Detection of keV scale warm dark matter

JEH;

20124E5 H8H, HK
20124 b T HE 5 i 2E b 4

BEER Detection of keV scale warm dark matter



Content:
> keV scale Warm Dark Matter vs GeV scale Cold Dark Matter
» keV scale spin 1/2 dark matter, sterile neutrino
> detection of sterile neutrino DM by radioactive nuclei

> summary

B Detection of keV scale warm dark matter



keV scale WDM vs GeV scale CDM

CDM produces too many small substructures

45 X 10°  substructures  (Aquarius ~ 30 observed substructures within our
simulation) Galaxy. M. Geha 2010
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keV scale WDM vs GeV scale CDM

CDM has problem in explaining small structures in galaxies

> Initial halos of WIMP-like CDM, ~ 1 — 10 Earth mass, emerge
to form large halos, the galactic halo etc.

» Numerical simulation: around 1000 dwarf galaxies in Milky
Way, only around 10 observed

WDM: mywpum 2 1 keV from structure formation

» WDM has larger velocity dispersion and leads to less
sub-structures in simulation

» However, Lyman-a observations disfavor WDM

WDM and CDM both have problems and are open for exploration.

We consider keV scale warm dark matter
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keV scale WDM vs GeV scale CDM

Virtue of keV scale DM for theorists

GeV scale DM

» should be stable or has lifetime longer than the age of the
universe

» some quantum number should guarantee its stability;
extra global or discrete symmetry needed in theory.

» symmetry usually put in by hand, not natural for theorists

keV scale DM

» naturally has long lifetime since it does not have enough
phase space for decay

> extra quantum number is not needed and no extra symmetry
put in by hand
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keV scale sterile neutrino dark matter

vs decay rate is suppressed by its small mass,
no extra global quantum number needed, compared to CDM

vs decays mainly through vs — v + 20, 2v + U:

510-8
Ty, = 5. x 10%°s <1kev> 10

M, ©?

02 = |Res[? + |Ryus|? + | Rrs 2.
7, much larger than the age of the universe ~ 10'7s

s

Vs is a good dark matter candidate
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keV scale sterile neutrino dark matter

keV scale vg1(vs) dark matter in low energy seesaw

A low energy seesaw(keV scale vg; and GeV scale vgo 3, ¥SM)
(Asaka, Blanchet and Shaposhnikov, 2005)
We found(He, Li and Liao, 2009)

» the vSM has an approximate Friedberg-Lee symmetry:
VR1 = VR1 + 0

natural splitting of keV scale vg; and GeV scale vgo 3
> active neutrino masses either normal or inverse hierarchy
» large mixing of vgy 3 with active neutrinos can be achieved

» Ovf33 constraint can be satisfied for quasi-degenerate v 3
even if mixings are large
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keV scale sterile neutrino dark matter

vgr1 dark matter can be produced in the early universe

> through mixing with active neutrinos: Rj;
» or through the decay of a singlet S: S — vr1VR1

(Shaposhnikov and Tkachev, 2006; Kusenko, 2006)
fo -
Al = ESVRal/,C?a + h.c.+ V(S,H)

< S > gives mass to vg; S in thermal equilibrium, vy is not

» or through decay of other particles (Lindner et. al., 2010)
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keV scale sterile neutrino dark matter

Major constraints on this model of dark matter:

» Production of p,,, in the right range of Qgp,

v

Satellite X-ray observation on the decay line of vg; — v+

v

structure formation( My 2 1 keV)

v

Lyman-« forest constraints
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keV scale sterile neutrino dark matter

If thermal history of the early universe has a reheating at
temperature around multi-MeV range

» decay of some non-relativistic particles produce entropy
release S > 1

> vpp density over-produced by mixing |Rj1|?> > 1072 can be
diluted by large entropy production

» velocity dispersion re-scaled by S~1/3, Lyman-a constraint
weaken

» vRr1 mixing can reach the X-ray observation bound

02 <18 x 10—5<1 kev>5

1

Significant entropy release can be produced by the decay of one of
the degenerate vgo 3. (Liao, 2010)
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detection of s DM by radioactive nuclei

B decay nuclei with decay energy Qg:

N— N +e+ e
E. = @3 at the end point of 3 decay spectrum.
Vs capture by radioactive nuclei N

vs+N—= N +e

has no threshold

anti-8 decay nuclei can also be considered
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detection of s DM by radioactive nuclei

We point out (Liao, 2010)
On Tritium(production rate in reactor: 0.01%)

_ n, |Res|? 3H
N~ 0.7 L :
YO % 105 cm—3 1076 10 ke

On 1%Ruy(production rate in reactor: 0.4%)

B n, ’R65’2 106Ru
N~ 16 1 s
year =X 105 em—3 10-6 10 Ton

Lifetime effect, Li and Xing 2011
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detection of s DM by radioactive nuclei

vs number density is enhanced by its small mass

Taking the estimate of the galactic value of pgn, in the solar system

3 Pus 3 keV
0.3 GeV em™3 M;

n,, = 10° cm™

Although the cross section suppressed by |Res|?
event rate enhanced by the large n,, and hence the flux of vs.
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detection of s DM by radioactive nuclei

Capture of vs on radioactive nuclei produce mono-energetic
electron well beyond the end point of beta decay spectrum

E. = Qﬁ + my,
Signal is clear, easy to detect

Background caused by solar pp neutrinos with energy < 10keV:

~ 4.0 x 1073 year~! for 10 kg 3H
~ 8.5 x 1072 year ! for 10 Ton 1%°Ru

solar neutrino background are negligible
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detection of s DM by radioactive nuclei

> The solar system may stay in a sub-halo in which local dark
matter density can be much larger than the galactic average
value.

» Better radioactive nuclei(beta or anti-beta decay) may exist.
Conditions:
» enough life time;
large enough capture cross section
» significant production in reactor or available in nature

» better to have large decay energy to avoid pollution of other
radioactive sources
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detection of s DM by radioactive nuclei

MARE and KATRIN are considering to detect keV scale WDM in
their their upgrade

Light and heavy relic neutrino detection in MARE?

5x10° T mv= T v g AEFWHM=1eV
.10"% \ m= 2 eV |

N

w

Q+m<j(orQ+mH)

ere B \l
spectrum rellc vs

dN/GE [a.u]
'.v

2465 ' 2470
energy [eV]
Interaction rates in isotope sterile v,
KATRIN and MARE 1Y« (CVB) (ross  rate m,=1keV
v+3H-3He+e 0.1lytg! @ 100 ug 10°y1 100 sin’0y'g' @

v+17Re » 0Os+e- 10 ¥y'g’ @ 1000g 107y! 107sin6y’g?
v+e +'%Ho - 183Dy* 105y'g’® 100 ug 10°y1 103sinpy1g! ©
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> keV scale dark matter is interesting

» keV scale vs is a good spin 1/2 DM candidate.
|Ris|? can reach 107(for ~ 2 keV), the bound from X-ray
observation; Other astrophysical constraints satisfied

» We first point out that it's possible to detect vs DM through
capture by target of radioactive nuclei

» Capture of vs give mono-energetic electron well beyond the
end point of the beta decay spectrum; signal very clear

> For |Res|? ~ 1076 a few to tens events per year available for
10kg Tritium or 10 Ton %Ru

Possible to detect keV scale v dark matter in S decay experiment
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