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HDM WDM CDM

(Moore, Maccio’ et al)

107"
' CDM: the particles were created/
107 decoupled non-relativistic
WDM: particles were created/decoupled
g' 107 relativistic, but became non-relativistic in
: the radiation-dominated epoch
10k HDM: particles were created relativistic,
i I became non-relativistic around the matter-
10-3.-1 e ii?&o.o' _J dominated epoch
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Current power spectrum P(k) [(h~! Mpc)3]
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(Tegmark & Zaldarriaga 2002)
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Intergalactic medium

EAGLE: Evolution and Assembly of GaLaxies and their Environments
The evolution of intergalactic gas. Colour encodes temperature

zZ = 19.8
t S 0.2 Gyr Simulation by the EAGLE collaboration
L = 25.0 cMpc /isualisation by Jim Geach & Rob Crair

(Schaye et al 2015)
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Previous constraints on WDM from the

Lyman-a forest
(Viel et al, 2013) SDSS
(Weletal 2019 Soliak o o1 2006
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WDM or |GM temperature”

(Viel et al, 2013)
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(Lidz et al 2010)
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The flux power spectrum at small scales is affected by:
e temperature of the IGM (1D effect)

e pressure (3D)

(Gnedin & Hui 1998)
(Theuns, Schaye & Haehnelt 2000)
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Our reanalysis of (Viel et al 2013)
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e Exactly same Likelihood function
 Different priors range

TM\WDM Z 2 keV

same limit as from SDSS

- Leiden University



|GM thermal hlstory
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* Missing satellite problem -> high redshift temperature ~ 104K

WDM suppresses small structures
* 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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About Methodology

. Bayesian analysis depends on assumption on priors
e |tis not clear that a power law in temperature is a good assumption
. The high redshift data could be aftected by systematics,

as pointed out by (Becker et al 2015)
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|GM temperature from line
proadening

Garzilli, Theuns, Schaye MNRAS 450, 2 (2015)
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Conclusions

10 T T 1 T T ] T T T 1] T T ™

— Too much Dark Matter 10°
> 107 No ol :
N ”*res% Excluded by non-observation
o g at 0 of dark matter decay line

- oQu . —
-t.’-; 10 C£_l°n
= < T — Lyman—0 bound
el 10—9 — 3‘ for NRP sterile neutrino —j
B 5 e 101
§ | A-10 £ n ~
Q1007 [ @ - -
3 'UE T ) -=- mwpMm = 2.1 keV
n N

-11 (O]
8 10 [ §§ L < = H ------ mwpmM = 3.3 keV
! n g m —
. BBy ;. LIS — mgNn = 7 keV, L6 =
8 10 12 | !g 8 \N\l"i"it 6 =120 — 10_2 I SN 7 ) 6 0
5 La o T | —— mgN = 7 keV, L6 =8
+ 10_ — o - _ —_ |
5 Not enough Dark Matter — - _ [ =— MgN = 7 ke\f7 L6 =10 ‘\
10—14 1 L1 1 1 1 1 I 1 L1 1 I \\1\ 1 1 I | mSN — 7 :l{e'V'7 L6 — 12 “
1 5 10 50 ; . )
DM mass [keV] 10 100 0! T

k[h/Mpc]

mgN = 7 keV is motivated by the recent report of X-ray line atenergy F, = 3.5 keV

(Bulbul et al 2014)
(Boyarsky et al 2014)
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Other slides



Warm Dark Matter and
Sterile Neutrinos

(Laine & Shaposhnikov 2008)
(Mark Lovell)
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Low temperature or large optical depth

(Viel et al 2013)

] (Becker et al 2015)
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e Jump In temperature at z=5.0 agrees with Hell reionization
o possible systematic in high redshift data
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Constraints from SDSS-I1I/BOSS
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(Baur et al 2015)

(Palanque-Delabrouille et at 2015)
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