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Overview

1. Lyman-alpha forest overview and Science objective.

2. Methodology and data.

3. On going work on cosmological inference.



Introduction to Lyman-alpha Forest
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Lyman-alpha forest
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Open questions in the standard model

• What is the total mass and mass 

hierarchy of neutrinos?

• Δ𝑚21
2 = 7.50 × 10−5 eV  (Solar)

• |Δ𝑚31
2 | = 2.5 × 10−3 eV  (Atmospheric)
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Normal ordering
∑𝑚𝜈 ≥ 0.06 eV

Inverted ordering
∑𝑚𝜈 ≥ 0.1 eV

Image credit: Rasmi E. Hajjar Muñoz

Flavor eigenstates



Massive neutrinos suppress structure at small scales
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Set by CMB



Dark matter (warm)

• Suppress structure formation.

• Free streaming prevents clustering.
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The spectrograph resolution power
determines the minimum line separation.
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Typical spectra is further limited by the noise level 
of our observations.

Naim Göksel Karaçaylı

9



Use optimal estimators for best performance

• Maximum likelihood (ℒ) / Minimum variance estimator:

2ℒ 𝑃(𝑘) 𝒅 = 𝒅T𝐂−1𝒅 + ln 𝐂

where 𝒅 (data vector) is the stack of all spectra.

• This is a weighted average in which the correlations between the data vector is 
taken into account through inverse-covariance weighting.

Pros: Minimum error bars + Robust against gaps + Mode marginalization.

Cons: None anymore. Used to take long to calculate.

• DESI DR1 has over 300,000 Lya quasars. This is 1.7 times larger than its 
predecessor (eBOSS).
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Recalibration of the pipeline
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Noise calibration
error

Flux calibration
error

Amplifier boundaries
on our CCDs



Some of these amplifiers have bad regions
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• This is a zero image: nothing is shining on it.

• Quasi-periodic signal due to “electronics”.

• I attempted sweeping through them. 
Becomes impractical really fast.



Solution: Only cross-correlate spectra from 
different spectrographs

• DESI will observe the same quasar 4-8 times.

• We can optimally cross-correlate exposures.

• Detector specific defects should average out to zero.

• Future: Make this the baseline for future DESI data.
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The most precise P1D measurement to date

We are systematics dominated



• Need to model gas physics well at these scales.

• Typical analysis: 

 Simulations + Emulators (fancy interpolation)
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Cosmology is also difficult



Cosmology is also difficult

• Need to model gas physics well at these scales.

• Typical analysis: 

 Simulations + Emulators (fancy interpolation)

• New methods based on perturbation theory (EFT).

• More agnostic. Does not depend on simulation details.

• Too many nuisance parameters (13).

• Need strong priors.
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Ivanov, Toomey and Karaçaylı
Phys.Rev.Lett. 134 (2025)

∑𝑚𝜈 < 0.08 eV at 95% CL



• Rogers and Poulin (2025) : 5 sigma 

tension between Planck CMB and 

eBOSS Lyman-alpha.

• DESI and eBOSS consistently 

disagree at large scales. The tension 

needs to be revisited.

• Is it gone? Did it get worse? Stay 

tuned!

eBOSS difference and tension with Planck



BACKUP



The ugly
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