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KEY POINTS

1. Peculiarity of the Lyman-« forest in constraining the mass of
cosmological neutrinos

2. Novel suite of hydrodynamical simulations for the Lyman-c« forest
with massive neutrinos

3. Competitive constraints on neutrino mass and cosmological
parameters from current and future data (BOSS, eBOSS, DESI)
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1. Neutrino science SCIENCE
— Massive neutrinos in cosmology NEUTRINO

. g SIMULATIONS
— Linear evolution

— Power of Lyman-« forest
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2. Neutrino simulations

— General technique

— Pipeline, post-processing, products
3. Results and prospects

— Visualizations

— Matter power spectra and flux statistics
— Ongoing work with BOSS data

— Prospects for eBOSS and DESI
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- G. Rossi et al. (2014), A&A, arXiv: 1401.6464
- Palanque-Delabrouille et al. (2013), A&A, 559, A85
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BOUNDS ON NEUTRINO MASSES
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LABORATORY EXPERIMENTS The Ground-Based Stagé IV BAO Experiment NEUTRINO

SIMULATIONS

BigBOSS
RESULTS &
M, > 0.05eV @ A Y Al PROSPECTS

e Solar, atmospheric, reactors, accelerators —

e [3-decay —» M, < 2.2eV PanSTARRS
COSMOLOGY. FUTURE

CosmMOLOGY. Now (EXAMPLES, 95% CL)
e BOSS LyA + other probes —

e LyA— M, <0.9eV M, ~ 0.1eV
e WMAP9 — M, < 0.44eV e ACTPol + Planck —+ M,, ~ 0.07 eV
e WMAP7+LRG+Hg — M, < 0.44 eV e Planck + BOSS, LSST, DES —

M, ~ 0.06 eV

o WMAP7+ACT+BAO+Hy — M, < 0.39 eV

o WMAP7+WiggleZ+BAO+Hy — M,, < 0.29 eV

o WMAP7+MegaZ+BAO+SNIla+Hy — M, < 0.281 eV
e Planck+WP+highL+BAO — M,, < 0.23 eV

o WMAP3+SNe+GC+LyA — M,, < 0.17 eV Systematic offs_et betv_veer! estimates of the
matter PS obtained with different methods!

e Surveysin 2020 —+ M, ~ 0.03eV

WARNING

e Planck+Wigglez+BAO —+ M,, < 0.15 — 0.18 eV ?




NEUTRINO SCIENCE

EFFECTS OF NEUTRINO MASSES ON COSMOLOGY

NEUTRINO
COSMOLOGICAL EFFECTS SCIENCE
Rossi et al. (2014)
. . NEUTRINO
O (AR EGTENSEN EE EEY S ——— SIMULATIONS
e Change background evolution — PS effects L <k —oev BOSS Lya ]
rrimose RESULTS &
e Slow down growth of structures o = PROSPECTS
NEUTRINO FREESTREAMING 2 [ o
L

S |- z=4 (blue)

e After thermal decoupling — v as a o G
collisionless fluid 5; L
e Minimum free-steaming wavenumber knr [
sl M.—04 eV e
o —-- M=0. o~ -
OBSERVABLES AND TECHNIQUES "] —— M=08 eV W S—
o CMB anisotropies — PS, lensing H‘o‘.‘(‘)\m‘ . H“‘)‘j\m L ””6‘.‘1 L Hml L Hmi‘o
% [h Mpe-1]

e LSS probes

— Galaxy PS

— Cluster mass function
— Galaxy weak lensing
— Ly-« forest

— 21-cm surveys

Linear matter power spectra (ratios) with 3
degenerate species of massive neutrinos
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WHY THE LYA FOREST?
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LYA: ADVANTAGES NEUTRINO
SIMULATIONS
e Mildly nonlinear scales

i.e. — k[0.1 - 2] h/Mpc, [0.002 — 0.02] s/km
e High redshift (2 < z < 5)
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e Special role in probing free-streaming of
neutrinos on matter PS

e Evolution of v — signature with z
(scale-dependent suppression)

e Complementary and orthogonal to other probes

LYA: DIFFICULTIES

e Need numerical simulations with full hydro

e Complicated thermodynamical evolution if IGM LY-c: IMPORTANCE
e Star formation uncertain @ Probes the intergalactic medium at high-z
e Non-trivial frequency dependence @ Maps the primordial density fluctuations

e Systematics and other technical issues @ Synergy with other LSS probes
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METHODS, OBJECTIVES IMPROVEMENTS

NEUTRINO
MAIN GOAL — IMPROVING ONVIEL ET AL. (2010) SCIENCE
“Reaching an accuracy below 1% level at scales relevant for the Ly« forest or weak lensing data will be
challenging, but should be doable and will be an important step in turning the exciting prospect of an
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actual measurement of neutrino masses into reality" RESULTS &
PROSPECTS

SANITY CHECKS

SIMULATING MASSIVE NEUTRINOS e Convergence and resolution tests

e Neutrinos included as a new type of particle e Best-guessvs. M, = 0.01eV

e Short-range gravitational tree force for
neutrinos not computed

1.01

NOVEL FEATURES

e 2LPTICs+ CAMB

e Planck cosmological parameters

Pus-001 ov/Pi-0 ov

e Splicing technique — higher resolution

e Updated prescriptions for radiative cooling
and heating processes

2
@
s

L L L
0.005 0.01 0.015 0.02
k [km/s]
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PIPELINE AND POST-PROCESSING
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TECHNICAL DETAILS NEUTRINO
SIMULATIONS
e Curie thin node architecture
RESULTS &
e 5040 B510 bullx nodes PROSPECTS
neutrinos e For each node — 2 eight-core Intel
processors Sandy Bridge EP (E5-2680) 2.7
GHz, 64 GB

e 10080 eight-core processors, Intel Xeon
Next Generation, total of 80640 cores

o 768 particles, 25 — 100 h~*Mpc, 80 khrs
e Extraction of 100,000 LOS/snapshot/sim.

SIMULATIONS SHOWN HERE

o DM+GAS+NEUTRINOS

o 192 particles per type

e 25h~1Mpc, M, =0.1,0.4,0.8eV
e ICs— 2LPTatz = 30
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PRODUCTS
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A suite of 48 hydrodynamical simulations with massive neutrinos
NEUTRINO
@ Typical set (3 sims.) — (a) 100 h—1Mpc/768%, (b) 25 h—Mpc/768%, (c) 25 h~Mpc/1923 SIMULATIONS

RESULTS &

5 - " q —1 3
With splicing technigue — equivalent of 100 h ~*Mpc /3072 PROSPECTS

o
@ Full snapshots at a given redshift (z = 4.6 — 2.2, Az = 0.2)
o

100,000 quasar sightlines per redshift interval per simulation

Group Il
Group |
= = Simulation Set M, [eV]
Simulation Set M, [eV] ~-NUO08 a/b/c 0.8
BG a/b/c 0 Ho+NUO8 a/b/c 0.8
NUBG a/b/c 0.01 ns+NUO8 a/blc 0.8
NUO1 a/b/c 0.1 Qm+NU08 a/b/c 0.8
NUO1-norm a/b/c 0.1 og+NU08 a/b/c 0.8
NUO02 a/b/c 0.2 Tp-+NU08 a/bic 0.8
NUO3 a/b/c 0.3
NUO04 a/b/c 0.4
NUO4-norm a/b/c 0.4
NUO8 a/b/c 0.8 ° :
NUO8-norm a/blc 08 Group | — Best-guess and neutrino runs

o Group Il — Cross-terms
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VISUALIZATIONS: GAS, DM, NEUTRINOS

: NEUTRINO
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VISUALIZATIONS: GAS, DM, NEUTRINOS
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VISUALIZATIONS: GAS, DM, NEUTRINOS
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VISUALIZATIONS
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VISUALIZATIONS: GAS, DM, NEUTRINOS
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VISUALIZATIONS: NEUTRINO EVOLUTION

SN GE RINETN T,

| S S —

SCEseRe T Re ]

I
|
.
|
J

\

:‘L_____ ¥

S P

— TS
g = - * log density

NEUTRINO
SCIENCE

NEUTRINO
SIMULATIONS

RESULTS &
PROSPECTS



RESULTS & PROSPECTS

VISUALIZATIONS: GAS PROPERTIES
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Internal Energy Rossi et al. (2014)
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3D MATTER POWER SPECTRUM

IMPACT ON MATTERPS K > knr ) NN
0 Massive neutrinos do not cluster NEUTRINO
g Zgq OF baryon-to-CDM ratio affected SIMULATIONS

e Growth rate of CDM perturbations reduced RESULTS &

PROSPECTS

Rossi et al. (2014), see also Bird et al. (2012) and Viel et al. (2010)
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3D MATTER POWER SPECTRUM

NEUTRINO
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Rossi et al. (2014) -
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FLUX STATISTICS
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1D POWER SPECTRUM: METHODS AND FITS

NEUTRINO
N. Palanque-Delabrouille et al. (2013) SCIENCE

NEUTRINO
SIMULATIONS

R e
[ Fourier Transform

RESULTS &
PROSPECTS

P(K)*kimt

L T T —— I
G002 0004 000 0008 0.01 0012 00m 0016 008 00

K (kmis)*

o222

& [[& sos £ qle e

2 Lo sossem L fleeo

S [l sossuieino & |o =28

& =30 e

100 ; 1070 =32 v

. =34 e

lo 236

sCowa

L. :/‘ / —

K (kmis)* K Gamisy?




RESULTS & PROSPECTS

ONGOING WORK: BOSSAPPLICATIONS

CONSTRAINING THE NEUTRINO MASS WITH THELY FOREST

Modeling of the 1D PS with massive neutrinos required to
constrain v-mass and cosmological parameters

Combine this modeling with measurements from BOSS
Combine this modeling with other probes (CMB, LSS)
Multidimensional likelihood analysis (as in Viel et al. 2006, 2010)
Uncertainties estimates from simulations

Orthogonality of the Ly« forest

BROADER APPLICATIONS

3D modeling of the Ly« forest
Cross-correlations between different probes
Particle physics related topics
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PROSPECTS FORBOSSAND DESI

il / {
0SS + eBOSS quasar abso

eBOSS
0 Range of redshifts currently left
unexplored by other 3D maps of LSS

Largest volume survey of the Universe
to date

e Combination with SPIDERS X-ray
selected sample of quasars, and TDSS

DESI, BucLID, WFIRST, HETDEX

0 Font-Ribera et al. (2013) — DESI Fisher
matrix projections — >~ m,, at 0.02 eV level

e Levi et al. (2013) — DESI 1% level
measurements of distance scale in 35 z-bins
— unprecedented constraints on
cosmological models
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MAIN MESSAGES& ONGOING WORK

1. Peculiarity of the Lyman-« forest in constraining neutrino mass
2. Novel suite of hydrodynamical simulations
3. BOSS applications and potential for future surveys

Stringent constraints on the neutrino mass and on cosmological
parameters (upcoming)

Great potential, especially for Ly« forest science

Dark Matter
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