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SDSS Collaboration 
2106.13725

Euclid

Desjacques et al 1611.09787 

SPHEREx
SKA
Karagiannis et al 1801.09280 and 1911.03964
Doré et al. 1412.4872

Planck Collaboration
1807.06209 

Inflation

Primordial

Single-field:

Primordial Non-Gaussianity
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effects

1995 Matsubara (9510137) 
1997 Matarrese (9707278) 
2006 Bartolo, (0512481) 
2010 Bartolo et al (1002.3759) 
2015 Villa and Rampf (1505.04782)
2016 Tram et al (1602.05933)
2021 Adamek et al (2110.11249)
… and many more 
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MonofonIC (MUSIC2):
https://bitbucket.org/ohahn/monofonic/src/master/

Michaux, Hahn, Rampf, Angulo, 2008.09588 

 A relativistic hack 
https://bitbucket.org/tomamtd/monofonic/src/relic/

● N-body/Poisson gauge (CLASS)

● Linear and quadratic growth factor solver (ODE) 

● Eulerian perturbation theory up to second-order

● De-aliasing
● MPI+OpenMP/threads

● Only CDM

https://bitbucket.org/ohahn/monofonic/src/master/
https://bitbucket.org/tomamtd/monofonic/src/relic/
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Pairing method

MonofonIC

2016 Angulo and Pontzen (1603.05253) 
Santiago Avila’s talk
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Planck: 99% of the information with 50 bins!
2015 Bucher et al 1509.08107
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● Conclusion

● Local primordial non-Gaussianity and relativistic effects are 
degenerated

○ We must initialize N-body simulations at second-order

● Relativistic/Newtonian pipeline 
○ Relativistic perturbation theory with MonofonIC
○ Discrete LPT with gevolution
○ Non-linear Raytracing

● Bispectrum estimator
○ First application of the CMB binned bispectrum 

estimator 
○ Compare Newtonian/Relativistic
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Thank you !
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MonofonIC (MUSIC2): 
https://bitbucket.org/ohahn/monofonic/src/master/
Michaux, Hahn, Rampf, Angulo, 2008.09588 

● Synchronous gauge (CLASS)

● Linear growth factor solver (ODE) 

● Lagrangian perturbation theory up to third-order

● De-aliasing

● MPI+OpenMP/threads

● CDM+Baryon NL isocurvature modes 

Aliasing?

finite resolution Nyquist, FT periodic

 De-Aliasing: Orszag’s 
3/2 rule (Orszag 1971)

https://bitbucket.org/ohahn/monofonic/src/master/


Tram et al 1602.05933 

Initial conditions
Second-order Einstein-Boltzmann system 

1995 Matsubara (9510137) 
1997 Matarrese, Mollerach, Bruni (9707278) 
2006 Bartolo, Matarrese, Riotto (0512481) 
2010 Bartolo et al (1002.3759) 
2015 Villa and Rampf (1505.04782)
2016 Tram et al (1602.05933)
2021 Adamek et al (2110.11249)

… and many more 

SONG
Pettinari 

1405.2280
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