMUSE 1.5 <Z< 3.0
= . Z>3.0
30 A~ 7] LAE est. count

A

3.0 4.0
Redshifts

Mahler et al. 2018
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musece High-redshift galaxies
Lyman-aat1.9<z<4

* Lyman-alpha emission
probes the diffuse gas in
the CGM.

1109 «

SFR a 2y
— Jerg/s/cm- jarcsec
(1.\1 w) 8/5/ /




multi unit spectroscopic explorer

muse High redshift galaxy clusters

C
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 Herschel and Planck have detected many high

redshift cluster candidates, and Euclid shall
discover 1000s of them!
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Valentino et al 2015; 2016; Overzier et al 2016
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multi unit spectroscopic explorer
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muse Synergies

| 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031

wo IR

uv HST - UVIS

w1 B
Optical LSST

Red | MUSE

Near-infrared -
]
Infrared -

Radio SKA precursors




muse Complementarity with MUSE red

MUSE BlueMUSE (curved) Comment
Field of view 1x1 arcmin? 1.4x1.4 arcmin? Factor 2 in area
Sampling 0.2x0.2 arcsec? 0.3x0.3 arcsec?
Median spatial 0.4 arcsec with 0.8 arcsec
resolution AOF (seeing limited)

480-930 nm 350-600 nm No 580 nm Na
gap
_ 1800 @ 480 nm  ~3000 @ 350 nm  Factor 2 higher
Spectral Resolution 3500 @ 930 nm ~ ~5000 @ 600 nm

Wavelength range

Spectral sampling 2 pixels 2 pixels

7X7 arcsec? None

Narrow Field Mode 0.025 arcsec

OH sky lines Many > 700 nm None

- No filter needed for
Throughput 0.35 @ 700 nm Similar ond grder




7MUsSe Uniqueness

* Unique combination of large
FoV, resolution and wavelength

- Keck Cosmic Web Imager
(KCWI): 8.24” x 20.4”



Feasibility & Risks

* Most technology exists: slicer, spectrograph, etc.
* New technology: use of 4k x 4k curved detector

* No narrow-field mode, no AO coupling, one single mode
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Wmusc Conclusions
e BlueMUSE is a unique opportunity to maintain our world

leadership in the era of IFU science.

e Complementary to the current MUSE and to the ELT
(no blue sensitive instrument for the ELT).

* Little risk, benefit from all existing developments and
community know-how

e BlueMUSE will produce very good science at the first
minute of observations
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==+ Blue-MUSE (curved)




