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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

¤ Introductory Background

¤ Novel Hydro Simulations

¤ Neutrinos, High-z Web, Ly! Forest 

¤ Techniques for Neutrino Constraints

¤ SDSS Constraints & Potential

¤ Summary & Outlook
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INTRODUCTORY BACKGROUND
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Base LCDM
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PLANCK 2018 
(Planck Coll. 2018 - VI) 



LCDM Still Holds but …
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Still Tensions ….
and … Massive Neutrinos ?
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PLANCK 2018 
(Planck Coll. 2018 - VI) 



Large-Scale Computing
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Image Credit: Katrin Heitmann

• Data interpretation driven 
by simulations

• Simulations driven by 
underlying science goals

• No cosmology without 
large-scale computing

• Challenges: larger volumes, 
higher resolution,  big data

• Simulating tracers: `an art’
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Lyman-! 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)
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Cosmologies with Massive Neutrinos (1)
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Cosmologies with Massive Neutrinos (2)
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Gas Properties (1)
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G. Rossi (2017)



Gas Properties (2)
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G. Rossi (2018)



Constructing Ly! Skewers
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NEUTRINOS, HIGH-z WEB, Ly! Forest
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Linear Evolution (1)
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G. Rossi (2017)



Linear Evolution (2)
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G. Rossi (2017)

Linear evolution per component



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



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 (1)
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G. Rossi (2017)



Flux Statistics (2)
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G. Rossi (2017)



Flux Statistics (3)
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G. Rossi (2017)



IGM Physics: Impact
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G. Rossi (2017)
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TECHNIQUES FOR NEUTRINO 
CONSTRAINTS
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Constraints: General Strategy
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DR: Proxy for Ly! Forest
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Simulations with Dark Radiation (1)
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Rossi et al. (2015)



Simulations with Dark Radiation (2)
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Rossi (2018)



Sensitivity to Neff
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Analysis Techniques
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SDSS CONSTRAINTS & POTENTIAL
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SDSS-IV: eBOSS DR14 QSOs
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ASTRONOMERS MAKE THE 
LARGEST MAP OF THE 
UNIVERSE YET
Astronomers with the Sloan 
Digital Sky Survey (SDSS) 
have created the first map of 
the Universe based entirely on 
quasars, the incredibly bright 
and distant points of light 
powered by supermassive 
black holes.
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Sloan Digital Sky Survey (SDSS)
major multi-filter imaging and 
spectroscopic redshift survey 
using a 2.5-m wide-angle optical 
telescope at Apache Point 
Observatory in New Mexico, USA



DR14 QSOs Results
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Laurent et al. (2018)
Rodriguez-Torres et al. (2018)
Ata et al. (2018)
Gil-Marin et al. (2018)
Zarrouk et al. (2018)

Zhao et al. (2018)
Wang et al. (2018)
Ruggeri et al. (2018)
Hou et al. (2018)
Zhu et al. (2018)



Ly! Alone
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Combinations (Frequentist)
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Combinations (Bayesian)
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Final Joint Constraints
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eBOSS Forecasts: Examples
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Zhao et al. (2016)
Dawson et al. (2016)
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Ly! Forest Cosmology @ Sejong
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Young Bae Lee –
Master Thesis

Main Goals
• Measure 1D PS from latest SDSS data

DR14 & DR14 QSO CATALOG
• Cumulative and re-release of all previous data

• First data release from eBOSS

• 500 eBOSS new plates cover ~ 2480deg*

• DR14 catalog contains 526,356 QSOs 

• including 144,046 new discoveries

• Over 500,000 QSOs in the range 0.9 < z < 2.2

• Over 50,000 new Lyα forest QSOs at z > 2.1

DATA SELECTION
• From DR14Q, we select Lyα forest QSOs based on redshift & quality

• Apply quality cuts to the spectra − R< 85 km/s & S/N > 3, 4, 6, 8
• Define Lyα forest range 1050 < ;<= < 1180Å
• Lyα forest spans a redshift range Δz ~ 0.4 to 0.6
• Split forest into subregions to improve redshift resolution Δz < 0.2, DE– GHIJKLG′

Abolfathi et al. 2018
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Future & Outlook
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Key Results & Outlook
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Particle Physics Implications
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G. Rossi (2018)

Signal out of reach for next 
generation experiments?
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