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JAX-COSMO LIBRARY*
Cosmological library…

Cosmology as PyTree structure

arxiv:2302.05163 (2023), OJAp, 6, 15*) JEC, F. Lanusse, J. Zuntz et al

jax-cosmo @ github
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ü automatic differentiation
ü Just in time compilation
ü Vectorization on single & multi devices
ü Same code for CPU & GPU/TPU

https://arxiv.org/abs/2302.05163
https://github.com/DifferentiableUniverseInitiative/jax_cosmo


JAX-COSMO LIBRARY

Currently: light implementation

Ø Follow CCL's tracer 
mechanism

Ø Unit tested against CCL
ØP(k) (Eisenstein-Hu, Halofit), 
ØCls (Lensing including NLA, 

multiplicative bias, number counts) 
Ø Limber approximation

CCL: Core Cosmology Library, https://ccl.readthedocs.io; Nora Elisa Chisari et al 2019 ApJS 242 2

Idea: change the present P(k) by an emulator
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X = 

<latexit sha1_base64="PFC2LVf9S4MVwHla/OIlfi8V4/E="></latexit>

Q̃(k, z) :=
Pnl(k, z)

Pnl(k, 0)
� 1

<latexit sha1_base64="EJyDU+9O7ashAQrjizt6lCKk1Cw="></latexit>

D̃(k, z) :=
Plin(k, z)

Plin(k, 0)

<latexit sha1_base64="tAvPxAE796pcxdnsWRpmzOldmtk="></latexit>

{Plin(k, z = 0), Pnl(k, z = 0), D̃(k, z), Q̃(k, z)}

RBF Matern12

y(✓) = �(✓)� + GP(0,K(a, {`}))

<latexit sha1_base64="3mPhiw/9sQv2VflfIx89pdltkFc="></latexit>

yXij

<latexit sha1_base64="RtOizKE2SAHbhA3n35t92I/4nwQ="></latexit>

�(✓) = {1, ✓, ✓2}

<latexit sha1_base64="gF6aCB22gY/Z/kqxpi/RRAmqlYE="></latexit>

(ki,zj) log-lin grid of 120x20 pts
One GP with polynomial mean per (i,j)

Model hyper-param

↵X
ij = (�, a, {`})Xij

<latexit sha1_base64="1+v9smH88O8UOgmvKASp0rW+T2o="></latexit>

Different from original schema

Max. of marginal likelihood with b gaussian prior (Scipy/L-BFGS-B)

yXij (✓⇤; ↵̂
X
ij )

<latexit sha1_base64="pLBywFPWifJNlxQB1M6qQPD558o="></latexit>

Interpolation from he ij-grid

q : Cosmo param. 103 Training on a Latin Hypercube

From original work of CLASS emulator : Mootoovaloo et al (2022), arXiv:2105.02256 A&C, 38, 100508 4

https://arxiv.org/abs/2105.02256


Pk linear

Pk non-linear (halofit)

Vectorization (Wc)

Autodiff & vectorization
Interface with jax-cosmo Cosmology

@ O(1%) level the differences are not visible

Jacobian
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h= 0.7
Wc = 0.4
Wb = 0.045
s8 = 0.75
ns = 0.95

6CCL vs Jax-Cosmo with Jemu



SUMMARY   
üCosmo Parameters

• Wc h2 : [0.06, 0.40] 
• Wb h2 : [0.019, 0.026] 
• s8: [0.25, 3.25]
• ns: [0.7, 1.3]
• h : [0.64, 0.82]

üredshift in [0, ≲ 3], k in [5 10-4, ≲ 20] h/Mpc 
ü|DPk/Pk| ≈ 1%  (nb. More the above ranges are squeezed more the accuracy gets better)
üCoded in JAX with interface with jax-cosmo* (see CosmoPower-JAX** for similar 

aspects and use)

*: Jemu Github

See the project for a JAX standardisation of CLASS 
emulator interface 
Zelos @ DifferentiableUniverseInitiative

**: D. Piras &A. Spurio Mancini arXiv:2305.06347 

7

Here the settings used for test but it is user-case dependant

3 neutrino,  Mtot=0.06eV, T_ncdm: 0.71611, N_ur: 0.00641

https://github.com/jecampagne/Jemu
https://github.com/DifferentiableUniverseInitiative/zelos
https://arxiv.org/abs/2305.06347

