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Massless Neutrino Massive Neutrinos
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PARTICLE EXPERIMENT COSMOLOGY
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Next “Unsolved Problems”
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4 Simons Observatory
The South Pole Telescope (SPT)
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Excluded by

oscillation
experiments
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- Adding future CMB data from LiteBIRD (0.02¢V sensitivity)

Adding future galaxy data from PFS

Early+late universe, present data

/ Y Early universe-only
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Normal Inverted
Im > 0.06 eV Im >0.1eV

0.02 eV sensitivity
= Discovery

Neutrino Mass Mass Hierarchy

£m, > 0.1eV Discovery No

£m, < 0.1eV Maybe Discovery




Challenge 1: Optical Depth to Reionization t
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Currently limited by Planck’s t
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Optical Depth to Reionization, ©

LAMBDA - September 2018




Better v . from LiteBIRD (in 10 years)
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Before LiteBIRD: Potential in Beyond-2pt Statistics
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Requires significant improvement
in theoretical modeling of
nonlinear structure growth with
numerical simulations.

Adrian Bayer
Bayer+(JL) 2021



Challenge 2: Baryons




Baryonic Feedback

[llustris Simulation



Like neutrinos, baryons also suppress the matter clustering
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Already, we are limited by baryon models
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Current baryon models focus mainly on halos. Here we examine
the effect on filaments, walls, and voids.

James Sunseri

Sunseri, Li, JL (in prep)
Using the lllustrisTNG simulations



Baryons affects the cosmic web beyond halos
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Challenge 3: Correlated CMB x LSS simulations
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Correlated Slmulatlon Challenges, : j

Assumlng 1000 S|mulat|ons*

1 Optical'-CMB‘con'nections.
AGN-Radio galaxies; SFR-CIB
Adding other observables (21cm, LIM, x-ray)?

2. Computing time: ~half billion CPU hours

Large memory need: quarter million cores simultaneously

3. Storage: ~10-100s PB
Raw: 500TB/run; aggressive downsampling needed->100TB per run

4, Cross-collaboration collaboration -
Currently opetate as a lose collaboration between people Whoare deeply. embeded in DESI/LSST/SO/S4
Futyre access to‘multiple surveys’internal plpellnes & [Sroprletary data for futtre:upgrades: N> MOUs??
Tralnlng and acknowledging S|mulat|on scientists ‘
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* Avery conservative assumption..
Also see "Report from the Tri-Agency Cosmological Simulation Ta:’k Force" by BattagI|a+2020
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Neutrino Mass Mass Hierarchy

¥m, > 0.1eV Discovery No

£m, < 0.1eV Maybe Discovery

[SUMMARY]

(Almost guaranteed) discovery of neutrino mass or hierarchy in 10 years
New potential in the nonlinear regime, before LiteBIRD's tau (10 yrs)
Baryon models need to be improved beyond halos and 2pt
Correlated simulations face computational challenges (also opportunities!)



