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Type Example
glon neutrino 2 i1ew eV

warm sterilev keV-MeV
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Non-baryonic (particle) dark matter candidates

Both CDM & WDM are compatible with CMB & LSS
Claims that both types of DM have been discovered:
- CDM: y-ray excess from Galactic Centre

- WDM (sterile v): 3.5 keV X-ray line in galaxies and clusters
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The WDM: sterile neutrino model fact sheet

» Warm dark matter model

Part of vMSM extension to standard model,
facilitates neutrino oscillations, baryogenesis

~GeV

t
tau snerileB
no

~0.04 eV
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spectrum & lifetime t
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» 7keV sterile neutrino decay into X-ray +
neutrino; an explanation for the 3.5keV line

in clusters, M31, GC

> M;=7keV: Le=[8-11] (3.5keV line compatible)

Competitive new dark matter models,(sterile neutrinos,

self interacting models)

<0.0001 eV A10 keV | ~0.01 eV
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Asaka+05/Laine+08/BRS+09

» M.=7keV: Lg=[120] (warmest model available
for 7keV)
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Sterile neutrino: potential channels for detection

Hitomi (30)
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THE WAY FORWARD

Detect sterile neutrino and detect m_
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1. Direct detection
If sterile neutrino mix with active
neutrinos:
Tritium g-decay - KATRIN
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2. Indirect detection m [keV]

. Abaziajan ‘17 .
Detect of keV particles produces - Sl

+ ulbul+
|Cappelluti+201 7: Chandra Galactic halol
anse+

' [Foneave]
a n X- ray I I n e ! IConlorll+2017: AGN absorption Iinel e
- [HITomI Collabora

tion+2017 I
[ Neronov+2016: Nustar, cOSMOS, ECDFs | Urbans2015
Boyarsky+2015

F u tu re X_ ray m i SS i O n S : |Ma|yshev+2014: dwarf spheroida:l galaxiesl
: / |Rucha skiy+2016 ..k“"‘"’“
XARM - 2021 (replacement of Hitomi with W s vt 01995 [itaper
soft X-ray spectrometer 0.3-12 keV) '°“‘2:5’j""“*2°fb°:"_'Ze:*ffa"g:' e ot
Athena - 2628 2031 (0.5-12 keV ottt | o SR

| {FCI:GB
ngh-res or |arge-area) 520188 CL95

| Hofmann+2016

lakubovskyi+2015

! Range

fHLE

Nature: dark matter evidence weakensl

sin(20) (1071

Bl D e e e A A A



SOTA galaxy formation simulations: Warm APOSTLE

‘ 3';{ '. Gas hydrodynamics

¥ Electron cooling

Chemical enrichment
Star formation

SN feedback

SMBH formation
AGN feedback

Reilonisation

shock heating



ASPOST
full hydro
simulations

Local Group




Far fewer satellite galaxies than CDM halos

ASPOSTOLE
full hydro
simulations

ocal Group _—

Sawala et al ‘15
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The window for indirect detection




CDM and WDM X-ray decay fluxes

If tilere a.r'e N ’dark matter
simulation particles in the FoV, the flux, F, is:

mpm,i 1 ~1...-2
counts S ¢cm

(1)

N
F =1.18 x 10%
i§0 MDMT 47I'dl?'

where d; is the distance between the i-th particle and the
observer in kpc, Mpy is the mass of the dark matter can-
didate particle in keV, 7 is the particle lifetime in seconds
and mpm,; is the mass of the i-th simulation dark matter
particle in M :

3 instruments specifications:
XMM-Newton: 28" x 28' FoV

XRISM: 3' FoV
ATHENA: Widel Field Imager (WFI) 40" x40°
and X-ray Integral Field Unit (X-IFU




CDM and WDM X-ray decay fluxes
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CDM and WDM X-ray decay fluxes
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Lovell,.... WH et al., ApJ'19

Perseus cluster offset flux ratio
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TAKE HOME MESSAGES

The hunt for DM is on

The indirect (astrophysical) window for
detection

might be the most promising in the
coming decade

7.1 keV Sterile neutrino is a viable
contendent

X-ray emission lines from its decay can
be observed by future space missions
Local Universe counts predicted to be
~10°==10"" cnts/s/cm?(normalization)
3.5 keV line is Gaussian and Perseus
cluster on/off center measurement can
provide ~>30 detection




