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How do we learn the most from upcoming galaxy

surveys?
Make as few assumptions as possible in modelling.
Make use of all available data, including the non-linear scales.

Combine data sets, for example lensing and clustering data.

How we achieve this ...
Have a validated, comprehensive model for the observables.

Model is very fast to compute and is capable of surveying > 5D
parameter space.

Models for the different observables are unified in some trusted
theoretical framework.
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How good is modelling currently for P(k) in LCDM?
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Rough 1%-accuracy regime Euclid :
Limax = 5000 and zource = 1.5 = Xpeak = 1000 = kpax ~ 5!
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Can we even think of going beyond that assumption?

Reaction approach to model non-standard, non-linear physics
PI(k; 2) = R(k; z) x PR (k; z)

Ppscudo

o (k;z): accurate LCDM spectrum with modified dynamics in linear

clustering only - our 'black box' - Ex.Halofit, Emulator.
R(k; z): Ansatz based on halo model and perturbation theory.
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Can we even think of going beyond that assumption?

Reaction approach to model non-standard, non-linear physics
PI(k; 2) = R(k; z) x PR (k; z)

Ppscudo

o (k;z): accurate LCDM spectrum with modified dynamics in linear

clustering only - our 'black box' - Ex.Halofit, Emulator.
R(k; z): Ansatz based on halo model and perturbation theory.

Can be applied to a host of non-standard physics: Modified gravity,
dark energy, neutrinos ...
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Reactions for non-standard theories, example f(R)
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@ Have a validated, comprehensive model for the observables. v/

@ Model is fast to compute and is capable of surveying > 5D.
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How we achieve this ...
@ Have a validated, comprehensive model for the observables. v/

@ Model is fast to compute and is capable of surveying > 5D.

= Development of ReACT - code for the non-linear P(k).
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How we achieve this ...
O Have a for the observables. v/
© Model is to compute and is capable of surveying > 5D.

=
@ Very fast computation of general non-linear P(k) with ~ 0.03s/k .
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How we achieve this ...
O Have a for the observables. v/
© Model is to compute and is capable of surveying > 5D.

=
@ Very fast computation of general non-linear P(k) with ~ 0.03s/k .
@ Implemented in cosmoSIS - Currently in testing phase.

@ Specific theories coded in (f(R), DGP, evolving DE) - Working on
general parametrisation (ex.EFTofDE)

We can start by testing on the

Ben Bose ReACT and HyPk February 4, 2020 6/15



0.051
<
(=]

0.045

f(R) tested on LCDM mock data, Gaussian covariance with SIV-like specs

le—9

" 2.2 + - .
e N 72
2.0t -
—7.0
& —7.5 St
sol -y
0.840
& 0.832 . .
0.824 ‘ ‘* T ‘#
0.248 0.256 0.264 0.045 0.051 2.0 2.2 —7.0 6.824 D.‘VBBZ "76.840
Qc Qp s Os
=] F
Ben Bose ReACT and HyPk

Dac

7/15

February 4, 2020



How we achieve this ...
O Have a for the observables. v/
© Model is to compute and is capable of surveying > 5D. v/

© Models for the different observables are in some trusted
theoretical framework.
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Can we incorporate clustering observables :

Perturbative approaches dominate the market: TNS + variants, EFTofLSS.
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Perturbative approaches dominate the market: TNS + variants, EFTofLSS.

Problems with perturbative approaches:
Severely restricted range of scales < 0.4h/Mpc.
Poor convergence of loop expansion.
Slow to calculate in general theories of gravity.

Not unified with lensing’s non-linear P(k).

Nuisance parameters are common.
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Streaming-model-based approach
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Streaming-model-based approach

PS(kei) = [ [ €5(s.pa)e ) s, 1)
14 €5(s.10) = [ 1+ EONP(s ez, o)
where ) ~
=55 / K2R P3P (kY jo(kr)dk .
™ Jo
Q &(r): approach for modified gravity and dark energy.
© via(r, 1) and 02,(r, 1) : 1-loop SPT, various theoretical non-linear
prescriptions or approach .

© P assumed to be Gaussian, but more sophisticated forms have been
shown to achieve higher accuracy.

We test assuming Gaussian PDF and 1-loop PT predictions for moments,
Ben Bose ReACT and HyPk February 4, 2020 10/15
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Summary for ReACT -Pyy,(k)
@ General, accurate and fast computations of halo-model reactions, R.
being performed in f(R).

@ Long road from theory to data analysis is almost done - 6D MCMC
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Summary for ReACT -Pyy,(k)

@ General, accurate and fast computations of halo-model reactions, R.

@ Long road from theory to data analysis is almost done - 6D MCMC
being performed in f(R).

@ Currently working on extension to the matter bispectrum.
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Summary for ReACT -Pyy (k)

@ General, accurate and fast computations of halo-model reactions, R.

@ Long road from theory to data analysis is almost done - 6D MCMC
being performed in f(R).

@ Currently working on extension to the matter bispectrum.

Summary for HyPk -Pg, (k, 11)
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Summary for ReACT -Pyy (k)

@ General, accurate and fast computations of halo-model reactions, R.

@ Long road from theory to data analysis is almost done - 6D MCMC
being performed in f(R).

@ Currently working on extension to the matter bispectrum.

Summary for HyPk -Pg, (k, 11)

o Competitive with current perturbative models.
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Summary for ReACT -Pyy (k)

@ General, accurate and fast computations of halo-model reactions, R.

@ Long road from theory to data analysis is almost done - 6D MCMC
being performed in f(R).

@ Currently working on extension to the matter bispectrum.

Summary for HyPk -Pg, (k, 11)
o Competitive with current perturbative models.
@ High synergy with ReACT.
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Summary for ReACT -Pyy (k)

General, accurate and fast computations of halo-model reactions, R.

Long road from theory to data analysis is almost done - 6D MCMC
being performed in f(R).

Currently working on extension to the matter bispectrum.

Summary for HyPk -Pg, (k, 11)
Competitive with current perturbative models.
High synergy with ReACT.

Potential for joint pipeline for lensing and clustering with consistent
P(k) using ReACT.
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“What about bias?”

-quite a few people
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Lensing: The Need for Non-Linear

Roughly for Euclid [remember Roman's talk]:

(2)
fmax = 5000 and Zyurce = 1.5 = Xpeak = 1000 = kpax ~ 5!
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Lensing: The Need for Non-Linear

)
Roughly for Euclid [remember Roman's talk]:

fmax = 5000 and Zyurce = 1.5 = Xpeak = 1000 = kpax ~ 5!

e Emulators: Fast, accurate but gravity/dark energy specific.
@ Halo-fit or similar : Fast, accurate but again specific.
o Halo-model : Fast, general but not so accurate.

So can we combine these methods somehow?
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