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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.  
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4 Ex. C. Bonvin R. Durrer (2011), Di Dio Montarini Lesgourgues Durrer (2016) 

→ 

Si pas dévolution en ft de la Luminosité: 
s(z) = fevo(z) = 0 

Density 
RSD (Kaiser)  
Doppler  
lensing  

Potential (ou « relativistic corr. ») 
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+… 

Densité fluc. RSD - Kayser RSD – Doppler like 

magnification 

Legendre polynomial µk1 & µk2, moment studies 

Ex. Montanari, F. & Durrer, R. 2012, Phys. Rev. D, 86, 063503 

Kayser Doppler 
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Spherical Harmonic - Bessel 
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Density Doppler-like Kaiser 

Sph. Bessel 

… … 

+ Magnification... 



Angpow 
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Calcul de Il :  
!  No Limber approximation 
!  Clenshaw-Curtis Quadrature 
!  Fast Chebyshev polynomials multiplication  
!  Intensive use of DCT-I (FFTW) 
!  C++/OpenMP https://gitlab.in2p3.fr/campagne/AngPow 

« 3C-algo » 

Selection function 



3C-algo 
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Clenshaw-Curtis quadrature 

But for highly oscillatory functions Ncc could be very large 



3C-algo 
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Discrete Cosine Transform of type I (ie. FFTW) 

Chebyshev polynomials 



10 DCT-I 

If 2 functions f & g  

Ncc ~ N+M 

Clenshaw-Curtis wieights 

h = fxg sampling 

DCT-I inverse 

f sampling g sampling 

Element wise product 



Un peu de détails implémentation 
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En fait le biais peut être b(k,z) 

Lensing n’était pas dans notre papier à A&A 

C++ classes 
Integrand dans angpow_integrand.h (IntegrandBase) 
PowerSpecFile dans angpow_powerspec.h (PowerSpecBase) 

Ici Limber approx. 

Ex. From C. Bonvin arxiv:1409.2224 (2014) Eq38  



Un peu de détails implémentation 
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1)  Les petits w sont des poids de quadratures 1 dim : ex. 
trapèze, gauss-legendre,... 

 
2) Les grands W sont des fonctions « fenêtres/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 I have generalized the decomposition (CheAlgo, 
CheFunc C++ classes) in case some is interested. 
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f0 f1 f2 fn 

Chebyshev Transf 
(Sampling+DCT-I) 

c0 c1 c2 cn 

Inv. Chebyshev Trans 
(Resize + DCT-I) 

d0 d1 d2 dn 

Element wize product 
+ normalisation 

Result 

.... 

.... 

.... 



Thanks 
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Test Angpow ↔︎ CLASSgal 
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CPU time ≈ O(1s) allows further developments with CAMEL (S.P) Campow 
Interface with CCL (DESC) (J.N) 

Di Dio et al. (2016) 
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Fourier (Cartesian) 
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Kaiser Doppler-like 

Here set b(z)=1 for simplicity 



Closed form (1) 
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Tripolar spherical harmonics using invariance 
wrt rotation of the triangle {0,g1,g2}. 

g1 
g2 

Flat universe 

(Matsubara et al. 2000; Szapudi 2004; Papai & Szapudi 
2008; Bertacca et al. 2012; Montanari & Durrer 2012)  

ξ(θ,z1,z2) 



Closed form (1) 
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e.g. here only Kaiser terms 
But Doppler-like terms available 

0 



Closed form (2) 
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dens2 Dens-Kaiser Kaiser2 

Addition theorem 

 arXiv:1703.02818 ApJ, 845, 28.  



Closed form (2) 
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The closed forms (1) & (2) 
agree point-to-point 



Extensions (2) 
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V.n terms (e.g. Doppler) A 

Lensing (Bonvin & Durrer 2011; Montanari & Durrer 2015) 

Laplacian op. 



Extensions (2) 
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Numerical integration over thick shells 

Angpow-like 3C algorithm 
Chebyshev Clenshaw Curtis 



σz = 0.01

z1=1 
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