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Focus: Neutrinos, Dark Radiation, WDM 
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Main Highlights 
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Overall Strategy 
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Outline 

¤  Neutrino Cosmology in a Nutshell 

¤  Novel Hydro Simulations 

¤  Neutrinos, High-z Web, Ly𝛼 Forest  

¤  Dark Sector: Constraints & Potential 

¤  Summary & Outlook 
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KEY REFERENCES 
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NEUTRINO COSMOLOGY  
IN A NUTSHELL 
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LCDM Still Holds but … 
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Still Tensions …. 
Massive Neutrinos ? 
Beyond the Standard Model 
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PLANCK 2018  
(Planck Coll. 2018 - VI)  



Lyman-𝛼 Forest Asset 
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Neutrinos: Peculiar Leptons, Everywhere 
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Courtesy A. Bravar  

Focus here à Cosmological Neutrinos  



Neutrinos: Formalism 
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Massive Neutrinos & Cosmology 
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Absolute Neutrino Mass 
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Neutrino Mass Hierarchy 
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Current Bounds 
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NOVEL HYDRO SIMULATIONS 
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Upgraded Simulation Suite 
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, Rossi (2018),  Rossi in prep. 
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Products 
(1) Full cubes at o.2 snapshots in z, from z=5.0 to z=2.0 in intervals of 0.2 
(2) LyA skewers à 288 million, for the same z, 100,000 LOS per sims  
(3) Particle samples over the same redshifts and cosmologies 



Visualization: Gas Properties 
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G. Rossi (2018, 2019) 



Simulations with Dark Radiation (1) 
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Rossi et al. (2015) 



Simulations with Dark Radiation (2) 
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Rossi (2018, 2019) 
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NEUTRINOS, HIGH-z WEB,  
Ly𝜶 FOREST 
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Characteristic Linear Scales 
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G. Rossi (2018) 



Linear Evolution 
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G. Rossi (2017) 

Linear evolution per component 



Neutrinos & NL 3D Total Matter PS 
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G. Rossi (2017, 2019) 



Spoon-Like Effect on NL 3D Matter PS 
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G. Rossi (2017) 



Massive Neutrinos: Relevant NL Scales  
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G. Rossi (2017) 



Halo Model Interpretations 
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G. Rossi (2017) 



Flux Statistics  
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G. Rossi (2017, 2019) 



IGM Physics: Impact 
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G. Rossi (2017, 2019) 
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DARK SECTOR:  
CONSTRAINTS & POTENTIAL 
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Constraints: General Strategy 
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Ly𝛼 Likelihood Construction  
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Constraints: Examples 
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Rossi et al. (2015) 



Ongoing: eBOSS Applications 
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Zhao et al. (2016) 
Dawson et al. (2016) 
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SUMMARY & OUTLOOK 
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Key Results & Outlook 
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