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Ground Based Facilities
Post LSST (2022-32) by Steven Kahn

Astro2020: Activity, Project, and Statement of
the Profession Consideration White Paper

Future Uses of the LSST Facility: Input from
the LSST Project Science Team

Themalic Arcas: & Planclary Systems 2 Star and Planct I'ormation

A Formation and Lvolution of Compact Objecls & Cosmology and Fundamental Physics
20 Stars and Stellar Livolution M Resolved Stellar Populations and their Lavironments

2 Galaxy Lvolution 2 Multi-Messenger Astronomy and Astrophysics

Principal Author:

Name: Sigven M. Kahn

Institution: Stanford Umversity, STAC, T.SST
Email: SKahn@lsst.org

0: Extend the Survey
® |: Modest Cost Modification

e 2: Replacement of Camera



Post LSST : Extend the Survey

Table 1: Various science metrics as functions of survey duration.
rs coadd”
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color vol.©
# of visits?
o, (r=24)°

0#(T=24)f
“ The coadded depth in the  band (AB, 5o point sources).
® The photometric error for a point source with i = 25.
¢ The volume of the 5-dimensional color space, normalized by the final value.
4 The number of visits per sky position (summed over all bands).
© The trigonometric parallax accuracy for a point source with =24 (milliarcsec).
 The proper motion accuracy for a point source with 7=24 (milliarcsec/yr).
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Post LSST : Modest Moditfication
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Figure 1: Sky area versus single-epock depth for ume-domain optical surveys. LSST s urique

in its shility to characwerize the changing sky, and it chould remain as the premier facility n this
epplication cven after its 10-ycar survey. This figwre is caapted from Yasuaa et al (20!9).
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Post LSST : Replacement of Camera

e 1: Multi-Spectrograph ($500M)
e 2:]R Camera ($500M) : 1.0-1.8 micron
e HgCdTe (MCT), Germanium CCD, InGaAs

e 3:CMOS ($100M) : Hz - kHz survey
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MegaMapper
Southern Hemisphere Multi-Spectrograph

Astro2020 APC White Paper

Component Cost ($M) Basis of estimate

The MegaMapper: a z > 2 spectroscopic Telescope faciliy 70 Magellan 1 & 2

instrument for the study of Inflation and Dark ~ Seconday 10 Vendor ROM
Corrector 20 DESI

Energy Focal plane 10 DESI

Fibers 5 DESI
Spectrographs 24 DESI and SDSS-V
Total 139

Thematic Areas: Gironnd Based Project, Cosmnlogy and Fundamental Physics

. . ‘lable 3: MegaMapper costing and basis of estimates
Principal Authors: galviappe g

Name: David Schlegel
Institution: Lawrence Berkeley Naticnal Laboratory
Emzil djschlegel @1bl.goy

Name: Juna A. Kcllmeier
Institution: Obscrvatorics of the Carncgic Institution of Washing
Email: jak@camcgicscience.cdu

Figure 2. Rendering of the Magellan-style lelescope with te secondary irmor and 7k ment
corrector, pointed towards the horizon. 1'he 32 MegaMapper spectrographs are parked on the base
with a fiber run that is substantially shorter than the 50-meter run for DESI.




MegaMapper (20,000 fibers, FoV 7 deg)
on Magellan-Style Telescope
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2021
2022
2023
2025
2026
2027
2027
2028
2029

Telescope optical design finalized

Project approval, DOE Critical Decision O (Mission Nead)

Casting of mirrors and hegin aquisition of corrector blanks

DOE Critical Decision 1 (Approve Aliernative Selection)

DOE Crniticzl Decision 2 (Approve Allernative Analysis and Cost Range)
DOE Critical Decision 3 (Approve Start of Construction)

Telescope first ight

Focal planc and spectrograph installation start

Operations start
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Figure 1: Number of galaxy redshifts as a function of time for the largest cosmology surveys.
The dotted line represents an increase of survey size by a factor of 10 every decade. Fielding the
MagaMapper in ten years maintains this pace into the 2030s, and enables the Inflation and Dark

Energy measures proposed in this and other white papers.




MegaMapper, MSE, LSSTspec & SpecTel

Instrument (year) Primary/m* Nfber Reflections  Product Speed vs. SDSS
SDSS (1999) 3.68 640 0.9 1908 1.00
ROSS (2009) 368 1000 0.92 2980 1.56
DESI (2019) 9.5 5000 0.9! 42,750 22.4

PT'S (2020) 50 2400 0.9 108,000 56.6
4MOST (2022) 12 1624 0.92 15,800 8.3
MegaMapper 28 20,000 0.92 454,000 238.
Keck/FOBOS 77.9 1800 0.9° 102,000 53.6
MSE 78 3249 0.9: 228.000 119.

I SSTspec 353 8640 0.9 222000 116.
SpecTel 87.0 15,000 0.92 1,070,000 560. SpecTel: 8-12m

Table 1: Survey speeds for multi-fiber spectrographs as measured by the product of the telescope Ne_W Telescope
clear aperfitre, number of fibers and lossas from mirror reflections. This speed assumes a dedicated Ellis & Dawson
program, which would not be possible in all cases. Keck/FOBOS [9], MSE [10], SpecTel [11] and

MezgaMapper are proposed experiments. LSSTspec [12] is a notional number using MegaMapper

pusitiorers on the LSST fueal plane, if uptical design limitations could be overcomne injecting 71.2

light into fibers.

Instrument (year) Primary/m= FQOV/deg= Refections Product Speed vs. SDSS

SDSS (1999) 368 7.06 0.9” 21.0 1.00

BOSS (2009) 3.68 7.06 092 210 1.00

DESI (2019) 9.5 8.04 09! 687 321 Schlegel et al
PFS (2020) 50 1.33 0.9! 59.9 2.85 arxiv: 1907.1171
4MOST (2022) 12 4.90 097 588 2.80

MegaMapper 28 7.06 0.92 160. 7.62

Keck/FOBOS 77.9 0.087 0.93 1.94 0.23

MSE 78 1.52 0.9 107. 5.10

LSSTspec 35.3 9.60 0.9° 247. 11.76

Speclel 87.9 4.91 092 350, 16.65

Table 2. Survey speeds as measured by the raw product of collecting area and field-of-view. This
is the appropriate metric for a wide-area survey with spars2 targets. Even without taking full
advantage of multiplexing, the MzgaMapper survey speed is competitive with larger telescopes
owing to its large field-of-view.




Astro2020: ATLAS Probe

Astro2020 Project White Paper

ATLAS Probe: Breakthrough Science of
Galaxy Evolution, Cosmology, Milky Way,
and the Solar System

ATLAS Wide" — WFIRST

Lead Author:

Namceo: Yun Wang

Institution: California Institute of technology
Email: wang@ipac.caltech.cdu

Phone: [526) 395-1415

Fig. 1. Cosmic web of dark maller (green) al £=2 Uaced by galaxies (red
e 5 filed crcles) from the ATLAS Wide survey (left), which obtains specira for
oo e 70% Of galaxies in the WFIRST weak lensing sampe, ccmpared to
¥ WFIRST GRS (rignt). The larger circles represent brighter galaxes. (WVang

Fig.2: The spatial distribution of Ho-emitling galaxies at z=2 from the semi-analytical galaxy formation model GALFORM. Each
panel illustrates a different survey of the same galaxy distribution, with redshift accuracy o-/(1+2) equal to (a) 102 (most
oplimistic photo-zs), (b) 109 [slitless spectroscopy); and (<) 10 [ATLAS slit spectroscopy).




ATLAS (1.5m, R-1000, FoV 0.4 deg?
NIR A1-2.1 micron, MIR 2.1-4 micron)
DMD:
Digital Micro Mirror Devices
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Fig.3. Expected Hiz) and fy{z) from future surveys. “2pt" refers to galaxy power
spectrum, “3pt" refers to galaxy bispectrum. Constraints are derived following
Wang et al. (2013) & Samushia et al. (2019). The constraints on Da(z) (not
shown to avoid cluttering) provide a cross-check on H(z). The bias between
galaxy and matter distributions is b(z). ATLAS overlaps ground-based projects
0.5<z=1 for key cross-check and mitigation of systematic effects).

[1g.5: A full view of the preliminary optical design for
the ATLAS Probe instrument. The large gray circle is
the back of the primary.




The End of Galaxy Surveys
by Jason Rhodes

Astro2020 Science White Paper

The End of Galaxy Surveys
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Figure 1: Spectroscopic redshifts as a function of year. The
number goes up be a factor of 10 every decade.




Summary
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Telescope Ranking
What is the successful Telescope ?

2009 | Nature Article 2010-2019
Madrid & Macchetto ADS Citation ranking

arxiv : 0901.4552 e 1 Planck

e 2:SDSS
. e 3:LIGO
n B = ¢ 4 WMAP

CFHT

Spitzer \ 4 50

Chandra a8 2 09 ® 5: HST
3706 2.8%
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HIGH-IMPACT OBSERVATORIES

Rank  Facility Citations Participation

HESS

207 2.2/
SDSS - Sloan Digital Sky Survey . 6 : HerShel

HST - Hubble Space

7 Ted L'.\U)FL:
ESO - European Southern Observatory
CFHT - Canada France Hawall Telescope

HESS - High Energy Stereascopic System ® 7 . Kepler




