A Novel Method to Extract Dark Matter
Parameters from Neutrino Telescope Data
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DAMA signal and Direct bounds
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Indirect detection

DM+ DM — e"e" DM 4+ DM — ~~

Inverse Compton :

pair annihilation :  efe™ — v~




Signal from the Sun
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DM capture in the Sun
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The maximal possible capture rate is therefore OJ1
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Some conventional neutrino production modes
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Spectrum
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Shower and muon track
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Shower or cascade

v+ N — v+ X
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Background from solar atmosphere<10 per year
Fogli et al, PRD74

Atmospheric muons: During summer and spring
The rest of ICECUBE acts as filter for DeepCore.

Atmospheric neutrino background



Atmospheric background
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a cone with halt angle 1° around the direction of Sun.




Scattering of neutrinos inside the Sun
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Sharp line remains sharp!
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Spectrum after emerging from the Sun
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Oscillation of neutrinos
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Oscillation in the Earth
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Oscillation In matter




Neutrino oscillation 1n matter
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Neutrino versus antineutrino
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Oscillatory terms
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Our work
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Neutrino oscillation length

O

AnE E 8 x 107" eV?
Lr_}sc = — ™~ 3 1011 -
Amd, T O m (100 GeV) ( A, )

L =15 x 10 cm

e e o



Averaging limit
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Thermal widening
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Bottomline

O




Averaging due to production point
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The earth orbit
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Variation of muon track
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Factoring out the distance factor
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A measure of oscillation
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Application
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General case
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Definitions
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For E, ~ 100 GeV, |Oa| ~ 1 and |Oy3] ~ 0.1




Averaged oscillation probability

L P(va = vu)Aep LT3 (H)dE

(P(ve = v )20 =

Lt_l_At eﬁL_2 (t)

12 12

oo T q —
(D) M & T4 1
= 4 1 —— L J1f A
A A 1" A el WM ']
- ' | - u .

19
.




)
4
O
©
-
fd
-
O
-
=

A+ BK(t, At)




What can be derived




By dividing the time interval between spring equinox
to autumn equinox to four periods, one can derive
these combinations.

If the present bounds are saturated, after 10 years of
data taking, enough data can be collected to perform
a ten per cent accuracy measurement.



The range for which the method is effective
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mpa < 500 GeV




For 100 GeV < mpys < 500 GeV | observing seasonal
variation (i.e., nonzero A ) means DM + DM — vv
takes place dominantly and the flavor structure Is
not democratic.

By studying the seasonal variation, the dark matter
mass can be derived.

Such a derivation (with 10 percent accuracy) requires
more than 400 DM events.



Backup slides
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Democratic production
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Energy measurement
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DMy from the Earth
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Systematic analysis
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Can we reconstruct Mags?
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