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Hints of Sterile v ?

3.990 keV line

Decay channel

X =vyy o X —=vy

Bulbul et a/. 2014, Apd /89 13

73 stacked XMM-N spectra
246 citations

Boyarsky et a/. 2014, PRL 113, 251301

3.6

Energy (keV) Andromeda & Perseus clusters

235 citations

Perseus cluster
2/14 Chandra, XMM-Newton
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Lyman-alpha Forest
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Flux Power Spectrum P, (k) =<

Palanque-Delabrouille et al.,, 2013 A&A 559 A85
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from Flux PS to Matter PS
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Simulations (100 h-".Mpc)® cube containing:
‘ 3072° baryonic gas particles__ Hydrodynamics

30723 dark matter particles————
30723 collisionless neutrinos——~

N-bady

Rossi et al, 2014, AGA 567A /79R

Borde et al, 2014, JCAP 07 0058
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Cold Dark Matter Warm Dark Matter
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Impact on Power Spectrum A-CDMv
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Constraints on Neutrino Masses
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Results: A-CDMyv
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Impact on Power Spectrum A-WDM
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Constraints on VWWDM mass
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Conclusion: A-VWDM Baur et al, 2015 arXiv:1512.01981
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VIVISM Framework Asaka, Blanchet & Shaposhnikov ‘05
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~ Parameter Space
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Oscillations with active sector

Dodelson & Widrow ‘94
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- MsW-type Resonnance
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Spectral Index Running
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Simulation Parameters
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\ 3
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L L
keV/m, | 00 +02+04 .  Neutrino mass
n, 096 005 |
Q, 031 =005 Jio [betewes he
-  Cosmology
Oy 0.83 +0.05 .
H, 67.5 +5.0 Do
T,(z=3) | 14k <7k | ?
_ . " Intergalactic Medium
y(z=3) = +0.3 - Grid of hydro simulations
AT 0.0025 =+0.0020 > _
0 37 ny Optical Depth (UV) ) 55 for = m,
-~ 295 for keV/m,
Nuisance Parameters
Re-ionization Redshift 1
IGM thermal state 3
lonizing UV background 1
Feedback Processes 5 - Fit in our likelihood computation
running of the spectral index 1
Simulations Uncertainty 2
Spectrograph Resolution 2
Data Noise 12
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Constructing the simulated Lya PS

12 z-bins in Lya forest range

G]ermal history of IGM \
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- Cosmology

(1) Lya (2) Lya (3) Lya (4) Lya
Parameter + Hyaussian 4 Planck TT+lowp  + Planck TT+lowP  + Planck TT+TE+EE+lowP
(Hp = 67.3 £ 1.0) + BAO + BAO
oy 0.831 £0.031 0.833+0.011 0.845 +0.010 0.842 +0.014
ng 0.938 £0.010  0.960 + 0.005 0.959 = 0.004 0.960 + 0.004
Q, 0.293 +0.014 0.302+0.014 0.311 +£0.014 0.311 + 0.007
Hy (kms=' Mpe™) 67.3+1.0 68.1 +0.9 67.7+1.1 67.7 £ 0.6
.My (eV) <1.1@s%cL <0.12 95%CL) < 0.13 (95% CL) < 0.12 (95% cL)
Reduced y? 0.99 1.04 1.05 1.05

N.Palanque-Delabrouille et a/, 2015 JCAP 011
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~ Lya Power Spectrum
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- sample

Palanque-Delabrouille et al.,, 2013 A&A 559 A85
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1D Power Spectrum
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