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COLD DARK MATTER: the particles were produced/decoupled non-
relativistically 

!
WARM DARK MATTER: particles were created/decoupled relativistic, 

became non-relativistic in the radiation-dominated epoch 

Moore, Maccio’ et al

CDM WDM HDM
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For the purpose of this talk: Warm dark matter is any dark matter model that 
predicts less power below a certain scale than CDM does
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• Sterile Neutrinos 
!

• ultralight axions 
!

• ETHOS model 
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(Marsh & Silk 2014) 
Ultralight axions

(Tulin & Yu 2017) 
self-interacting dark matter

(Boyarsky et al 2008) 
Sterile Neutrinos

Some WDM candidates:
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Warm Dark Matter and 
Sterile Neutrinos

(Boyarsky et al 2008)

(Viel et al, 2005)

(Laine & Shaposhnikov 2008)
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Observables of matter power 
spectrum at small scales

• halo number counts (related to missing satellites and 
too big to fail) 
!
!
!
!
!
!
!
!

• measure matter power spectrum directly (Lya) 
!
!

• distribution of matter inside halos (cores vs cusps)— 
debatable, see (Governato and Maccio’ 2016)
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(Schaye et al 2015)

Intergalactic medium
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Previous constraints on WDM from the 
Lyman-α forest 

(Viel et al, 2013) SDSS  
(Seljak et al 2006) 
(Viel et al 2005) 
(Viel et al 2006) 

(Boyarsky et al 2009)

MIKE & HIRES 
(Viel et al, 2013)

high resolution 
(Viel et al 2005)

Garzilli, Boyarsky and Ruchayskiy 2015!
arXiv:1510.07006
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 WDM or IGM temperature?
(Lidz et al 2010) 

The flux power spectrum at small scales is affected by: 
• temperature of the IGM (1D effect) 
•pressure (3D) (Gnedin & Hui 1998) 

(Theuns, Schaye & Haehnelt 2000)

MPS

FPS
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• in CDM power spectrum is expected to grow with k 
• in BOSS like data there is no cutoff, consistent with CDM 
•  in high resultion data we go to smaller scales, power 

spectrum starts to decays— This is what we expected from 
WDM  

Garzilli, Boyarsky and Ruchayskiy 2015!
arXiv:1510.07006
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is motivated by the recent report of X-ray line at energymSN = 7keV E = 3.5 keV
(Bulbul et al 2014) 

(Boyarsky et al 2014)

Sterile neutrinos
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Garzilli, Boyarsky and Ruchayskiy 2015!
arXiv:1510.07006

(Baur et al, forthcoming)
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Conclusions

!
• The intergalactic medium at high redshift is most promising probe of  WDM  
• We are studying the Lyman-alpha forest for producing new robust limits 
• it is impossible to put bounds on WDM from the HIRES and MIKE data 

before we confirm experimentally what is the origin of the cut off. 
May be we have discovered WDM already!


