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Landscape in the 2030+

* Upcoming ground-based
telescopes: ELT, LSST/VRO (Vis),
SKAO (Radio), CTA (High Energy),
ET (Grav. Wave)

* Present & Upcoming space
telescopes: JWST (IR), Euclid
(Vis/NIR), Roman Space Telescope
(Vis/NIR), Athena (X-rays)

* They will detect and classify a huge |
number of objects. Nt

SKA Euclid (ESA)
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but to probe the physics of these objects, we need spectra
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but to probe the physics of these objects, we need spectra! WST@

A 12m telescope A panoramic IFU A high mulitplex

with a 3 deg? field ,SuperMUSE“ with multi-res MOS with
a 10 arcmin? FoV fibre-level ToO

capability

TR
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Top Level Requirements

Telescope Aperture 12 m, seeing limited WST MOS field
1 arcsec f]bre gperture

2 f — <
Telescope FoV 3.1 deg y VLT - 0.20 degrees?
(Cassegrain)
. MOS
Tel. Spec Range 0.35-1.6 ym e

&
2

0.5 deg.

o
[
O
1O
—
o
2

ELT

MOS HR Multiplex 2,000 | . -
MOS HR Resolution 40,000

MOS HR Spec Range | 350-970 nm (3—4 regions)

IFS FoV 3 x 3 arcmin? i .

. fiz% ) H t 'x in2
IFS Resolution 3,500 L 1x1 r:cmm

IFS SpeC Range 370-970 nm (Simultaneous) ' Patrol field 13 arcmin dia.
IFS Patrol Field 13 arcmin diameter N P JIFs 3@ aromin?
MOS & IFS parallel operations B e
ToO implemented at telescope and fiber level §85 arens i Jing

™ IFS mosaic 9x9 arcmin?2
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Comparison with existing and planned facilities
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Science Case WST

[ | The WST science white paper v1, Mainieri et al, 2024, astro-ph
Galactic 194 pages, 214 authors https://arxiv.org/abs/2403.05398
L | v2 foreseen in 2027-2028
Resolved Stellar " Gaia, b
Populations Rubin/Roman,
. J .
> < Euclid,
Extragalactic H SKAO'.
Einstein
_ J
[ b Telescope,
Cosmology \ELT, ... y
_ J
( " Register to become a science team member:
Time Domain wWww.wstelescope.com
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https://arxiv.org/abs/2403.05398
http://www.wstelescope.com/

The formation history of the MW and its satellites WST

Origins of elements WST high-res mode

4MOST Red Clump
WST Red Clump
4MOST MS Sun-ike

WST MS Sun-ike
Gaia DR3 spectroscopy

Galactic Centre

Credit to Laufa Magrini (INAF)
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Line detectability as a function of R WST

precision of the
measurement
Is =4250 K ; log g =1.0; [Fe/H]=-1
' T ' | ' ' |

E'ur it}rﬂ_il /\ 100
Eu |

High spectral
resolution survey of ' | | 80
the whole sky L

=T

* full chemical _ 3
information and RVs, > <
up to G~16-17 :

* A few element 5
=

abundances & RVs
up to G~18-18.5

at larger distances:
metallicities & RVs +

to detect the line

alphas
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Time domain astrophysics

|Time Domainl
Grav

Events with EM signals

(kilonovae) = i e :
Emplanﬂ i T = i ’
atmospheres [ Substellar companion candidates Doppler survey & .

Einstein Telescope

Line profile variations due to stellar pulsations: Main Sequence to evolved supergiants |

; :
! [ LMC & SMC multiplicity and pulsation inventory J

[ Stellar disks and accretion: YSO, Be stars, flares, eruptions J

W

Transients: SN diversity, GRBs, FRBs, TDEs,
Eruptions, Gravitational Wave Events

{ Compact binaries J [ Reverberation Mapping & Q50s (IFU) ]
[ Q50 microlensing (IFU)

S
s L T S e

T e [t 8 P T S Al s W ; I

10min 1hr night 24hr 1week 1month season 1yr 10yr

Cadence / event timescale
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Transients post Rubin/Roman era

In the 2040s Rubin will have discovered hundreds Gantoce
of thousands of transients

ASASSN-151h

Build time-domain capabilities (e.g.,
Operational model, fast data processing) in
WST to enable new science

[
o
B

Ambiguous Nuclear
Transients

|
]
o
o

Tidal Disruption

I
=
o
o

Peak Absolute Magnitude
|
-
2
Peak Luminosity (erg s™1)

* Fiber-level ToO: large scale follow-up of transients
with WST will be key to get a full picture of their —
nature. ' Red Trsients

« Spectroscopic variability: WST will issue alerts
enabling the detection of new classes of transients.

Luminous
Red Novae

10 10+
Characteristic Timescale (days)
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Time domain: Exciting science on all scales ST

Solar system Comets
& Exocomets

Gravitational Wave
Source
Characterization,

Transient astronomy
(stellar flares, SNe,
TDEs, GRBs, etc.)

MOS- T e
 LongPer.Var.\ LR M”

o o« Cygni

Calibration sources

. ~ Doradus

;4 ¢ §Scuti

RR Lyrae (ab)

“: . RR Lyrae (c)

A RV Tauri

= Slow Puls.B

s (3 Cephei

* SX Phoenicis

= Cepheid
Type-ll Cep.

Stellar Variability . Z";O‘KA;

(Gaia, LSST) & Rap.Osc.Ap

+ V361 Hya | Compact objects
© V1093 Her

. 77 Ceti (WDs, stellar-M BHs) Supermassive BHs
1.0 1.5 2.0 2.5 3.0 2 . 4.5 5.0 5.5 (AGN’ QSOS)

Median BP — Median RP (mag)
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Stellar clusters and galaxies of the local group WST
/Resolved Stellar Pop. \ R B : A L S T édegree"~
. IR ¢ > " AL T AN Vi diameter ' .
* The population of Jea i iU e S e e
massive stars in S9E D e Ve e e ST
metal-poor galaxies = [ESEASERERS T i N

* The baryonic and
dark matter halo
properties of Local
Group dwarf gals

 Extragalactic
archeology & data
mining of nearby | S N
galaxies VAN e iR
¢ e e aaremith o
* The role of ultra- oy
faint dwarfs in

galaxy evolution
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A local volume galaxy IFS survey WST

Extragalactic IES

intercloud distance

~——

cloud-scale surveys kpc-scale surveys

WST<>

101 -

HANGS
Legacy SDSS
10° 1 GASP =
| M SMerMe Q&NGA
1 ‘ALI A
< ‘IAD

TIMER

\ 4

1020 galaxies at
D<25 Mpc (1200
IFS pointings)

N. spatial resolution elements / 10°

SAMI

10! T ~— \mas T - T
10 100 1000 10000
Spatial resolution [pc]

Credits: Belfiore Emsellem
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Reconstructing dark matter distribution

Extragalactic

A complete Z=24 mag

survey over ~50
sg.degrees containing
a total of 2.3 million
galaxies and 130k
groups & pairs (with
no photo-z cut).
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Simulation of the reconstructed DM distribution at z=0.6 from LSST, 4AMOST/DESI and WST
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MOS & IFS synergy: MOS driven survey -A |
Galaxy assembly: gas, stars and DM ST

Extragalactic
- )

The cosmic web and its
evolution at the time of
the peak of star
formation

MOS: IGM tomography in absorption and 3D distributionf™ =. .\ |

of galaxies -2, ,\,[\} < ? ‘
IFS: z=2-7 LAEs, small scale clustering, resolved CGM & // < X ,:;
IGM emission in Lya 2= 2435

Leibniz-Institut fir Astrophysik Potsdam (AIP)
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MOS & IFS synergy: IFS driven survey of Massive Clusters WST

X-Rays emission (XMM) Large scale filamentary structure (Weak lensing Jausac et al 2016

Cosmology

Massive Clusters

region

WST-IFU (~ 0.25 Rv

I i) 'f.":.;é\bell 2744 z?O.é'?Fthier fi('?/d.(CO'L.ll;l’é Johan Richard)
ESO/WFI & DECam ]
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Stage V Cosmology surveys: Extending current studies to higher z
and larger statistics

BG e QSO e LBG-
e LRG e LBG-u e IFS-LAE
e ELG e LBGg

Cosmology

Reionisation
epoch

* BAO parameters
* Growth rate of
structures

* Primordial non-
CEINREIES

* Constrain on neutrino
NERS

* Constrain on dark energy

Dark age

CMB
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Probing fundamental physics WST

Neutrinos mass : : -
Primordial non-Gaussianities

WST will be able to distinguish for

In the most conservative case

(M,=0.06 eV) WST could provide
a 3.50 evidence of non-null
neutrino masses

the first time between single-field
and multi-field inflationary models

h=0.6736 +0.0018 -

- 12 1 c

i Planck DESI :‘_—*‘

0.2 4 g (:_D""

CMB-S4 -
. =
§ 44 | wST 5 &
r—r -
o - IO [ . L0 Ly Y a Q
0-1 ‘E NL “ g q>)
0 |8 N ! V\’_ST-&ML}ST == :',h
* * MUST -
0.0 Y : e DESI-I+I i
0.67 0.68 =
h =B -

v
'Q) "b '< >I
Planck W Stage IV + Planck M WST + Planck ,9'” ,\9” 2035:2045
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In the first 5 years of operation, WST will provide: WST

* MOS LR

— 300 million galaxies (to AB 24.5) over 14,000 deg?

— 25 million stars (to AB 23.0) over the entire galaxy and local group
* MOS HR

— 2 million stars (to AB 17.0) over most of the galaxy
* [FS

— 4 billion spectra over 30 deg? in diverse environments (low-density fields, galaxy and
stars clusters, galactic fields ...)

 example: 17 million of LAEs (z=2-7), AB~29, inc. 700,000 with z>5
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Discovery Power WST

* Be careful making predictions, in particular those about the future. K. Valentin.
* e.g. no extra-solar planet in the VLT science case, Renzini & Leibundgut, 1997

e e.g.no mention of CGM in emission in high-z galaxies in MUSE science case,
Bacon et al, 2001

* Parallel IFS blind survey accompanying MOS = huge discovery space
Upgrade Plan

 An IR (1-1.6 um) extension of the MOS-LR
* A MOS mini-IFUs
A GLAO for the IFS
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MOS & IFS
beams

Field corrector

& ADC
IFS Cassegrain
pick-up & relay  MOS /3 focus
mirrors & positioner
MOS instruments e )’ /
w,ﬁo\ e Y%

3 .|
jtﬁ \\q" )
f o !

/ r j‘

&ry mirror
4

9‘: g
. 78 segments, 99 m?

o ¢

[r——

IFS coudé beam &

optical de-rotator

—— |IFS f/35 focus

IFS Station
(144 spectrographs)
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Innovation - Telescope

Faclity | Etendue AQ

Rubin/LSST
Subaru/HSC

(m2.deg?)

50

VLT/MOONS 7
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IFS Cassegrain
pick-up & relay
mirrors

MOS f/3 focus
& positioner
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Innovation — MQOS positioners WST@

https://doi.org/10.1117/12.301

~ Pivoting ball

Carbon fiber tube
Tapered tube /

Tilting spines (Echidna, 4MOST)

Theta-Phi positioners modules (EPFL)

FLEX design (AIP) o 5o 2T R-theta flexible positioner (UKATC)
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Innovation - Spectrographs WST@

* |FS:~144 spectrographs, 2 channels, ~288 x 6k detectors
* MOS-LR: ~60 spectrographs, 3 channels, ~180 x 6k detectors
* MOS-HR: ~3 spectrographs, 3 channels, ~9 x 9k detectors

Folded solid schmidt spectrograph design .
f/0.75 (Sauders W) Curved CMOS (LAM)
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Potential sites in ESO areas

@ﬁ%;hmjuiqrmia e e . 3\ =
1 Cerro SITgN = TSN TR e

Armazonesis ‘; .l Wy Paranal solar plant - 9 MW (Filippi et al, 2022)
e : pirs S )

=R A 1700 tof CO, equivalent

Potential sites in and around Paranal-Armazones ESO area
Angel Otarola (ESO)
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Thank you

Not yet reqgistered to WST

science team ?

Register now at
wstelescope.com

-

THE WST CHRONICLE

Pushing the Boundaries of Spectroscopic Surveys

Interview with
V. Mainieri and
C. Cudennec

Addressing
outstanding science

The telescope optics
and instruments
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