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Du Cartésien au spherique
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Angpow: a software for the fast computation of accurate tomographic
power spectra arXiv:1701.03592 A&A, 602, A72.

A direct method to compute the galaxy count angular correlation function including
redshift-space distortions arXiv:1703.02818 ApJ, 845, 28.




e N T !
m RN KePz=0)

.................................................................

625(6,2,)

6 (deg)

6(9, Y4 Zz) - <.A(Zl s Ql )A(ZZa QQ))Icos &,y=cos 6



Galaxy number count
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— Density — Potential (ou « relativistic corr. »)
— RSD (Kaiser)
~~~ Doppler Si pas dévolution en ft de la Luminosité:
lensing s(z) =f,,(z) =0

Ex. C. Bonvin R. Durrer (2011), Di Dio Montarini Lesgourgues Durrer (2016)
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Legendre polynomial w4 & w,,, moment studies

Ex. Montanari, F. & Durrer, R. 2012, Phys. Rev. D, 8¢



Spherlcal Harmonic - Bessel
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Angpow
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Selection function
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Calcul de |,: |L dk fe(k; z;) fe(ks; 25)
= No Limber approximation -

= Clenshaw-Curtis Quadrature
« 3C-algo » = Fast Chebyshev polynomials multiplication .
' » |ntensive use of DCT-I (FFTW)




3C-algo
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Clenshaw-Curtis quadrature

icc: i X, = coS km/N,,
I~ ) wif(x)gxi) = )  wih(xy)
£y PSR T LT (e 20, Ne).

But for highly oscillatory functions Ncc could be very large




3C-algo
Chebyshev polynomials
In(x) = e Z a Ty(x). Ti(cosx) = cos(kx).

> i t(N) = cos(um/N); H= 0,...,.N
a(N) — NCIIV f(N) q_a(N) — (ao, .. aN_l,O)
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Discrete Cosine Transform of type | (ie. FFTW)




If 2 functions f & g
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Un peu de détails implementation

C++ classes
Integrand dans angpow_integrand.h (IntegrandBase)
PowerSpecFile dans angpow_powerspec.h (PowerSpecBase)
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op(k,z) = b je(kr(z))  En fait le biais peut étre b(k,z)
Srsa(k, 2) = f2(2) j (kr(2))

Ex. From C. Bonvin arxiv:1409.2224 (2014) Eq38
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Lensing n’était pas dans notre papier a A&A Ici Limber approx.




Un peu de details implémentation

Ne—1 Ny Ny,
Co™(z1,22) = Z ZWinW(Zi,Zl)W(Zj,Zz)Ic(kp,kp+1;Zi,Zj)-
p=0 i=0 j=0

1) Les petits w sont des poids de quadratures 1 dim : ex.
trapeze, gauss-legendre,...

2) Les grands W sont des fonctions « fenétres/sélections »
voir les classes RadSelectBase et celles dans
angpow_radial.h (Dirac, Gauss, Top-Hat et une version en
lisant un fichier externe)



Outlook

In fact the 3C integration algorithm may be used elsewhere
and | have generalized the decomposition (CheAlgo,
CheFunc C++ classes) in case some is interested.

Chebyshev Transf
(Sampling+DCT-I)

Inv. Chebyshev Trans
(Resize + DCT-I)

Element wize product
+ normalisation



Thanks




Test Angpow < CLASSqal

C‘(z, \Z5) (AngpowlCLASSgal) Gaussian selection
H g *° o,=0.01

x10°6 . ox10°7.

* Orange points for
negative correlations

Di Dio et al. (2016)
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Computation times in second

Linux/i
" Test 1 038 0. 1 : :
Test 2 076 041 023 015 0.11
Test 3 372 196 105 064 044
Test 4 997 525 279 160 1.0l
Linux/gece
"~ Test 1 056 030 0.17 0.12 0.09
Test 2 1.14 060 033 020 0.14
Test 3 501 259 138 081 050
Test 4 13.80 7.07 371 212 127

U time = O(1s) allows further developments with CAMEL (S P) Cam
ith CCL (DESC) (J N)




Testing Limber approximation

Two Gaussian windows z,=1.0 and z,=1.0, 1.01, 1.06, 1.10 (g, = 0.01)
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Fourier (Cartesian)

Kaiser Doppler-like
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Closed form (1)

g1

r, [Tripolar spherical harmonics using invariance
wrt rotation of the triangle {0,g94,9,}.

R(ry,ry,0) = \/rf + 13 = 2ryrycos 0

¢, = arcsin(r, /R sin 6) Flat universe
¢2=¢; + 0 = arcsin(r; /R sin0)
(21,22, 41, ¢2) =G(21)G(22) Q
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Closed form (1)
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Closed form (2)

arXiv:1703.02818 ApJ, 845, 28.
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Dens-Kaiser Kaiser?
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Closed form (2)
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Extensions (2)

0
-

ax,-

LenS| ng (Bonvin & Durrer 2011; Montanari & Durrer 2015)
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Extensions (2)
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Numerical integration over thick shells
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Angpow-like 3C algorithm
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