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Why high redshifts?

Vol2 <z<6) ~ 4x Vol(l <z<?2)

- More volume

comoving volume per dz
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Why high redshifts?

- More volume

- Better correlated with initial conditions
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Why high redshifts?
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Landscape of high-z tracers

Lyor Gravitational
o Pros: well established and tested
GG' GX [ Cons: not many high-z quasars, line-of-sight waves
operators

Lyman Break

? b2 &= T I'Salmm'l I640A) «\- A000A hrcnk':: i 3 p
Oulite: ... Line Intensity Mapping
(LBGs) ik Pros: extremely small effective shot noise
: Cons: foregrounds order-of-magnitude larger than signal, lots
3 of RND left to do, uncertainties about SNR, ...
Lyman Alpha
Emitters
(LA ES) &b:mmcrd W a:vcllcng th fum

CMB secondary anisotropies

Sunyaev-
< 308 Lensing Zel'dovich
£ 20§
¢ B effects
s; 10]

Redshift
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largely based on: NS, Castorina, Ferraro, White 2021
for multi-tracer, see: Ebina & White 2024
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MegaMapper (Stage-5 spectroscopy)

* Primary target: Lyman Break Galaxies (LBGs) 6
2 <2<5, 14,000 deg” =,

* 24.5 magnitude limited sample
Wilson & White 2019  Schlegel et al. 2019
Ferraro et al. 2019

+~20,000 fiber positioners
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PUMA (21cm interferometry)

Slosar et al. 2019

+ After reionization neutral hydrogen in
dense, self-shielded regions around massive 1.0
galaxies (low effective shot noise)

T . X{X)II(Z) " min
k| > max [ls,_ e(1+2) sin(By(2)) | K

1.22  Agus

0.8 where u(e) = Nog 7o P

. 32,000 () 6m dishes T o6

g0
* Observe half the sky over 5 years < 04

=
+ 200 — 1100 MHz (z < 6) 0.2
* Foreground wedge (optimistic/pessimistic) 0.0

0.00 025 050 075 1.00

- marginalize over mean brightness temp.

kJ_ [h MpC_l]
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FoM = number of linear modes

Excluded by cosmic variance

]Vmodos

— CMB-54 PUMA-32K
— = Simons Observatory PUMA-5K

=== MegaMapper

2.2 2.5 3.0 3.0 4.0 4.5 0.0

Z max

6.0
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High expectations
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Forecasting formalism

Unless stated otherwise:
» Fisher forecasts throughout

- full-shape power spectrum, CMB lensing
(L<B00) & cross-correlation, CMB primary

O sfschen / velocileptors Chen, Viah & White 2020

- flat (co'ly broad) priors on all parameters

- quadratic order in bias expansion

- three “counterterms” for galaxy-auto k%u" P(k)
- +1 counter term for lensing cross-correlation

- three stochastic contributions (ku)"
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From a modeling standpoint, this is
(hopefully) pessimistic



Distance measures (BAO)

—  DESI —  MegaMapper HIRAX
—  Buclid — MSE » PUMA-32K

-
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Structure growth

DESI t MSE ¥  HIRAX
Eucid ~ § MegaMapper  §  PUMA-32K

aalng

[—
o

| Derived from ACDM

p—
[—

Smaller errorbars include
cross-correlation with CMB
lensing from SO

ﬁ{iﬂ ..... f-H

Rel. 03(z) measurement
[—
-
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Neutrino mass

DESI = BGS (BAO) + LRG (BAO)
DESI + Stage-5 (BAO)

DESI + Stage-5 (FS)

- SO

- CMB-54

0.002 0.003 0.004 0.005
Marginal o(7)
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Li gh"' r‘el i C s AN, ¢ > 0.027 (scalar), 0.047 (Weyl fermion), 0.054 (vector boson)

Planck + SO + DEST + PUMA-NK

Stage-5: 6(N.) = 0.036

LSS insensitive to Yp |

0.1 0.3 0.5 1.0
kma.\'/knl
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Inflation: (local) non-Gaussianity

From scale-dependent bias — DESI  — SPHEREx
: : : _ ' —  MegaMappe
assuming universality Buclid fegaMapper

relation o( flﬁﬁc) ~ 1

— MSE

3Q'm, H 3

= b floc redshift errors
262D ()T (k) """

Ab

0.000 0.002 0.004 0.006 0.008 0.010
k| cut [hMpc™]
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Inflation: (local) non-Gaussianity

LSST + 54

| ——  Galaxies + kSZ
102 4 — Galaxies

Improvements from kSZ velocity
reconstruction (Tgg bispectrum) due

: : gj 10! -
to sample-variance cancellation '

109 -

kmin

Miinchmeyer et al. 2018
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Inflation: (non-local) non-Gaussianity

102 -
—— Equilateral
—— Orthogonal
‘ —— Marginalized Bias

Better than the CMBI . |

---- Known Bias
Experiment a(fe1)|a (fEHh) 10% -
MegaMapper - A 23 10 é
MegaMapper - B 22 10 E ‘ -
MegaMapper - C 17 & Fe~e_
Planck 2018 7 | _ it T
Simons Observatory (SO) 27 4 T T ..
CMB-S4 21 9 100 F=—aoo
MegaMapper + SO 16 & ] -~~"‘~~_
MegaMapper + CMB-S4 || 14 7N e e

0.05 010 015 020 025 030 035 040 045 0.50
kB =kP_ /|2

maXx max

Cabass et al. 2022
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Inflation: primordial features

P(k) = (1 + Ay, cos(@ypk + i) ) P(k) axion monodromy
—— BOSS Current limits —— DESI-1
- 10-2 - (BOSS+Planck) StageV
10" ~—— DESI o ir=0.001 il T I = _a
= E —— Buclid 2 ] el r=0.006 === Ta/Mp=8x10
§ | ——— Future g- ................ fa/Mp =5x10"%
—2| .'Lv|... —
§ 10 T [JSS'C\/’I-J § .......... _= fa/Mp = 3 X 10-4
0 s 1 e
- e, LT e NN/ — ] Planck s - e
& = 10—3 - r=0.001 r ..6 006
oI R e A — Y I Y g L — = 0.
< 1y-sl CMB-S3 : ~ S—
: - CMB-S4 Z Tr—
------ CMB-CVL . . . . . . —
20 25 30 35 40 45 50 55 60
10_‘1101 — ](')2 ‘ BT e Frequency of feature
Wiin [ Mpc]
Beutler et al. 2020 White, Silverstein, Green

Prospects for high-redshift surveys, GGI 2025




Dynamical dark energy

6
— Qp(2) = DESI-2
°>1 & DESI1 = StageV
+ Euchd
— 4 -
=
W 3 -
B >
_E_
S - S —
- —8—
1 = s ~ g S —
0 | | | | | ! |
0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5
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Dynamical (early) dark energy v «(1 - cos(s/1)

—  DESI
6 ——  Juclid
— MSE
5 —_ = DESI+MecgaMapper
=)
— S, 1 DESIH+HIRAX
— 2 T DESIHPUMA-5K
oy & | DESI+PUMA-32K
— ey
S’
3 o
9 | CMB primary, FS and
= LSSxCMB lensing
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Gravitational slip

— DESI — Euclid - Planck + SO
— MSE —  MegaMapper - + LiteBIRD + S4

o, = 0.007
at z = 1100
from Planck

|
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Not ambitious enough?

Prospects for high-redshift surveys, GGI 2025



Optical depth to reionization from 21cm

Working on perturbative

i 'Aloisio 201
scales (depends on McQuinn & D'Aloisio 2018

in et al. 2022

morphology of bubbles) et
21lcm power spectrum o Scenario 1000 dishes SKA-like
(brightness temperature)? Zmax 12 12 12 10 10

Zmin 7 7 9 7 7

Brightness temp. tracks ionization Lint [years] 10 5 5 5 5
history, use to predict 7 1000 x o, 19 3.0 7.0 3.8 0.9
Liu et al. 2015

Assuming Weibull : v 0 \C

functional form for the z(z) = Exp |—max ( ) ,0)

reionization history

NS, Chen & White 2022
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Where are we now?

(for galaxy surveys)
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Timeline

v

2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037

Mayall / DESI
Mayall / DESI-ext
Mayall / DESI-2

Extend DESI
footprint to DEC = -20

2038

Spec-S5 installation Spec-S5 Ops

g Rubin Ops r Rubin-2 Ops >

-
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IBIS medium band imaging — DESI-II

X [h~'Mpc]
3768 3941 4100 4247 4383 4510 4628 4739
M41l1l M490
+ 5 filters in the g band to select LAEs / e aze o sl
LBGs over 2<z< 3.5 ER] )
50 - —
* have collected deep COSMOS & XMM- obe LT L

LSS fields

T% — total
2 P - Wide
) = R b
+ Plan for DESI-II: 5000 deg” using s L A4 1 | H -4
Blanco/DECam 05 ——
S ool NN | | b
2.7 2.4 2.6 2.8 3.0 3.2 3.4 3.6

Ebina et al. 2025 (to appear soon!)

Prospects for high-redshift surveys, GGI 2025



IBIS medium band imaging — DESI-II

+ 5 filters in the g band to select LAEs /
LBGs over 2<z< 35

* have collected deep COSMOS & XMM-
LSS fields

. Plan for DESI-II: 5000 deg” using
Blanco/DECam

* (will be) best high-z constraints to-
datel

0.8

0.2 -

— Miyatake+22

— Farren+23
Piccirilli+24

— Saliler+24 & 25

— de Belsunce+25

—_— Ug’lanck

— IBIS (pred.) 1 I

1

Ebina et al. 2025 (to appear soon!)
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Stage-5 (current incarnation)

- Imaging
- LBGs with Rubin broadband imaging
- LAEs using medium bands on Rubin

after LSST is completed

o Spec-S5 Wide
® Spec-S5 Deep
) —DESI

® Rubin/WFD

* Two 4 m telescopes (Mayall & Blanco)

Dec. [deg]

+ ~26,000 fibers

* High-z program (z > 2) covers 11,000

deg?

Besuner et al. 2025
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Alternatives

4 ﬂ‘]]@ . Multplexed | 6.5 m telescope in China,
P —

. -Survey

.. Teléscope already under constructionl

MUST

S I Bacon et al. 2024

10 m class
telescope in Chile

2023-08

The leveling of Site A at Qinghai
Cold Lake Saisenteng Mountain
was completed. Site A is
located at an elevation of 4,358
meters with an area of 33,000
square meters.

Details >
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Caveats and Challenges
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Caveats

» Forecasts assume cosmological ]
concordance within ACDM \

» Current DESI / SNe conundrum e

- could just be a fluctuation

_2 4 .\\ .
mEm CMB +BAO +P, NN
CI\/IB+BAO+P3_BO \\:\\ \\\\
mm CMB+BAO 4+ P; —-~By SBPpriors . :\: v
=== CMB | BAO . \
_3 l : ! ' T I ol
—1.2 —1.0 —0.8 —0.6 —0.4 —0.2 0.0

wWo

Chudaykin, MI, Philcox, to appear
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Caveats

* Forecasts assume cosmological
concordance within ACDM

DESI+-CMB

» Current DESI / SNe conundrum

- could just be a fluctuation
- systematics in large-scale polarization?

NS, Farren, Ferraro, White 2025
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Caveats

* Forecasts assume cosmological

1.02 - = ACDM 0 Spec-55

concordance within ACDM —a o vesion:

1.06 A

1.01
®
1.04 -

» Current DESI / SNe conundrum

- could just be a fluctuation
- systematics in large-scale polarization?
- curvature?

L
k

1.00

> 1.02

1.00 -/\

0.98 -

0.99 -+

——

.\

(Dm/Dn)/(Dpm/Dy) oy
L

(Dvirg)(Dyirg)sianck

0.98 -

0.971 0.96 -

Chen & Zaldarriaga 2025
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Caveats

* Forecasts assume cosmological
concordance within ACDM

» Current DESI / SNe conundrum

- could just be a fluctuation
- systematics in large-scale polarization?
- curvature?

&2
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Caveats

| P(k) — (1 _ e_\/W‘C> P(k)
* Forecasts assume cosmological

concordance within ACDM

CMB (Pr) + BAO

» Current DESI / SNe conundrum

- could just be a fluctuation
- systematics in large-scale polarization?

- curvature? 0.09
- large-scale suppression? 0 ol
F0.07¢F
0.06+
0.05+
11 10 -9 -8 =7 0.06 008
In(k. Mpc) T

Jhaveri, Karwal, Hu 2025
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Caveats

where R,\-l = Hov g

* Forecasts assume cosmological Aside: wishful thinking
concordance within ACDM . DESL-CMB
+ Current DESI / SNe conundrum \ Sk (- et

—— A;IIQ [\l\‘:) ~ A.u.—l

- could just be a fluctuation =
- systematics in large-scale polarization? 5:
- curvature?

- large-scale suppression? /\

0

0 0.0025 00050 0.0075
curvature density fraction (£2x)
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Observational challenges

Selection of high-z targets
most closely mimics DEST
ELGs...systematics!

Reds h l fT er r.o r's Comparison of measured power spectra and best-fit models

1.20 1 W SFD 96
l l") J .0 1 \'\ ., Pp— Uncorrc:tcc —1 Cllidllg 23
' 5 - I BN Flanck 16
) l ] L- l--"- l_l—-_l_--n_l---l_.-h-l_--A‘—. - ZMU 24
T .24 10 . . — l . Mudur 23
E \ &0 100 150 200 250 300 350
Fo 1.05- \
‘:.J -
— £ 1.00 | - -
— 'E:a
| 0.95 -
N
pa— 0.90
- 99
0.8
—< %3
-
(-
— 1.1
4 ~-D \“'\;;t: ——
3 1.0 - o
E‘& }," —
) V7
- S
0.9 - /
J , “ =
0.8 - 1.0 e e — —
> | .. } S Kg
0.7 /50
0 100 120 200 250 300 350

Karim et al. 2024
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Challenges — what is the clear science case?
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