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The need for approximate methods

REQUIREMENTS




Approximate methods

* Avoid solving the most expensive part of a numerical PG PRC %
simulation Vo I AU o -
" >

|.  Run a cheap evolution of the density field

1. »{ EZmocks, HALOGEN)

|dentify collapsed regions as halos (COLA,
PINNOCHIO, PTHalos)



COLA is a cheap N-body

* Sample discretely the phase space by point-like particles

N-body COLA

e Estimate forces

* Integrate equation Aty A T = TLPT + Tres
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Comparison with other approximate methods

PROS

v’ Large scale dynamics is exact

v’ Accuracy at small scales is adjustable

v’ 2-3 orders of magnitude faster than conventional N-body simulations
v The dark matter field is available

CONS

¢ Large memory consumption
*** Not as fast as fast methods using biasing prescriptions
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Limitations of 10 time steps

* Halo formation is not accurately captured before 10 time steps

Halo abundance
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Number of time steps

Matter power spectrum
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Size of t

he force mesh

Halo abundance
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Optimal set-up for weak lensing covariances

Matter power spectrum
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The challenge of simulating weak lensing

* Weak lensing samples:

* Large volumes

e The matter distribution at

small scales

Matter angular power spectrum
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Light cone geometry

Maps for the convergence (colors)

and shear (white ticks) fields
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Convergence
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summary

* The dark matter density field can be modeled down to non-linear
scales with COLA.

* Trade-off between computational cost (# time steps) and accuracy at
small scales.

* Weak lensing applications are possible, in particular for covariance
matrices.



Extra slides...



residual displacement
residual acceleration

Particle-Mesh

Temporal operators

D(CLZ', ai+1) .

K(ai—l—l/za CL7;+3/2) :

Complete evolution

Transform to 2LPT
observer

Lres (t) = :B(t) — LLPT (t)

afa;res(t) = —V(I)(t) — 8fa:LpT(t)

k*¢(k) = 4nGp(k)

S(CLZ') —> S(CLH_l) = S(ai) -+ ’U(CLZ'_|_1/2)A?5

+ [D1(aiv1) — D1(ai)]s1 + [D2(ai+1) — Da(a;)]s2

’U(a,7;+1/2) = v<az’+3/2) - U(az’+1/2) + At x

(_%Vcb(am) — 9si(t) - aZSQ(t)) |
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How to optimally distribute 40 time steps
between the initial conditions and z=07?

Matter power spectrum
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First guess: initial scale factor equal to the step width

Matter power spectrum
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Halo clustering

Halo bias is recovered
within ~2% without
applying any correction

th, COLA / th, MICE-GC

Halo-matter cross-power spectrum
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