—
-4 From galaxies to cosmology with deep spectroscopic surveys
- = A tribute to Olivier Le Fevre. 4-8 July 2022

4-8 juil. 2022 Marseille (France)

l Il
. I’
: 4 ’

U B U

-GN 00

(.

.;

U
..-"L’.

General Introductlon

Mark Dickinson, NSF’s NOIRLab : -

L N
-
. "1 s

|
BN

; i\l

“H Lk

| —cmb—ote

vith[De Spe.troscopl




4

a1 B

il

'
|
sl w
NN

—
-4 = - From galaxies to cosmology with deep spectroscopic surveys
= T A tribute to Olivier Le Fevre. 4-8 July 2022

4-8 juil. 2022 Marseille (France)

-'lll.
.
-
. .'

U B U

Lo T

(.

.;

A spectrum is worth a thousand images.
A thousand spectra are worth...
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From two dimensions...
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From two dimensions...

...to three

First CfA Strip
265 = 6 < 325

mg < 156.5

de Lapparent, Geller & Huchra 1986
1061 galaxies

Seldner et al. 1977 (using Shane & Wirtanen 1967)
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Today’s talks: Sylvain de la Torre + all
Cosmology from large redshift surveys

Redshift Space Distortions Baryon Acoustic Oscillations
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Tuesday’s talks (and more)

Galaxy properties

Mass — Metallicity ISM excitation
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by magnitude

Lilly et al. 1996
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Even imaging surveys are redshift surveys...
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Tuesday’s and Thursday’s talks: Kartaltepe, Tresse, ...

Galaxy properties at high redshifts

Star-forming “Main Sequence” Galaxy dynamics and ISM properties
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Intensity

Intensity

Mapping the IGM in 3D
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Partial LATIS map in COSMOS field

Redder = lower Lya flux, higher
matter density
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4

Points = Galaxies from LATIS, VUDS, zCOSMOS

Newman et al. 2020




Thursday’s talks: Pentericci, Cassata, ...

Surveying the redshift frontier
Pentericci+2018, FORS2,5.5<z< 7.2
0 E

EX re 03 L
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density of spectra (number per sq. deg.)
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density of spectra (number per sq. deg.)
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DARK ENERGY DESI at the 4m Mayall

spectroscoric| Telescope, Kitt Peak
INSTRUMENT National Observatory,

= ’
U.S. Department of Energy Office of Science NSF’s NOIRLab
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Focal Plane Assembly with — ; % Calibration Lamp
System

Six-lens, 8 sq. deg,
Wide-Field Corrector
on a Hexapod &

Top Ring, Vanes,
and Cage

Ten Thermally-Controlled,
3-Channel Spectrographs |
360-980 nm

Ten, 50-m long £
Fiber Cables

Fiber View
Camera

Figures: Abareshi et al., AJ, submitted, arXiv:2205.10939v1
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(Credit: Jinyi Yang, Steward Observatory/University of Arizona)

Fiber View

New DESI Quasar at z = 6.53
Camera
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Figures: Abareshi et al., AJ, submitted, arXiv:2205.10939v1



INSTRUMENT

B3 7=croscone | Main Survey Coverage: DARK

DARK survey: ~5 visits to each patch of sky to achieve full depth.

Main/DARK ; 2468/9929 (=25%) completed tiles up to 20220518 The DARK S.UI'Vey has
2 already carried out

7 % ~9500 deg? with at

% i (IR L least one visit.

j - ¢ % '
15° B oS Roughly 1300 deg?
B2lmdoll, A0 already complete with
multiple visits.

-

Dec. [deg]

Animation credit:
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9495 0.64 0.65

SOER Rt A Raichoor / LBNL
Stats for the 20220518 mqht:.soo : .--'/ Slide credit: DESI Speakers Board
Moon ilumination: 0.87 s =6 800 0.08 0.08

2 DARK ties completed : RA (deg] =7 284 0.6 0.07




2@%:555314 DESI| Year 1 Data
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U.S. Department of Energy Office of Science
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Figures: DESI Speakers Board
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2&'25.5852%14 BAO, early results

INSTRUMENT
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Figures: DESI Speakers Board Figure: J. Guy, LBNL, DESI



The future is massively multiplexed...

140 billion

DESI

30 millio
*/

SDSS, 2009 /

929,000 K gpgs., 2014

LCRS, 1996 */* 2.8 million

18,678 / 2dF, 2003
CfA1, 1983 MK 221,414
1840 CfA-2, 1998

18,000




The future is massively multiplexed...

140 billion

5 /
o 20002 Next-Gen
30 miIIi9/ ~300 million
c. 2035

*/

SDSS, 2009 /

929,000 K gpgs., 2014

LCRS, 1996 */* 2.8 million

18,678 / 2dF, 2003
CfA1, 1983 MK 221,414
1840 CfA-2, 1998

18,000




Tuesday: Richard Ellis, John Silverman ...

The future is massively multiplexed...

Telescope /

Instrument diameter (m)| area (m2) Multiplex| vs. SDSS .

Mayall 4m / DESI 4.00 9.5 7.08 5000 2.6 20.2 0.20
Subaru / PFS 8.20 53.0 1.25 2400 2.5 54.0 0.53
MegaMapper 6.50 28.0 7.06 20000 7.6 237.8 0.79
Keck / FOBOS 10.00 76.0 0.09 1800 0.3 58.1 5.73
MSE 11.25 80.8 1.50 3249 4.7 111.5 0.60
ESO SpecTel 11.40 87.9 4.91 15000 16.6 559.8 0.85
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The future is Extremely Large...
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Thursday: Lidia Tasca, ELT MOSAIC

A=0.31-1.0 ym, red & blue arms
GMT / GMACS \

TMT / WFOS
R = 1500, 3500, 5000 e

ks
GMT / MANIFEST fiber positioner

~~

E
-~

Facility Fiber Positioner
for GMT spectrographs

A=0.32-1.0 ym, red & blue arms
R =1000 - 6000

FoV = 6'x7’
Natural Seeing or Ground-Layer AO

4 July 2022 - Mark Dickinson

Access 20’ diameter GMT FoV
+ |[FU configurations

From Galaxies to Cosmology with Deep Spectroscopic Surveys



SINS/zC-SINF AO IFU Survey, Forster-Schreiber+2018
36 galaxies, 450 hours with VLT

Gemini GIRMOS
A Pathfinder for the ELTs

Gemini-North AO + GIRMOS Multi-Object AO

IFU spectroscopy of up to 4 objects within 2” AO-corrected patrol field
Simultaneous imaging of the AO-corrected field

Pl: Suresh Sivanandam (Dunlap Inst. / Univ. of Toronto)

-~
Ha velocity fields - D3a—6397

mager Field-

Electronics Electronics
enclosure enclosure
(ISTR) (ISTR)
N
)
3
Cryostat CAL (highlighted in
(contains IFU blue) — FLA
& IMGR) (embedded within)
Instrument Instrument
Hubble XDF external mounting
structure (ISTR) structure (ISTR)

OSEL & MOAO
assemblies
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Figure credit: ArianeGroup .
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Thursday: Andy Bunker’s talk

JWST NIRSpec

And the future is almost here! FEGEEE

IANIEBRB Instrument Modes NQS}A

1 2 4 5

Imaging Wide field Time series Time series
6/2/2022 slitless observations — observations -
- spectroscopy imaging grism
6/21/2022 6/10/2022 6/10/2022

1 2 3 4

Multi-object Fixed slit Integral field unit Bright object
spectroscopy spectroscopy spectroscopy time series
7/1/2022 6/28/2022 6/29/2022 6/16/2022

1 2 3 4

Single object Wide field Aperture Imaging
slitless slitless masking (parallel only)
spectroscopy spectroscopy interferometry 6/8/2022
6/22/2022 6/14/2022 6/14/2022

1 2 3 4

Imaging Low resolution Medium MIRI
6/17/2022 spectroscopy resolution Coronagraphic
6/24/2022 spectroscopy imaging
6/24/2022 6/29/2022

3 4
4 July 2022 - Mark DickinsofObserved Wavelength, (pmn)axies to Cosmology with Deep Spectroscop KEY: (1) Commissioning (1) Completed
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Euclid + Roman slitless spectroscopy

Roman
. 4 - ] ]
Euclid : z
208 T L F F146 .
2 VIS (r+i+2z) Y J H . 3F Fj%’\ ]
'c : > C Prism ]
% 0.6 Blue grism __Red|grism - » / ]
I ——e 2T TS N— - -1
< g T‘*;::\ S - .
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9 1 - .
> 041 '; < - \ .
> I e C ]
=] | S e ]
= ! W 1E .
5 0.2 i C :
(V)] = = 7
I | J k '| : - \ i
|9 0 ‘.A/J I IU‘Q J 1 \\ I\ I ‘\» L O . . | . . . J f L | | L A n h | 1

5000 7500 10000 12500 15000 17500 20000

Wave|ength)\[A] 0.5 1 .O 1 .5 2.0 2.5
Wavelength (microns)

Telescope aperture: 2.4m  Field of View (NISP): 0.53 deg?
Blue grism: 0.92-1.25 um

Red grism: 1.25-1.85 um, 1.354 nm/pix = R = 550 (2 pix) @ 1.5 um

Telescope aperture: 2.4 m  Field of View (WFI): 0.28 deg?
Prism: 0.75-1.80 um, 2-9 nm/pix 2 80 <R < 180
Grism: 1.00-1.93 um, 1.1 nm/pix = R = 680 (2 pix) @ 1.5 um
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DREaM: Simulated Roman Ultradeep Legacy Field

N. Drakos et al. 2022, Roman EXPO Science Investigation Team

« DREaM assigns galaxy properties to dark [
matter haloes) (M*, SFR, t, Z, A, etc.) S
* FSPS (Conroy+2009) stellar population S :

Propose Parameters SyntheSiS + nEbUIar emiSSion
465 a0 (Byler+2017)

* 1 deg?: 5x10° galaxies, m<30,0<z<13

Assign parameters from nearest neighbors
§ 6.4 (SFGs)
§ 6.5 (QGs)

SED PIPELINE

Generate spectra using FSPS

'

SPECTRA




DREaM: Simulated Roman Ultradeep Legacy Field

N. Drakos et al. 2022, Roman EXPO Science Investigation Team

« DREaM assigns galaxy properties to dark t., = 100h. bkgd = 1.2 x minimum zodi
matter haloes) (M*, SFR, t, Z, A, etc.)

EOZ3LSNR-5A>\—1' i
£ ¢ = 5, = 1 pixel, point source
. C continuum
* FSPS (Conroy+2009) stellar population a4 29
i I synthesis + nebular emission T F
ropose Parameters enerate Parent Catalog B
so4 o s3 (Byler+2017) 525 F
) = n
 1deg?: 5x106 galaxies, m<30,0<z< 13 S 26 - ‘\\ P127
£ - —o—o0—*
27 - I | | 1 1 I 1 1 1 1

Illlllllllllllllllllllll

t.,, = 100h, bkgd = 1.2 x minimum zodi

exp

Assign parameters from nearest neighbors
§ 6.4 (SFGs)

e Roman Ultradeep Spectroscopy (100h)
Simplified simulation using nominal
Roman WFI performance

log (f,. / 1077 erg s~! cm™2)
K
wn
o

SED PIPELINE

- SNR = 5, AN = 2 pixels, point source
emission line

Generate spectra using FSPS

1 lllllll

l Spectral Sensitivities:

Contin. (prism): AB = 25.8-26.6

0.1

llIlI
U
—_
N
-2

1 lIlllll

1 1.5
wavelength (um)
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N(Ha, z) per Az = 0.05
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N(Ha, z) per Az = 0.05
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N([Lya], z) per Az = 0
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Astrophysics Telescope for Large Area Spectroscopy (ATLAS)

Galaxy Evolution & Cosmology from Spectroscopy of 200M Galaxies out to z=7

Conceived as a NASA Probe Mission concept
Heritage from ESA Euclid precursor ‘SPACE’
* 1.5m aperture telescope with 0.4 deg? FoV

« R =1000 slit spectroscopy over 1to 4 um
 Ha+[Nll]at0.5<z<5
e HB+[Olll]atl<z<7
e [Olllat1.7<2<9.7

* 6,000 spectra simultaneously
» Slit selectors: Digital Micromirror Devices
Now being rescaled to “1m NASA Explorer-class

_ ATEXAS INSTRUMENTS TECHNOLOGY'”

PI: Yun Wang (Caltech/IPAC)

Instrument Lead: Massimo Robberto (STScl & JHU)
Wang et al. 2019, PASA, 36, e015, arXiv:1802.01539
https://atlas-probe.ipac.caltech.edu/

seqd Spectroscopic Surveys



ATLAS Science Objectives

* Map the cosmic web to shed light on the physics of galaxy evolution
Trace large scale structure densely to illuminate the nature of dark energy

Probe the Milky Way's dust-shrouded regions to the far side of the Galaxy
e Explore Kuiper Belt Objects in the outer Solar System

Slitless: 0,/(1+2)=103 Photo-z: g,/(1+2)=10"
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Summary

* 40+ years of multi-object spectroscopy have revolutionized astronomy
* Cosmology
e Large Scale Structure
e Galaxy properties and evolution

* The next 10-20 years: The revolution continues
* Massively multiplexed, dedicated spectroscopic observatories
* New infrared spectroscopic instruments and technologies

* MOS on Extremely Large Telescopes
* Space-based MOS from JWST, Euclid, Roman and beyond

* It’s not just the technology, it’s the people who use it



