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* Robotic positioners
enable observations of
5000 objects

simultaneously

* 8-year survey measuring
63M extragalactic
redshifts

* Roughly one millionz =
2.1 Lya forest quasars

Credit: DESI Collaboration/NOIRLab/NSF/AURA/R. Proctor
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* Probesionization state, temperature, density of IGM
* Traces large-scale structure: great forz >2 cosmology!
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* Two-point
correlations:
* Lya auto-
correlation

 Cross-correlation
with quasars
* Mustassume a
fiducial cosmology

Image Credit: NOIRLab/NSF/AURA/P. Marenfeld and DESI Collaboration
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* More to be gained from the Alcock-Paczynski (AP) effect: factor of ~2 improvement

* Arises from anisotropy introduced by incorrect fiducial cosmology
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Cuceu et al. (2021)
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Requires estimates of the quasar continuum

3
—— DESI QS50 at z=2.42 (SNR=9.6)
== Lya emission line

Lyva forest region

I —— DESI QS0 at 2=4.06 (SNE=0.5)
g == Ly emission line

Relative Flux

Lya forest region
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l Challenges in Lya forest cosmology

Covariance estimation: ad-hoc smoothing procedure
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 Forest continuum cannot be
measured directly in DESI data

* Current method estimates the
expected flux F(1)C, (1) for each
quasar

« Mean continuum C(AgF) is
measured from data

e Removes some information on
large scales

* Distorts correlation function on all
scales

* Notrecovering all the informationin
the two-point correlation functions

| SPECTROSCOPIC I Current continuum fitting method

F(D)C,(A) = C(Arp )(ag + bglogd)
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 Forest continuum cannot be
measured directly in DESI data

* Current method estimates the
expected flux F(1)C, (1) for each
quasar

« Mean continuum C(AgF) is
measured from data

e Removes some information on
large scales

* Distorts correlation function on all
scales

* Notrecovering all the informationin
the two-point correlation functions
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l Current continuum fitting method
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DESI QSO at z=2.57

* CNN that predicts unabsorbed 3

continuum from 1040-1600A

baseg only on red side (1216- b

1600A) = 2
* Trained on low-z COS spectra + E f

DESI Y5 mocks = '

21 N 0 I1 ’1 f
0 —— input
—— LyCAN prediction
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Cosmic Origins Spectrograph (COS) spectrum Gaussian Mixture Model representation of 38
CQOS spectra
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* 40k COS-based synthetic spectra + 40k DESI Y5 mock spectra

* Perturbations, metal lines, and noise added to COS-based spectra

3.0 DESI Y5 mock DESI-like synthetic Combined DESI Y1 data
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Turner et al. (2024) 14
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LyCAN tends to over-predict
the continuum at high-z
(~1% in FFE)
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Turner et al. (2024)
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* Probes the evolution of
the IGM, including
possible signatures of
He Il reionization

* Largest sample to date
for measurement of T.¢f
(~84,000 QSOs, SNR = 5
only)

* Error barsdominated by
metal correction scheme
(Schaye+03)

* Bestagreement with low-z
measurements based on
high-resolution spectra
(e.g. Faucher-Giguere+08;
Gaikwad+21)

| SPECTROSCOPIC l Application: optical depth evolution
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Turner et al. (2024) 17
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Can we measure undistorted correlation
functions?
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* Question: how much better can we measure cosmological parameters with knowledge of the
true continuum?

* Method: full-shape forecasts using DESI DR2 mocks (idealized case without contaminants)

g - DESI mock Q50 at z=2.59
=== true continuum
ERY —— LyCAN prediction (AFFE=0.019)
1, . —
© — picca FC,
g4
— 2 | e
u- T T T T T T T
1050 1100 1150 1200 1250 1300 1350 1400
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Turner et al. (2025)
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 Forecasts assume Planck 2018
fiducial model

 Computed covariance matrices from
mocks with the true vs fitted
continuum up to 1, = 240 h~*Mpc

* Results compared to current
baseline: continuum fitting (distorted)
analysis, 30 < r < 180 h™'Mpc

01 0.0100
0.0075
2000
0.0050
4000 - -0.0025
-0.0000
6000
—-0.0025
8000 —0.0050
-0.0075
10000
—-0.0100

2000 4000 6000 8000 10000
Correlation matrix from 50 mocks (~875

subsamples per mock)
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* Applied and validated the Hartlap
correction to ensure robustness of the

covariance matrix

* Balance between:
* Npp and size of data vector

* HEALPIix pixel size and largest transverse

separations probed

* Also investigated impact of extending

analysis to larger scales

* Within limit allowed by robustness of

covariance matrix

Covariance estimation

Error on the Hartlap correction
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N: number of samples used for covariance measurement
p: length of data vector

Turner et al. (2025)
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* ~10-15% improved AP constraints with the true continuum

- ~40% extension in area

More information available at larger scales, but dominant effect is the true continuum

1.4 4 === distorted analysis, smoothed covariance
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Turner et al. (2025)
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Turner et al. (2025)
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Future prospects

lookback time [Gyr]
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* Covariance matrix can be expressed in the eigenbasis

of a mock-based reference

1.04

* Robust uncertainties demonstrated by forecasts

1.02¢

* Neural network to learn corrections to this
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* Improvements to LyCAN

* Incorporating broad absorption line (BAL) quasars in
training set and adding pixel masking (Deeti Patel) 3

* Uncertainty prediction

* Validation on mocks, including impact of
contaminants and continuum errors

=== N
A ——— LyCAN (AFFE=0.012)
!

Relative Flux

* Other applications of LyCAN

* Cross-correlation with CIB n «-‘/\-‘ \

e Calibrating photo-z distributions through cross-
correlation with Lya forest

* Potential new cosmological analyses 0-
* Primordial non-Gaussianity with the Lya forest

« Cross-correlation with CMB lensing 1100 1200 1300 1400
Rest Frame Wavelength [A]

1500 1600

Credit: Deeti Patel
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* Access to the unabsorbed continuum could enable ~10-15% tighter constraints on the AP
parameter

* May be feasible with a method like LyCAN

* Will help the Lya forest distinguish between different dark energy models at high redshift — will
apply to DESI DR3

* LyCAN'’s preserved large-scale information may enable new cosmological analyses
lookback time [Gyr]
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