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Dark Matter exists

It must be a new particle:
neutrinos cannot be the dark matter, because they should be light in order to be the
cosmological dark matter, but they would be too light to form dwarf galaxies

Resolution:

e particle that is either heavy
or

¢ interacts weaker than neutrinos
or

o be a boson like axions



Sterile neutrinos production
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Warm Dark Matter and
Sterile Neutrinos

(Laine & Shaposhnikov 2008)
(Mark Lovell)

10-1E ................... E 10-15
107°F 4 107 -
< i /’/
4 a 107
£y
4 107°F
. 10 s E N
10 0.1 1.0 10.0 100.0
k [h/Mpc]
1/3
. m 1\4/3 [ 0.12
(Viel et al, 2005) mIY P = 4.43keV ( therma ) >
1keV QL h

Antonella Garzilli - Leiden University



Current power spectrum P(k) [(h~! Mpc)3]
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Baryons in cosmological simulations
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(Gunn et Peterson,1965)
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What can we measure In
L yman-a forest”?

e Decomposition in absorption lines | i\

o
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® Flux power spectrum

F — A% (k)
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ts on WDM from the
- forest
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Degeneracy of WDM with
baryomc physms

(V|e| et al, 2013)

(lez et al 2010)
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The flux power spectrum at small scales is affected by:
e temperature of the IGM (1D effect) (Gnedin & Hui 1998)

* pressure (3D) (Theuns, Schaye & Haehnelt 2000)
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Analysis of Viel et al 2013

A Becker+l1l (y=1.0) \ AN
e Becker+1l (y=1.3) NN
@ Becker+1l1 (y-1.5) 0.9

v Bolton+12 \ N
WDM 2 keV \ T

WDM I keV

S
e

™ -
-~
-
--"--—-

P(k) wn \/P(k) NCODW
&4
&

0.7 =42
’ - z=5.4
0.4 | z-binned ev.
power-law ev. 0.6
0.2 SDSS HIRES + MIKE
¢ P — - J < <
3.5 4.0 4.5 5.0 5.5 6.0 6.5 0.5
< 1 10
k (h/Mpc)

TMWDM Z 3.3 keV

Assumption on IGM thermal history: power-law behaviour in z
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L ow IGM temperature at high z ...

* Missing satellite problem -> high redshift temperature ~ 10*K
WDM suppresses small structures
e Hardness of primordial stars
We do not actually know how long they last
* Agreement with other measurements of IGM temperature
We agree with a early Hell reionization
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Our reanalysis of Viel et al 2013
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L ow IGM temperature at high z ...
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.Or unaccounted scatter in the
optical depth

(Becker et al 2015) insufficient modelling of UVB fluctuations
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What have we learnt
about methodology”?

In Bayesian analysis the result depends on the priors:
® power-law In temperature -> strong constraint on WDM
e NO theoretical justification for such priors

It we believe that the estimated parameters are not realistic

v

We have to look for possible sources of bias
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LIne decompaosition
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|GM temperature from line

pbroadening
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|GM temperature from line
broadening
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Plan for future simulations

SPH code (GADGET) has some
limitations:
. poor information in low
density regions
e poor resolution of shocks
° artificial viscosity

A new simulation scheme:
e AMR code (RAMSES)
e Radiative transfer code

Power spectra only WDM-like Realistic Sterile Neutrinos Power
spectra
We can
e model of the Lyman-a forest in ~1 yr with WDM cosmologies
e |ift the degeneracy between DM nature and gas properties



Warm Dark Matter and
Sterile Neutrinos

(Laine & Shaposhnikov 2008)
(Mark Lovell)
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Implications for Sterile Neutrinos

10° T 11 T T ]
Too much Dark Matter

]
on<
e
SOnant o
o

uct .
1
" °n

~

Interaction strength [Sin2(29)]
'_l
o

— — Lyman—-0 bound
for NRP sterile neutrino =
~

Excluded by non-observation
of dark matter decay line

>
P
-
g u
-10
— 9 P —_—
o g T~
0
-11
— S —_
10 q D L~
o' g =
- BB . L -
10 12 | (|D8 =) llmit 6 =120 —
7} —= _
: -
103 @ = .
Not enough Dark Matter — — __
10—14 1 L1 1 1 1 1 I 1 L1 II 1 1 I
1 5 10 50

DM mass [keV]

10°}

10~
-=- mwpMm = 2.1 keV
...... mwpmMm = 3.3 keV

10_2 — TNSN = 7 keV, L6 =0
— mSN:'TkeV, L6 =8
— TSN — 7 keV, L6 =10
— msn = T7keV, L6 = 12

k[h/Mpc]

msN = 7 keV is motivated by the recent report of X-ray line at energy F, = 3.5 keV

(Bulbul et al 2014)
(Boyarsky et al 2014)
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Conclusions

cosmic scales: 0.5/h-5Wh com. Mpc
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* Lyman a high resolution data do not allow to put a stronger limit on

WDM

* WWe need to solve the degeneracy between gas properties and
warmness of dark matter
* in ~1yr we will be able to either:

detect WDM
or

putting strong constraints on WDM
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