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COSMOPOWER

Spurio Mancini+ 2022

We introduce a suite of
neural cosmological power spectrum emulators
covering both CMB (temperature, polarization and lensing),
and large-scale structure power spectra
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Il PolyChord+CAMB, 48 cores, ~4 months
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COLLABORATIONS USING COSMOPOWER
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£ getting_started_with_cosmopower_NN.ipynb

httpS:lIgithub.Com/aleSSiOSpuriomancini/cosmopower File Edit View Insert Runtime Tools Help Changes will notbe saved

+ Code + Text 42 Copy to Drive

=R + COMPARING with CLASS

[ 1 k_modes = cp_nn.modes
cosmo = Class()

# Define your cosmology (what is not specified will be set to CLASS default parameters)
params = {'output': 'tCl mPk',
'z_max_pk': 5,
'P_k_max_1/Mpc': 10.,
'nonlinear_min_k_max': 100.,
'N_ncdm' : @,
> 'N_eff' : 3.046,
'omega_b': 0.0225,
EDS""DPDUJER 'omega_cdm': 0.113,
'h': 0.7,
MACHINE LEARNING-ACCELERATED e
BAYESIAN INFERENCE = e

# Set the parameters to the cosmological code

Author Alessio Spurio Mancini )| Installation’ pip install cosmopower cosmo.set(params)

cosmo. compute()

Overview - Documentation - Installation - Getting Started - Training - Trained Models - Likelihoods « Support - Citation o

spectrum_class = np.array([cosmo.pk(ki, z) for ki in k_modes])

pred = spectrum_cosmopower_NN
: : true = spectrum_class

plp 1nStall CosmOpOWQ r fig = plt.figure(figsize=(20,10))
plt.loglog(k_modes, true, 'red', linewidth=5, label = 'CLASS')
plt.loglog(k_modes, pred, 'blue', label = 'COSMOPOWER NN', linewidth=5, linestyle='—")
plt.xlabel('$k$ [Mpcs~{-1}]$', fontsize=20)
plt.ylabel('$P_{\mathrm{LIN}}(k) [\mathrm{Mpc}~31$', fontsize=20)
plt.legend(fontsize=20)

LQ () <matplotlib.legend.Legend at @x7f25dd360fdo>

import cosmopower as cp

= CLASS

# load pre-trained NN model: maps cosmological parameters to CMB TT log-C_ell = = COSMOPOWER NN

cp_nn = cp.cosmopower_NN(restore=True,
restore_filename="'/path/to/cosmopower'\
+'/cosmopower/trained_models/CP_paper/CMB/cmb_TT_NN')

104

# create a dict of cosmological parameters
params = {'omega_b': [0.0225],
‘omega_cdm': [0.113],

Pun(k)[Mpc3]
2

'h': [0.7],
'tau_reio': [0.055], 1o
'n_s': [0.96],
'1n10~{10}A_s': [3.07],
10°
}
# predictions (= forward pass through the network) —> 10~predictions 10
spectra = cp_nn.ten_to_predictions_np(params) 107 107 107 10 10 100 10

k [Mpc~1]




Dark Scattering

Interacting dark sector V,THy = J" <= V, Tz =—-J"

Inspired by Thomson scattering between electrons and photons

Interaction parameterized by free parameter Ags (related to cross section 0DS )

Pure momentum exchange between dark energy and dark matter

Details: Simpson 2010, Pourtsidou+ 2013




Matter power spectrum
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Depending on sign of interaction parameter A4, can get enhancement or suppression of matter power spectrum




ReACT: nonlinear massive neutrinos
and modified gravity

MG pseudo ACDM cosmology whose initial
PNL (ka z) — X PNL (k, Z) conditions are PMS(k, z) = PAPM(k, 2)

|-loop perturbation theory + halo model

Cataneo et al. 2019

Bose et al. 2021




ReACT: nonlinear massive neutrinos
and modified gravity

MG pseudo ACDM cosmology whose initial
PNL (ka z) — X PNL (k, Z) conditions are PMS(k, z) = PAPM(k, 2)

COSMOPOWER + ReACT

|-loop perturbation theory + halo model

Cataneo et al. 2019

Bose et al. 2021 karimpsi22/DS-emulators

Example speed-up: producing 1000 spectra takes 0.19s with emulator, 8.3h with original code



Kilo-Degree Survey (KiDS)

The Kilo-Degree Survey: KiDS-1000

We analyze the IV data release of the Kilo-Degree Survey (KiDS-1000, ~1000 deg?)




Emulation ~ 1 hour (24 CPU cores)
KiDS-1000 results |~ 5 days (24 CPU cores)

/\| ACDM model
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CONCLUSIONS

Dark Scattering offers promising alternative to solve 0g tension

Developed REACT nonlinear predictions including baryon feedback, ready for Stage IV analyses

COSMOPOWER emulation accelerates analysis by orders of magnitude

Ongoing work: forecasts for Stage IV galaxy surveys

(::’ alessiospuriomancini/cosmopower
GitHub karimpsiz2/DS-emulators

alessio.spuriomancini@rhul.ac.uk




