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Forecasts for DESI
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Most models of inflation predict 
some running of the spectral index

DESI will improve the constraints 
from Planck by a factor of ∼3

Forecasts dominated by the small-
scale clustering of the Lyman-α forest
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Cosmological probes of linear power
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Weak lensing

Photo-z galaxies

CMB lensing

May 2021 - 2026: Dark Energy Spectroscopic Instrument (DESI)
* 35 million spec-z galaxies at z < 1.5

Spec-z galaxies

* 1 million Lyman-α quasars at z > 2 

Lyα forest (Lyα 1D)(Lyα 3D)
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Lyman-α forest
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The Lyman-α forest
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z=3.56z=2.95
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The Lyman-α forest
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Cosmology with the Lyman-α forest
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Lyα 3D

• measure expansion / geometry

• from 3D correlations

• on large scales

• modelling based on linear theory 

(mostly BAO signal)

Lyα 1D

• measure clustering

• from 1D correlations (P1D)

• on small scales

• non-linear modelling based on 

hydro sims and emulators



Andreu Font-Ribera (IFAE) - Running from the forest                                        Future Spectroscopic Science, Berkeley, May 8th 2024

Emulating the Lyman-α forest
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Lyman-α Cosmology Emulator (LaCE)


www.github.com/igmhub/LaCE


Based on:


- Pedersen, AFR et al. (2021)


- Pedersen, AFR & Gnedin (2023)


- Cabayol-Garcia, Chaves-Montero & AFR (2023)

Trained on LCDM hydro simulations


Emulation as a function of:


- IGM physics (temperature, ionisation)


- Amplitude and slope of linear density power 
(on megaparsec scales) Percent performance even for cosmologies not 

present in the training (including running of 0.015)

http://www.github.com/igmhub/LaCE
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Cosmology with the Lyman-α forest
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Bridging the gap in the forest

11

• AFR, McDonald & Slosar (2018)

From 40 mocks of BOSS

New 3D estimators aiming at smaller scales

• Abdul-Karim et al. (2023)


• de Belsunce et al. (2024, next talk)


• Horowitz et al. (2024)

Full-shape analyses (beyond BAO)

• Cuceu, AFR et al. (2021, 2023a, 2023b)

• Gerardi, Cuceu, AFR et al. (2022)

Perturbation theory models
• Chen, Vlah  & White (2022)


• Ivanov (2023)

Emulators for P3D

• Chaves-Montero et al. (In prep)
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What can Spec-S5 do for us?
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Running from the forest with Spec-S5
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Some of these models predict:

Forecasts from DESI + Planck 
still a factor of 2 away…

Most models of inflation predict 
some running of the spectral index
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Galaxy surveys running out of sky: 

DESI cosmic variance limited to z < 1.4

2 M. McQuinn and M. White
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Figure 1. Corrected version of Figure 5 in McQuinn & White
(2011), where only the dashed curves have changed from the orig-
inal. The original caption follows: n̄eff as a function of m1A

AB for
a Lyα forest survey that uses either galaxies or quasars. These
curves assume mlim

AB = m1A
AB, where mlim

AB is the survey limiting
magnitude. The solid curves show n̄eff for quasars at z = 2, 3, and
4 (from top to bottom). The dashed curves show this quantity for
galaxies at z = 2, 3, and 4 (from left to right). Here, n̄eff is cal-
culated at k‖ = 0.1 Mpc−1, but its k‖ dependence is extremely
weak.

where [P̂QE
F ]last iteration was dropped in McQuinn & White

(2011). The power spectrum estimate requires iterating this
estimator.

Section 4.2, on cross correlating Lyα surveys with galaxy
surveys, following eqn. 35: In the phrase, “Even though the
S/N in the cross correlation is then a factor of ≈ 10 below
the S/N in the Lyα forest auto correlation”, the instances
of “S/N” should be replaced with “(S/N)2”.

Bottom Panel, Figure B1 in the Appendix: The curve that
represents the “2 DLA” correlations for the standard model
is really the thin blue dashed curve rather than the thick
red dashed curve, contrary to what is specified in the figure
annotations and in the caption. Conversely, the curve that
represents the “cross” term in the model that only includes
absorbers with NHI > 1020 cm−2 is really the thick red
dashed curve rather than the thin blue dashed curve.
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z=4 (QSO)

z=3 (QSO)

z=2 (QSO)

McQuinn & White (2011)

BOSS DESI

Cosmic variance

Not the case for Ly-α surveys: errors 

limited by density of lines of sight 

Running from the forest with Spec-S5
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Not the case for Ly-α surveys: errors 

limited by density of lines of sight 

Quasars are rare, but we can 

also use galaxies as backlight 

(see CLAMATO, LATIS)
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• Large-scale 3D correlations in the Lyman-α forest are 
(as of today) our best probe of the expansion at z > 2


• Small-scale 1D correlations are a unique window to 
the linear power at Megaparsec scales


• In combination with CMB is our best shot at running


• Statistical uncertainties still limited by density of lines 
of sight, not by cosmic variance. Give us more forests!


Summary


