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BAHAMAS project,  PI Ian McCarthy

BAHAMAS project  
(BAryons and HAloes of MAssive Systems)

Credit: I.G. McCarthy

Cosmological hydrodynamical simulations
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Credit: https://www.mpa.mpa-garching.mpg.de/galform/virgo/millennium 

N-body simulation, only dark matter particles

to add baryons 

Hydrodynamics

More complicated physics, codes, 
computational resources, time, etc
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density contrast

Fourier transform

h�̃(k)�̃(k0)i = (2⇡)3�D(k+ k0)P (k)

Power spectrum
Information about the amplitudes of the modes of the density field

2-point correlation function 

Probability of finding 2 particles within 

2 infinitesimal volume elements at distance r12
dV1

dV2
r12

�(x) =
⇢(x)� ⇢̄

⇢̄

h�x1�x2i = ⇠(r12)
Power spectrum



Power spectrum
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Gaussian field Non-Gaussian field

Credit: Cole and Chiang, 2000

Same  
power spectrum

P (k) ⇠ h| �̃(k) |2i losing phase information



Bispectrum

3-point correlation function

k1
k3

k2

8

dV1

dV2

r12

dV3 r23

r31

h�̃(k1)�̃(k2)�̃(k3)i = (2⇡)3�D(k1 + k2 + k3)B(k1,k2,k3)

h�x1�x2�x3i = ⇠(r12, r23, r31)
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BAHAMAS project,  PI Ian McCarthy

Original

Bispectrum studies

Credit: I.G. McCarthy
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BAHAMAS project,  PI Ian McCarthy

Credit: Foreman S., Coulton W., Villaescusa-Navarro F., Barreira A., 2020,  
           MNRAS, 498, 2887
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The BAHAMAS project:  
The halo bispectrum as a sensitive probe of massive 

neutrinos and baryon physics

• Halo bispectrum 
• Variety of simulations (different cosmology, 

neutrino and AGN feedback models) 
• Haloes+subhaloes  / haloes only/ subhaloes only 
• Unmatched & matched haloes 
• Modified  BSKIT code, Foreman et al., 2020
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The BAHAMAS project:  
The halo bispectrum as a sensitive probe of massive 

neutrinos and baryon physics

V.Yankelevich at al, arXiv:2202.07680 
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Conclusions
• Baryonic effects on the halo bispectrum 
• Bispectrum is more sensitive than power spectrum 
• Test for different cosmology, neutrino and AGN 

feedback models 
• Removing degeneracy between massive neutrinos 

and baryon physics

Future plans
• BAHAMAS-XL and FLAMINGO



Thank you!
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I am at the job market, so if you want to 
do bispectrum -  just drop me an email


