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Combining

● Assessing emulator 
accuracy

● Differentiating CMB / 
BAO emulators

○ auto-diff. with 
JAX

○ finite difference
● Fisher information 

work

Fisher information

● Learning theory 
background: CMB 
analysis, particle 
physics, information 
theory, machine 
learning, CAMB…

● Python pipeline for 
forecasting using a 
noise model with CMB 
emulators

Emulator

● 5 CMB emulators
○ lensed/unlensed 

TT+EE
○ lensing potential

● 18 BAO emulators
○ 18 redshift bins 

for DESI
● Cosmopower neural 

network / principal 
component analysis
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Emulator Training
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Fisher information for CMB-S4
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Preliminary constraints 

Lensing ɸɸ
from CAMB Model +
S4-Wide noise model +
finite difference
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Preliminary constraints

BAO
from 18 emulators +
DESI noise models +
JAX autodiff

JAX Autodiff, Raghunathan & Omori (2023)

https://jax.readthedocs.io/en/latest/notebooks/autodiff_cookbook.html
https://arxiv.org/pdf/2304.09166


Lensing - CMB-S4

Preliminary constraints on neutrino mass



Preliminary constraints

TT+TE+EE 
from SPT High-Accuracy Model +
S4 145GHz noise model +  
JAX autodiff
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