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Large-Scale Structures

Cosmic tug of war

Credit:Volker Springel
The force of dark energy surpasses * |
that of dark matter as time progresses.

Credit; DESI/Claire
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Beutler et al. (2017)
(plot by Ashley Ross)
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& MUST Matter Clustering: Power Spectrum

 Dark energy:
Baryon Acoustic Oscillation
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©) MUST  Science Cases with Large-Scale Structures

Dark Energy Light Relics
® Equation of State ® TJotal neutrino mass
® Time evolution o Effective number of relativistic species

® Early dark energy ® Axion-like particles

Dark Matter Inflation Physics
® Particle mass e Single- vs. Multi-field inflation

® (Self) interaction e Cosmological collider signals

® Dynamical dark matter and dark radiation ® |socurvature perturbations

Modified Gravity And more (Beyond Standard Model) ...

® Scale-dependent growth ® Parity violation
® Screening mechanisms ® Fifth force and new scalar fields

® Gravitational slip ® | orentzian invariance




&) MUST Galaxy Spectroscopic Survey

: + (O Legacy Surveys DR10 images
+ @ Legacy Surveys DR9 images
+ O unWISE W1/W2 NEQ7

. , . iy, + Older Legacy Surveys
+ More surveys

- Overlays
+ Boundaries
+ Imaging catalogs
+ Spectroscopy
+ DESI
+ Bright Objects
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3D Galaxy Map
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The optical sky is a data cube: 0 X ¢ X r

Credit: BOSS/Jeremy Tinker




Duration: 2000 — 2008
Aperture: 2.5 m
Fibers: 800

Spectra: 100k

Redshift = 3.5
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Stage I
BOSS/eB0OSS: precise DE @ z<1

Duration:
__Redshift = 3.5

Aperture: i

Fibers: o N
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Credit: DESI/]Joe Silber
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Stage IV
DESI: precise DE @ z<3

® Duration:

® Aperture:
® Fibers:

® Spectra: R Credit: DESI/Anand Raichoor




DESI DR2

+10 million stars

8 million (0.4<z<1.0)
13 million (0.1 <z<0.4)
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® Dark Energy Equation of State:

PDE
W:

PDE

w(a) =wy+w, (1 —a)

® Evidence of Dynamic Dark Energy
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Something has o give...



https://cmlamman.github.io/

® Parameterization of gravitational
potentials

Y = — 47Ga? [1 +

K*(¥ + @) = — 82Ga” [1 +

: i ® General Relativity is still safe with
i . the combined DESI + CMB
—0.5 0.0 0.5 constraints
DESI DR1 (2024) 2.0




DESI Results: Total Neutrino Mass
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® Normal Hierarchy preferred in ACDM:. Z m, < 0.064eV (95% CL)

® “Negative” neutrino mass: hint of tension between cosmology and neutrino oscillation
experiments




DESI Timeline

DES!
| | |
. DR1 | DR2 { DR3 | DR4 | DR
DR1 BAO relults
DR2 BAO|results

_Increase oﬁ completeneg

~ Extension Qf footprint : 4
[ DESI-Il upgrades — Construction %
2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

® Big success (extraordinary high throughput)

® DESI| extension approved: 2026 — 2029 with 2 additional data releases

® DESI-II: planned 2029 — 2035 with minimal instrumental upgrades




&) MUST MUST: Next Generation Cosmological Survey
N ' For the

~ Anlnternational Collaboration
Early-2030.5' Led by

- - ’ .
» \ \.\"' ". \ », . =5
A |
- s
y s <
- NI I A Ve
) 0| VA
4 ! 45 ’ %
¥y | _ /7 !
) I 48 )
" d 9 . -\ i
/Ul :
] ’i' AA«A

University

A dedicated

S | I‘V9y Telescope

Credit: Iris Long




) MUST Overview of MUST

e MUST aims to carry out the world's First Stage-V spectroscopic survey for Cosmology and create
the Largest 3-D Map of the Universe.

e MUST will constrain cosmological models with unprecedented precision and strive for
breakthroughs in aments ysice ems, such as the primordial condition of the
Universe, the origin and evolution of Dark Energy. and the nature of Dark Matter.

6.0m Primary 20.000 Fiber Positioners

2.l|m Secondary MODULAR Focal Ptane

16m Lens for WFC 40 Spectrographs
037-098 micron
Jdeg? rov




Overview of MUST
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Focal Plane

PROTOTYPE

MOST POWERFUL

multi-fiber spectroscopic capability

e Enabling high survey efficiency

>20,000 Robots

Modular Focal Plane for
Spectroscopic Survey




e Over the past 4 decades, spectroscopic surveys have mapped the 3D

structures of the nearby Universe and yielded many significant
cosmological insights, such as the properties of dark energy.

Stage I/ll: SDSS

® Aperture; 2.5m

* Fibers: 800

® Focal Plane: Metal plate
e Duration: 2000-2008

® Spectra: 100k

Stage lll: BOSS

Stage : MUST

® Aperture: 6.5m
e Fibers: 20,000
e [ocal Plane: Modular robots

e Duration: 2030-2040
® Spectra: over 200 million

Numben ot Redshiits

Comdving Volume [h—3 Mpc?]

o

. A.perture: 2.5m 104 o ° A.perture:

e Fibers: 1000 Cffxl Stage-1V N\ e Fibers:

® Focal Plane: Metal plate 10° S A.pM Stage-I11 “ e Focal Plane:
* Duration: 2008-2019 1930 1990 2000 2010 2020 2030 2040 ® Duration:

* Spectra: 2.5 millior Year Cz+ (MUST) 2024 * Spectra:




e Over the past 4 decades, spectroscopic surveys have mapped the 3D

structures of the nearby Universe and yielded many significant
cosmological insights, such as the properties of dark energy.

Stage I/ll: SDSS

® Aperture; 2.5m

* Fibers: 800

® Focal Plane: Metal plate
® Duration: 2000-2008
® Spectra: 100k Ry ¢

Stage lll: BOSS /

Stage : MUST

® Aperture: 6.5m

® Fibers: 20,000

* Focal Plane: Modular robots
e Duration: 2030-2040

® Spectra: over 200 million

® Aperture: 2.5m ® Aperture:

® Fibers: 1000 * Fibers:

® Focal Plane: Metal plate ® Focal Plane:
® [uration: 2008-2019 ® Juration:

® Spectra: 2.5 million Credit: David Kirby ® Spectra:




Scientific Potential

Baryon Acoustic

Matter-radiation
Oscillation
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Target Selection
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Survey Strategy

MUST DARK TIME
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Cosmological Forecasts: BAO

Low redshitt

(conservative)

0.30 0.32

O, [

High redshift

(conservative)

All tracers
(conservative)

[

All tracers
(optimistic)
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| Forecast assuming
' ACDM

i Forecast assuming
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Cosmological Forecasts

e 0.30 |
. 1203 ———- Current (95% CL)
| 1 DES| 0.25 $ DESI+CMB
| 0.20
i {MUST %
| —0.15
I Planck {MUST + CMB g
L1 . ] L gl .
0.5 1 2 3 5 10 20 30 0.10

o (fNE™) Primordial Non-Gaussianity

Stellar stream: GD—1 + Pal 5 0.05

Lya: SDSS + XQ-100

D T o o

- Mlightest [GV] I

Lensed quasar: JWST CZ+ (MUST) 2024 s Neutrino Mass

MW satellite: DES + PS1

Lya: MUST [10,000 deg®
“+ qLya: MUST [14,000 deg? ® Call for more science cases

® Significant improvements than DESI

46 8 10 12 ® Mock challenge in progress
mx [keV] Warm Dark Matter




& MUST Acknowledgement

MUST Scientific Vision:

o To play.a-majorrole in the Stage-V spectroscopic cosmology endeavor.

@ . [o conduct large time=domain spectroscopic surveys.

o To become an international astronomical platform for decades Rﬁome.
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