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Outline and motivation 

● Need for accurate Lyman-alpha forest modelling at the field level at coarse resolutions for 

fast large-volume mock lightcones generation

● Several efforts to do it: analytical, calibrated methods, machine learning

● Goal: expand and improve upon a widely-used analytical approximation (FGPA)

● We introduce further terms accounting for non-local bias

● We fit the free parameters of our model using a cosmological hydrodynamic simulation

● We assess the performance by testing the predicted summary statistics



The Lyman-alpha forest 

The Lyman-alpha forest efficiently traces the matter distribution at z>1.8



T-web classification and non-local bias 

Credits: F. Sinigaglia/MIGHTEE/HSC

Hahn et al. (2007)

Kitaura et al. (2022)



FGPA in real and redshift space 

Tight relation between 
temperature and matter density

After some algebra, one can write the Fluctuating 
Gunn–Peterson approximation (FGPA)

Mapping from real to redshift space



Beyond the FGPA: non-local FGPA 

1) Addition of a boosting 
and a damping terms

3) Add stochasticity to model small-scale power

2) Make the model cosmic 
web dependent

4) Fit model parameters via 
an efficient MCMC scheme 



Results: Ly-alpha forest flux slices  

Our model visually resembles much more accurately the reference simulation 

Reference simulation: 500 Mpc/h box size, 10243 particles, detailed galaxy 
formation physics, ~2 Mpc/h cell size mesh resolution  



Results: PDF, power spectrum and cross-correlation 

Our model outperforms the other tested models 
in the one- and two.point statistics 



Results: reduced bispectrum

Our model improves the 

other tested models in 

reproducing the 

three-point statistics and 

captures peculiar features 

which other models fail to 

replicate 



Summary & conclusions

● Devised a method to predict the Lyman-alpha forest expanding upon the FGPA

● We explicitly modelled non-local bias & a damping and a boosting term

● The summary statistics predicted by our model outperforms the standard FGPA

● Currently being used to study BAO prediction, coming soon!

● Our model can be used to generate fast mock Lyman-alpha forest lightcones, to perform 

reconstruction, and to quickly simulate the Lyman-alpha forest to study 3D correlations


