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e 1960s: isotropic tfemperature of 2.7 K

CMB
= Big Bang origin
e 1990s: anisotropic at §T/T ~ 10=°
= correlation on all scales
e 2010s: observation show Gaussian fluctuations
= support model of inflation
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Solve numericall
Y ——

£8S e e EBS-code CLASS:
Cyp=4r | —=03(k)Pr (k) @ thermal/homo.
J Kk cosmology ~ O(0.1s)
@ lin. Einstein-Boltzmann
: — transfer function ©7 equation ~ O(20s)
Ve — prim. power spectrum Pz = obtain Sy
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Solve numericall
Y ——

£BS e e EBS-code CLASS:
Cyp=4r | —=03(k)Pr (k) @ thermal/homo.
J Kk cosmology ~ O(0.1s)
@ lin. Einstein-Boltzmann

: — transfer function ©?2 equation ~ O(20s)

e — prim. power spectrum Pr = obtain St

Speecup : . : @® calc. line-of-sight
¢ line-of-sight infegral:

integral ~ O(5s)

10
OF (k) = / dnSt(k,n)ji(k(n —no)) = inference: O(10%) calls

Tini

. = accelerate bottleneck!
— source functions St
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STO - STO.ISVV + ST(),roco + STo,rcio
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Source function Sy,

RISl (Ccc: predict source functions (6 in total)
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e untangle different physically effects:

Sty = ST, 1sW + STp,reco + STy reio

St —K / / 2\/ 2\/
=e€ 2¢ + Greco * (FO A O) 2 (grecoeb/k ) aF Greio * (FO a4 é) aF (greioeb/k7 )
~—
[N1] [N2] N3]
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S Lo
pee g, O .
20 10 1 10 0.0010
10! 0.05 10! 10!
— 10 10 2 0.0005
£10 000 107 o 107 0.0000
Z 102 Z 102 Z102] W
D X
10-3 005 103 109 0.0005
10-4 10-4 —4 1071 —0.0010
10 10 10° 10! 10° 101

7[Mpc] 7[Mpc] 7[Mpc]
4/10




CosmicNet Il
13.09.2022

Sven Gunther

Networks

Accuracy
MCMC
Speedup

Network ideas

Conceptional ideas:

e found DNN preference over CNN



~=m  Network ideas

CosmicNet Il
13.09.2022

: Conceptional ideas:
Sven Gunther
e found DNN preference over CNN
¢ small and shallow networks (7 in fotal):
— 2-4 layers, 50-300 nodes
ot — network prediction of analytical approximation

MCMC
Speedup




CosmicNet Il
13.09.2022

Sven Gunther

Networks

Accuracy
MCMC
Speedup

Network ideas

Conceptional ideas:

e found DNN preference over CNN
¢ small and shallow networks (7 in fotal):

— 2-4 layers, 50-300 nodes

— network prediction of analytical approximation
® input:

— parameters of cosmology

H(h Qbh?a thzy Rreio, (ANeffa Qk7 Quh27 wo, wa)
— additional derived quantities

D(T)a 9(7—)7 gl(T)v Treios Trecos 671‘;(7)



~=m  Network ideas

CosmicNet Il

1909 2022 Conceptional ideas:
Sven Gunther

e found DNN preference over CNN
¢ small and shallow networks (7 in fotal):
— 2-4 layers, 50-300 nodes
— network prediction of analytical approximation

Networks .
® input:
— parameters of cosmology
Accurac y
gﬁp(;z;p H07 Qbh/za thzy Rreios (ANeffa Qk7 Quh27 Wo, wa)

— additional derived quantities

D(T)a 9(7—)7 gl (T), Treios Trecos 671‘;(7)

¢ use analytical (Hu & Eisenstein) approximation

= use understanding of the underlying physics to allow
for small and fast network designs
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e | HS sample 10.000 training cosmologies in & o
hypersphere around best-fit model
— ensures sufficient domain coverage
— considerably less samples than MCMC sampling
¢ frain for 30-40 epochs (network dependent)

Training
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Accuracy ic Variance
Prediction accuracy T T
ool
q n ~ — [Cl5u
e residual of the source function below e

e accuracy on CMB temperature power
spectrum well above cosmic variance
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Il ClassFull
Performance within MCMC B ClassNet
¢ overhaul agreement in @
constraints v
e less than 0.1% of sampled - @ @
points outside validation .
domain @ @
e small visible bias on ng of 0.140 "
= applicable in parameter o @ Q
inference
= investigate on parameter biases £’ / @
> 1 2 6‘]:‘\
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Achievable Speedup

runtime in pert module [%]
ot
o

Speedup

B ClosoNet e removed major bottleneck

e minor speedup ~ 3 for CMB
power spectra
— limited by line-of-sight
integral

* major speedup O(50) for
maftter power spectrum

1 2 4 8 12 16
number of threads

= removed EBS as bottleneck for matter power spectrum
= further investigation to accelerate l.o.s. integral
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Conclusion

In this paper

v use small networks and cosmological intuition to predict source
functions

v' remove solving of the lin. Einstein-Boltzmmann equation as
bottleneck

v reproduce parameter inference with NN emulation

In the future

e accelerate the line-of-sight integral
e share frained networks for varieties of cosmologies
¢ investigate on biases and training process
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