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OUTLINE:

A brief introduction to DM
DM capture inside the Sun
Coherence of neutrinos
Seasonal effect

Summary



expected
from
luminous disk

-
- e,
- ey

10 R (kpc)

M33 rotation curve




—\A//\ PP | )

MY A :
‘ - | | - | —
L AL -\ L L L L I B \._ —

Other Evidences from a wide range of
astrophysical observations

Lensing ) (Clusters) ( BBN SN1a)( LSS

Each observes dark matter through its
gravitational influence

Still no (reliable) indications of dark matter’s
particle nature




andigate

Axions, Neutralinos, Gravitinos, Axinos,
Kaluza-Klein Photons, Kaluza-Klein
Neutrinos, Heavy Fourth Generation
Neutrinos, Mirror Photons, Mirror Nuclel,
Stable States in Little Higgs Theories,
WIMPzillas, Cryptons, Sterile Neutrinos,
Sneutrinos, Light Scalars, Q-Balls, D-Matter,
Brane World Dark Matter, Primordial Black
Holes, ...
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Petection of WIMPs

» Direct Detection:

Dark.Matter S n— Dark Matter leaves
entering target

E ~ 10 KeV

recoil Nuclear recoil event

e L= f,(x0)- @) +d,(r* v’ 1) @17+
Lagrangian e
Scalarinteraction spin-dep. interaction



> Indirect Detection:




 With Neutrinos




Capture of Neutrinos at the Sun

The evolution of the WIMP population is governed by the equation

. capture rate
N=CZCuN?
x

annihilation rate per WIMP-
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Detection of Neutrinos at the Earth




lceCube Detector




> Here we consider the case that DM+DM = v v
Thus the neutrinos are

Average velocity of the DM particles in the Sun

(3T /mpar)/? ~ 60 km/sec

We expect the spectrum on neutrinos remain



A 0-% eV?
Losc= 41rE ~ 3 X 1011 cImn (L) (8“_8)

Ami, 100 GeV Am?,

L,.. is of the order of the variation of Earth-Sun distance over a year

Observable seasonal effects should be seen
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Widening of the wave packet

» Thermal widening

» Gravitational widening

» Natural width of the neutrino wave packet
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» Widening due to scattering
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Matter density in the Sun falls as:

ratio of neutrinos

undergoing neutral current 0.1R, /tnc =~ 5% For Ey =500 GeV
interactions should be of Sl Ne = Tha i nae e
the order of



Seasonal Variation

o8 (dN,/dt) dt

We define: V ™ ks T fr
e define N(to, At) zo+At Aup s (O[])/[L(D)]2 dt

N(tl \ Atl) e ﬁ(tz, Atz)

A(ty, Aty;ta, Atr) = = —
(b1, At1;t2, Abo) N (t1,Aty) + N(t2, Aty)

Perihelion

to+At=6 October




Electron neutrinos at the Sun
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Muon neutrinos at the Sun

A(20March, 186days) A(3April, 186days)
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We consider the flavor oscillation, matter effect inside the Sun,
absorption and tau neutrino regeneration

dNIC oM [Evu 4, [doCC do'CC
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Through-going events: ~ 6/year
Backgrounds:
DeepCore events: ~ 3/year
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One more observable in the IceCube

Number of p-track events

R =

Number of shower-like events
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One more observable in the IceCube

Number of p-track events

R =

Muon-track events

® CC interaction of

Number of shower-like events
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One more observable in the IceCube
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One more observable in the IceCube

Number of p-track events

R =

Number of shower-like events

Muon-track events

® CC interaction of /

® CC interaction of

.
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Hadronic
Decay




Asomar = A(20 Mar, 186 days, 23 Sep, 179 days)

Asapr = A(3 Apr, 186 days, 6 Oct, 179 days)
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SUMmmary

In neutrino telescopes such as ICECUBE, the
direction of muon-track can be reconstructed by
amazing precision of 1 degree which means
neutrinos from the Sun can be singled out.

Measurement of the spectrum of neutrinos is going
to be challenging

. : % Spectrum be reconstructed
Thus, two situations

can be considered

“Spectrum be reconstructed



/

% If spectrum be reconstructed

A+ 0 A sharp feature should be present
in the spectrum of neutrinos

% If spectrum be reconstructed

If the spectrum contains a sharp line,
generally we expect A to be nonzero

If a sharp line is observed , N _—
in the spectrum but 4=10 F) =F) =F



Seasonal Variation

dit
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