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LARGE SCALE STRUCTURE SURVEYS: WHY WE NEED SIMULATIONS

» Non-linear regime of structure collapse
» Bayesian data analysis:

P(DI|6, M) P(6|M) @ parameters
P(D[M) D data

M model

P(O|D, M) =

]

P(D|9,M) X exp (; Z (Dz — DM)CO”Ui_jl(Dj — DM))

» Models need simulations to calibrate/validate

» Galaxy mock catalogues to understand observational
systematics



COSMOLOGICAL SIMULATIONS: COMPUTATIONAL COST
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Flagship used the entire supercomputer, at the time in the top
10 in computing power



COSMOLOGICAL SIMULATIONS: COMPUTATIONAL COST

» 40 Billion halos, 5.5 Tb o A Qnly for halos in the LC!
/ @ N

» With no observational c‘ Q'Q[ %ate into 20 Tb and 60
Billion galaxies, each with more ™A 200 properties



COSMOLOGICAL SIMULATIONS: COMPUTATIONAL COST

Q nly for halos in the LC!

» With no observational c‘ Q'Q[ zate into 20 Tb and 60
Billion galaxies, each with more ™A 200 properties

» 40 Billion halos, 5.5 Tb 0 A

» Required a paradigm shift:

» Challenging for standard relational databases = big data
platform

» Set of python codes optimised to work on this platform



NUMERICAL SYSTEMATICS
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APPROXIMATE METHODS FOR COVARIANCE ESTIMATION
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» Sample covariance estimator
(k1 ky) = — Nsﬁ-k P(k)|[Pi(k2) — P(k
cov(ky, ka) = Ns—lz[ i(k1) — P(k1)]|Pi(k2) — P(k2)]

1=1

» Additional error on parameters coming from covariance error

» Need a few 1000s simulations to reduce this error to
acceptable levels for future surveys

» Not possible with full N-body simulations (too costly)



APPROXIMATE METHODS FOR COVARIANCE ESTIMATION

» Benchmark: Minerva simulations
» 300 realisations
> Liuox=1.5 Gpc/h
» m,=2.67x1011 My/h
» Approximate methods: matching ICs

» Measurements: 2-pt correlation function multipoles and
wedges, power spectrum multipoles, bispectrum real space
and monopole

> Propagate errors to cosmological parameters through
likelihood analysis



COMPARED METHODS

» One fast PM method: ICE-COLA
» Two predictive methods: Pinocchio, PeakPatch
» Two calibrated methods: Patchy, Halogen

» Two density PDF assumptions: Gaussian, Lognormal
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COMPARED METHODS

» One fast PM method: ICE-COLA
» Two predictive methods: Pinocchio, PeakPatch
» Two calibrated methods: Patchy, Halogen

» Two density PDF assumptions: Gaussian, Lognormal
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COMPARED METHODS

» One fast PM method: ICE-COLA
» Two predictive methods: Pinocchio, PeakPatch
» Two calibrated methods: Patchy, Halogen

» Two density PDF assumptions: Gaussian, Lognormal

Field
transformation

Collapse
model

Poisson
sampling



Method

Computational
requirements

Mock characteristics

Minerva (N-body)

4500 hours(/2)
660 Gb

Gadget (treePM)
10003 particles

ICE-COLA

66 hours(/2)
340 Gb

10003 particles
(3x1000)3 PM grid

Pinocchio

6.4 hours
256 Gb

10003 particles

PeakPatch

1.72 hours*
75 Gb*

10003 particles

Halogen

0.6 hours
44 Gb

7683 particles
3003 grid

Patchy

0.2 hours
15 Gb

5003 particl
5003 erid

Lognormal

0.1 hours
5.6 Gb

2563 grid

* do not resolves smaller mass halos




SAMPLES
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Halo samples at z=1

Method Nhalos (RPMpc™3)  Mpin (R~ Mg)

Sample 1
N-body 2.130 x 10~4 1.121 x 1013 :

r k:

ICE-COLA 2.123 x 10~4 1.086 x 1013 From Euclid redboo
PINOCCHIO 2.148 x 10~4 1.044 x 1013 23 h3 Mpe-3
HALOGEN 2.138 x 104 1.121 x 1013 1.81 X 10 pc
Lognormal 2.131 x 10~4 1.121 x 1013
PATCHY 2.129 x 10~4 1.121 x 1013

Sample 2
N-body 5.441 x 10~° 2.670 x 1013
ICE-COLA 5.455 x 10~° 2.767 x 1013
PINOCCHIO 5.478 x 10~° 2.631 x 1013
HALOGEN 5.393 x 10792 2.670 x 1013
Lognormal 5.441 x 10~° 2.670 x 1013
PATCHY 5.440 x 10792 2.670 x 1013

PEAKPATCH 5.439 x 10—° 2.355 x 1013



APPROXIMATE METHODS FOR COVARIANCE ESTIMATION
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APPROXIMATE METHODS FOR COVARIANCE ESTIMATION
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APPROXIMATE METHODS FOR COVARIANCE ESTIMATION
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Sample 2 :

PeakPatch Gaussian
LogNormal
005 010 015 020

Colavincenzo et al. arxiv:1806.09499



CONCLUSIONS

» Simulations are fundamental for LSS analysis
» Computational cost is the main limiting factor
» Simulations have systematics

» Approximate methods look promising to estimate covariances



FOOD FOR THOUGHTS

» How to secure computing time for yet another (thousands)
LCDM simulation

» Cosmological simulations should be in the budget of
cosmological surveys!

» Many upcoming surveys with similar goals: sharing
simulation data?

» Need more interactions with software engineers



