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MASSIUVE NEUTREBINOS
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Neutrino Oscillation
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Neutrino Mass Hierarchy
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Fermion Masses
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Particle Experiments: Tritium beta decay
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Current Constraints (95% CL)
Minimum mass: 0.06 eV (Normal), 0.1 eV (Inverted)

Particle experimen

TroitsK beto decoy Flonck CME, CME Lensing, B A0
m, <2 eV rm_ <0.12 eV
KATRIN projection: 0.2 eV LSST+DESI+CMB-S4 forecast: 0.03 eV
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MASSTUE COSMIC NEUTRINOS
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Structure Formation

Cosmic Microwave Background: Large Scale Structure Today:
Extremely Gaussian Field Highly Nonlinear




Massive Cosmic Neutrinos
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Massive Cosmic Neutrinos
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Massive Cosmic Neutrinos
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Massive Cosmic Neutrinos

Free streant out of pm‘en%/a,( wells




Large Scale Structure

Stondord Model of OoSMolqj)/ Massive Neutrinos

Katrin Heitmann



NONLINEAR COSMOLOLY
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Two Point Correlation Function
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P(h 3 Mpc?)

Nonlinear Matter Power Spectrum
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Vér wors

The nonlinear power spectrum is still insufficient...

(/16)(7“, O demonstrotion with the Villenniunt simulotion)



Smoothing Scale = 50 Mpc

Millennium simulation, Springel et al. 2005
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Smoothing Scale = 20 Mpc

Millennium simulation, Springel et al. 2005
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Smoothing Scale = 5 Mpc

Millennium simulation, Springel et al. 2005
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Smoothing Scale = 1 Mpc

Millennium simulation, Springel et al. 2005
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Smoothing Scale = 0 Mpc

Millennium simulation, Springel et al. 2005
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Origin of non-Gaussianity
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Origin of non-Gaussianity

Density

[llustration: Emmanuel Schaan
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=MEASS=S-EFVEEEN-USS

cosMoLocicAlL MASSTIUVE NEUTRINO SIMULATIONS
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101 cosmological models
capturing the full nonlinear evolution
in massive neutrino cosmologies

Data Fully Public .
—> (CMB & galaxy lensing maps
> Halo catalogues

=> Merger trees

=> Snapshots

Available @ Columbial.ensing.org
Hosted @ SkiesAndUniverses.org

Code:

Gadget-2

10243 DM particles
512Mpc/h box

+ Kspace-neutrino
+ LensTools

+ Rockstar

+ Consistent Tree



https://arxiv.org/abs/1711.10524
http://columbialensing.org/#massivenus
http://skiesanduniverses.org/

Future Surveys

SIMONS

OBSERVATORY

Large Synoptic Survey Telescope
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Two Point Correlation Function
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w0 Point Correlation Function
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Weak Lensing Bispectrum
Coulton, JL, Madhavacheril, Boehm, Spergel 2018
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Weak Lensing Bispectrum
Coulton, JL, Madhavacheril, Boehm, Spergel 2018

Qo

Assuming LSST like noise, dn/dz

— —— Power spectrum
—— Bispectrum
—— Joint
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Weak Lensing 3pt Function (CFHTLenS)

Fu+2014

flat ACDM
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Weak Lensing Peak Counts

Li, JL, Zorrilla, Coulton 2018
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Weak Lensing Peak Counts

Li, JL, Zorrilla, Coulton 2018
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number of peaks in DES footprint

number of peaks in DES footprint
subtracted number of random peaks

w
o
o
o

2500}

2000}

1500

1000+

5001

100}

Peak Counts on Data
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DES (left): Kacprzak+2016
KiDS-450 (bottom): Martinet+2017

Also see:

CFHTLenS: Liu+2015
CS82: Liu X.+2015
KiDS-450: Shan+2017
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Cosmic Voids
Kreisch, Pisani, Carbone, [L+ 2018
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Summory

One

Massive neutrinos suppress the growth of structure

=M=ASS=S=EVEEENEUSS: public data from
Cosmological massive neutrino simulations

Three

Rich information in the nonlinear density field:
e9. bispectram, peak counts, voids..




