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Neutrino Masses
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Sterile Neutrino DM
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Sterile Neutrino DM
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Matter Power Spectrum (3D)
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Matter Power Spectrum (10)
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Roadmap

Neutrino Masses in Cosmology

The Ly-o Forest Observable

Hydrodynamics Simulations

some Interesting Results ...



Lyman-alpha Forest
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Lyman-alpha Forest
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Lyman-alpha Forest
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Lyman-alpha Forest
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Lyman-alpha Forest
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Fourier <F> flux fraction
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Lyman-alpha Forest
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Flux Power Spectrum

AL(k) = Py(k) X k /=

| —
=
[a—

[E—
=
SV]

Palanque-Delabrouille et al.,, 2013 A&A 559 A85

O—0—0—

DR | + T:
i fé%zﬁﬂ%

ot
igiitﬁ¥§:£$gggo ol $$ i
*$*§ 088888000 2 88%8000c00 ¢
2002 @8828800882880200000820028 6
OOOO@OOOO ©o0 X ........ ’: ‘$
¢ 000002... ::3...8000000.“‘ : o
I HIET sootrseenselss 48
R
® N oo ..
Sogasels
: : .Y./. P (k) = |(S(k)|2 B Pnoise (k)
. @@ Lya Wz(k)
Iof
N 0.005 0.010 0015
k/skm™!

0.020

~

4.4

4.2

14.0

13.8

13.6

13.4

13.2

3.0

2.8

2.6

24

2.2

15
30
44
VAl
178
375
563
1,080
2,097
2,012
3,407
3,435

Baur Julien

Lya Forest Constraints: Neutrino Masses & WDM



Roadmap

Neutrino Masses in Cosmology

The Ly-a Forest Observable

Hydrodynamics Simulations

some Interesting Results ...



Hydro Simulations
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Parameters |
P2+ P1+P2+
L o
parameter | central — range
Zm, eV | viess +04+40.8 | A-CDMv only P1— best guess  p1+ p
__________________________ ® o— D1
keV | m, 0.0 +02404 | A-WDM only
h 0.675 +0.05
Q, 031 005 pa-
o
o, 083  +0.05 Eosmology
s YSs +0.05 2" order Taylor expansion
A 12 +4 i
reio Intergalactic
TOZ=3 /K | 14,000 +7,000 Medium
— p Tl
y 13 =203 (F)=e
A’ 0.0025 +0.0020 fixing UV photoionization rate
n' 3.7 +0.4 Optical Depth

[Teff=ATX (1+z)"T]
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Splicing the Power Spectrum
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Lyo. Power Spectrum (1D0)
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Nuissance Parameters

Palanque-Delabrouille et al, 2015 JCAP 02 045

[ Reference (Lya+CMB] : 2m, < 0.15 eV (95%CL) ]

Og n, 2m,

Technical: Simulation Splicing +0.001 £0.002
Spectrograph Resolution +0.000 +0.000 +0.00
Astrophysical: IGM state +0.000 -0.001 +0.02
AGN feedback -0.001 +0.001 +0.02
SN feedback +0.001 -0.001 -0.01
UV fluctuations +0.001 -0.002 -0.03

Damped Lya Absorbers +0.000 +0.002
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Constraints on Neutrino Masses
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Constraints on Neutrino Masses
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Constraints on Neutrino Masses
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Constraints on WDM
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Baur et a/, 2016 JCAP 08 012
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Upcoming: higher k with XQ-700

Pwdm(k) / Peam(k) Peam+v (k) / Peam(k)

T T T T=T=T"T 77T T =TT

BOSS x BOSS
Q CDM XQ
1.00 = : - : \1.00
0.95}+ R 8 40.95
0.90 F . - - 10.90
0.85}F R . 40.85
. -- 3D
0.80 F - - 1D 40.80
—  wdm 2.5 keV 2 My = 50 meV
0.75F —  wdm 0.5 kaV 1 [ — 22m = 150meV 10.75
——  wdm 0.1 ke — > _m, = 250 meV
10— 102 101 10" 10! 10210~ 10— 102 101 10" 10Q

k / h Mpc~! k / h Mpc~!

Baur Julien Lya Forest Constraints: Neutrino Masses & WDM



Takeaway

- Lya forests probe Mpc scales <==> v free streaming scale

- Complementary probe to CMB, WL, galaxy clustering

- ~14,000 med-res QSO sample and most resolute hydro simulations
- 11 simu + 13 nuissance + 12 noise parameters marginalised over
-BOSSDR9: 2m,<0.12 eV (95%cL) andm,,4, > 4.1 keV (95%cL)

Thank You !

julien.baur@cea.fr
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Normal Ordering

log M >m, = 0.06eV

Y
eV
A
[v3> ‘V >
v, > t
lv,>
meV A m? v,
\Y
= )
l [v3>
I Om v
\V2
ueV u

Baur Julien Lya Forest Constraints: Neutrino Masses & WDM



Inverted Ordering

log M >m, = 0.11eV

Y
eV
[v3> ‘VT>
l [v,>
2
T 0 m lv,>
meV I
[v,> ‘Ve>
|vy>
A m? |V - |V1>
1
\V2
v Vs lv,> ‘V >
ueV u

Baur Julien Lya Forest Constraints: Neutrino Masses & WDM



Mean transmitted flux fraction
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Fit results
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Baryon Oscillations Spectroscopic Survey

SDSS : wide f.o.v. (7 deg?) telescope
~10,000 deg? celestial coverage

5 filter CCD cameras (ugriz)

%SDSSIII

BOSS: photometry

target selection (~180,000 quasars)
drill plate (coordinates)

spectrograph (1,000 spectra / hr)
probes 7 € [2.1, 4.5] range (Ly-a)
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