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LUTH Meeting

Meeting with the theoretical/numerical cosmology team at LUTH on April 10th

 Laboratory Universe and Theories (LUTH) at the Paris-Meudon Observatory (OBSPM)
 Discussions during the entire day
 ⇒ Yann Rasera: expert in cosmological simulations
 ⇒ Inigo Saez Casares: PhD student on cosmological emulators
 + during lunch with Pier-Stefano Corasaniti: expert in cosmostatistics

2 main topics discussed

 History and foundations of the mass function
 Cosmological emulators to reproduce the mass function (+ demo)
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Spherical collapse metric

⇒ We consider a spherical perturbation of radius 𝑟𝑟

⇒ Birkhoff's theorem: it can be treated as a local Universe

⇒ Spherical FLRW metric dominated by matter

1
𝑎𝑎
𝑑𝑑𝑎𝑎
𝑑𝑑𝑑𝑑

= 𝐻𝐻0 Ω𝑀𝑀𝑎𝑎−3 + 1 − Ω𝑀𝑀 𝑎𝑎−2

"Closed Einstein-de-Sitter" metric



LAPP – LSST Group Meeting – 2024/04/30 Vincent Reverdy & Narei Lorenzo Martinez – LUTH Meeting Recap 4

Spherical collapse as a closed Universe



LAPP – LSST Group Meeting – 2024/04/30 Vincent Reverdy & Narei Lorenzo Martinez – LUTH Meeting Recap 5

Spherical collapse scenario

⇒ Scenario: will expand first and then collapse
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Spherical collapse perturbation

⇒ Perturbative approach for the density

𝛿𝛿𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡−𝑎𝑎𝑡𝑡𝑎𝑎𝑡𝑡𝑡𝑡𝑎𝑎 =
3

20
6𝜋𝜋 2/3 ≈ 1.06

𝛿𝛿𝑐𝑐𝑎𝑎𝑐𝑐𝑐𝑐𝑎𝑎𝑐𝑐𝑐𝑐𝑐𝑐 =
3

20
12𝜋𝜋 2/3 ≈ 1.686

𝛿𝛿 =
𝜌𝜌 − �̅�𝜌
�̅�𝜌𝜌𝜌 = �̅�𝜌 1 + 𝛿𝛿 Δ =

𝜌𝜌
�̅�𝜌

= 1 + 𝛿𝛿
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Virialization

⇒ In practice it does not collapse back to 𝑟𝑟 = 0

⇒ Virialization takes place (virial equilibrium)

𝐸𝐸 = 𝑈𝑈 + 𝐾𝐾 𝑈𝑈 = −2𝐾𝐾

𝑟𝑟𝑣𝑣𝑣𝑣𝑡𝑡 =
1
2
𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡−𝑎𝑎𝑡𝑡𝑎𝑎𝑡𝑡𝑡𝑡𝑎𝑎

Δ𝑣𝑣𝑣𝑣𝑡𝑡 = 1 + 𝛿𝛿𝑣𝑣𝑣𝑣𝑡𝑡 = 18𝜋𝜋2 ≈ 177.65 ≈ 178
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Halo mass function: Press-Schechter formalism (1974)

⇒ Regions where the local density contrast is such that
 𝛿𝛿 > 𝛿𝛿𝑐𝑐 ≈ 1.686 collapse and evolve in virialized halos
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𝑑𝑑𝑀𝑀

𝑒𝑒−
𝛿𝛿𝑐𝑐2
2𝜎𝜎2𝜎𝜎2 𝑀𝑀 =

1
2𝜋𝜋 3 �𝑑𝑑𝑑𝑑 �𝑊𝑊 𝑑𝑑𝑘𝑘 2𝑃𝑃𝑚𝑚𝐿𝐿 𝑑𝑑



LAPP – LSST Group Meeting – 2024/04/30 Vincent Reverdy & Narei Lorenzo Martinez – LUTH Meeting Recap 9

Halo mass function: generalization

⇒ Generalization of the mass function through a multiplicity
function 𝑓𝑓 𝜎𝜎

𝑑𝑑𝑑𝑑
𝑑𝑑𝑀𝑀

= 𝑓𝑓 𝜎𝜎
�̅�𝜌
𝑀𝑀
𝑑𝑑 ln𝜎𝜎−1

𝑑𝑑𝑀𝑀
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Halo model: NFW profile (1996)

𝜌𝜌 𝑟𝑟 = 𝜌𝜌𝑆𝑆
𝑟𝑟
𝑟𝑟𝑆𝑆

1+ 𝑟𝑟
𝑟𝑟𝑆𝑆

2 𝑀𝑀 = ∫0
𝑅𝑅𝑚𝑚𝑚𝑚𝑚𝑚 4𝜋𝜋𝑟𝑟2𝜌𝜌 𝑟𝑟 𝑑𝑑𝑟𝑟 = 4𝜋𝜋𝜌𝜌𝑆𝑆𝑟𝑟𝑆𝑆3 ln 𝑡𝑡𝑆𝑆+𝑅𝑅𝑚𝑚𝑚𝑚𝑚𝑚

𝑡𝑡𝑠𝑠
− 𝑅𝑅𝑚𝑚𝑚𝑚𝑚𝑚

𝑡𝑡𝑆𝑆+𝑅𝑅𝑚𝑚𝑚𝑚𝑚𝑚
 

𝑘𝑘𝑣𝑣𝑣𝑣𝑡𝑡 = 𝑐𝑐𝑟𝑟𝑆𝑆 : with 𝑐𝑐 the concentration parameter

𝑘𝑘Δ → 𝑀𝑀Δ : Radius such that �̅�𝜌 = Δ × 𝜌𝜌𝐶𝐶

⇒ NFW (Navarro–Frenk–White) profile: fitted on simulations!

Δ =
𝜌𝜌
𝜌𝜌𝑐𝑐

: Overdensity
𝑘𝑘200 → 𝑀𝑀200 : Radius such that �̅�𝜌 = 200𝜌𝜌𝐶𝐶

𝜌𝜌𝑐𝑐 = 3𝐻𝐻2

8𝜋𝜋𝜋𝜋
 : Critical density𝑘𝑘500 → 𝑀𝑀500 : Radius such that �̅�𝜌 = 500𝜌𝜌𝐶𝐶

𝑘𝑘1000 → 𝑀𝑀1000 : Radius such that �̅�𝜌 = 1000𝜌𝜌𝐶𝐶

lim
𝑅𝑅𝑚𝑚𝑚𝑚𝑚𝑚→+∞

𝑀𝑀 = +∞ : Divergence ⇒ Where to stop?
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Halo model: visualization
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Halo model: sparsity

𝑠𝑠Δ𝑖𝑖,Δ𝑗𝑗 =
𝑀𝑀Δ𝑖𝑖
𝑀𝑀Δ𝑗𝑗
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Halo model: detection

⇒ Spherical Overdensity (SOD) [parameter: Δ]

⇒ Friend-of-Friend (FoF) [linking length: b]

[𝑏𝑏 = 0.2] ∼ [Δ = 200] ∼ [Δ𝑣𝑣𝑣𝑣𝑡𝑡 = 178]
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Key questions

⇒ Mass functions obtained through simulation fit depends 
on mass definition (choice of algorithm)

⇒ Mass function universality?
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