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MUST: Overview
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The northern MegaMapper
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Recent Progress

2 Fundraising
๏ The total cost for construction is ~$200M 
๏ The telescope itself is fully funded!

๏ Great support from Tsinghua University.

1Optical Design
๏ A 6.5-m R-C design with a 2.45-m secondary.

๏ A 1.6-m complex WFC to achieve ~5 deg2 FoV.

๏ For a spectroscopic telescope, MUST has 

excellent imaging quality: EE80 < 0.6 arcsec 
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Recent Progress

4Pathfinder

๏ Finish building a 65cm pathfinder.

๏ Will start to observe on the MUST 

site in 2024

3Focal Plane
๏ Modularised fibre positioners 

designed by EPFL

๏ 63 fibre positioners with 6.2mm 

diameter per module

๏336 modules on the focal plane

5Infrastructure๏Summit flattened by local 
government in 2023


๏DIMM tower working
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Plans & Goal

๏ We have organized the first scientific planning meeting in 2021 to 
hear the community inputs from very different fields, ranging 
from cosmology to solar system science.


๏ These inputs have become the foundation of our initial 
scientific vision. 

We have Gathered Broad Community Inputs Aiming for the Unique Parameter Space

HERMES
WEAVE

4MOST

SDSS2dF

IMACS

Spectral Power 

Recent Surveys

Spectrographs on 
6-10 m Telescopes

Spectrographs on 
~30m Telescopes

DESI

MUST

Optimal for 
Cosmology and 
Time-Domain

To
ta

l G
ra

sp

Gary Hill 2014



Cheng Zhao @ Tsinghua University   |   08/05/2024   |   Fundamental Physics from Future Spectroscopic Surveys  —  LBNL 7

Main Science Themes

๏ While in a very early stage, we have identified three main themes to develop MUST’s 
scientific potential.

Stage-V Cosmology Survey: capable of conducting the 
next-generation spectroscopic surveys for cosmology.

Time-Domain Spectroscopic survey: help depict a 
more dynamic Universe using time-domain spectra.

A Flexible Scientific Platform: to facilitate synergy with 
a series of domestic and international projects.
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Stage-V Spectroscopic Survey

Deep: large aperture Massive: highly multiplexed

Stage V / MUST

Credit: David Kirkby
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Scientific Focus: Cosmology
Keys to the Next-Generation (Stage-V) Spectroscopic Cosmology Survey:

๏ High redshift 
๏ High density

→    large volume

→    small scale

๏ Early dark energy

๏ Primordial Physics

๏ Modified gravity

๏ Dark matter 

interaction

๏ Parity violation

๏ …

High Redshift

๏ Neutrino mass

๏ Nature of dark 

matter particle

๏ Light relics

๏ Peculiar velocity

๏ Baryonic effects

๏ …

High Density

Topics of this conference!
Credit: David Schlegel
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Scientific Focus: Time-Domain Spectroscopy

Serendipity
Discoveries

๏  Explore the “Unknown unknown” 

๏  The careful mining of the MUST 
data could help uncover rare or 
ignored types of transient events 
(e.g., see the discovery of changing 
face AGN)

Of high-value time-domain targets
Transient Follow-up
๏The confirmation and classification of 

supernovae, TDEs, and other transient events.

๏  The search and confirmation of optical 

counterparts of GW events

When combined with multi-messenger search 
and large photometric surveys, time-domain 
spectroscopic surveys can open up new 
windows to the dynamic Universe.

Time-Domain Survey
Spectroscopic Survey

๏RM surveys of AGNs and QSOs

๏Survey of SN and TDE host galaxies

๏Time-domains spectroscopic 
surveys of MW Stars

๏Peculiar velocity survey of SN host galaxies
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Technical Challenge: Focal Plane
An initial concept of a modular focal plane with 10080 fiber 
positioners (using DESI fiberassign code)


Major challenges: 

๏ Fast fiber assignment with targets updated in real time


๏ Fast reconfiguration of fiber positioners


๏ Collision avoidance


Development: AI-based optimisation tool

Credit:�MUST�Collaboration



Cheng Zhao @ Tsinghua University   |   08/05/2024   |   Fundamental Physics from Future Spectroscopic Surveys  —  LBNL

Scientific Preparation

12

Cosmological white paper in prep. (to be submitted this year)


๏ Preliminary Lyman Break Galaxy (LBG) selection based on HSC data


๏ Fisher forecasts for major science cases

Credit:�MUST�Collaborationd’Assignies,�CZ+�2023 Zhang+�in�prep.

/ MUST
/ MUST
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US Spec-S5 & MUST Synergy

1 ๏ Volume & longitude complementary: more statistics; smaller cadence for time domain

๏ Cross validation: will shed light on systematics2
3 ๏ Software development: survey strategy, fibre assignment, data analysis, etc.

We can do a 
lot of science 
together!
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Scientific Collaboration

Scientific Collaboration Policy

๏ We have drafted an initial version of the scientific 
collaboration policy and code of conduct.


๏ We aim to make it as friendly as possible to the 
junior members of the community including the 
international ones.

We sincerely welcome your 
participation and involvement!

Scientific Discussion and Communications

๏ We are organizing different types of on-line talks & discussions on 
different scientific topics related to MUST. 


๏ The first few “We MUST Talk” seminars have drawn broad domestic 
attention. 
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Looking Forward to Your Comments and Advice !

๏ To play a major role in the Stage-V spectroscopic cosmology endeavor. 

๏ To conduct large time-domain spectroscopic surveys. 
๏ To become an international astronomical platform for decades to come. 


MUST Scientific Vision: 

https://must.astro.tsinghua.edu.cn/ 

http://must.astro.tsinghua.edu.cn/

