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Neutrino signal from DM annihilations in the Sun

» We use NT-200 as a playground for studing of indirect DM
searches technics

» Benchmark channels: bb, WW ™, 7777, velle, v,10,,, V707

» Expected muon neutrino and muon fluxes from dark matter
annihilation in the Sun
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Baikal Neutrino Telescope (NT200)
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Signal simulation: overview and parameters

» We use our C program; compare results with WIMPsim and PPPC
» Initial neutrino spectra at the center of the Sun: PYTHIA

» Annihilation point near the center of the Sun

» Neutrino oscillations, 3 x 3 scheme

» Matter effects: solar model, J.N.Bahcall, A.M.Serenelli,, S.Basu
(2005). We should improve here.

» NC and CC interactions (including 7-mass effects) in the Sun and
the Earth: change in neutrino fluxes and spectra

> v, regeneration: v; = T 4+ ..., T — Uy, Ve, U, + ... - Secondary
neutrinos
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For the same initial neutrino spectra
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PPPC 4 DMy

New calculation neutrino energy spectra by M.Cirelli,
A.Strumia et.al arXiv:1312.6408, JCAP (2014)

GEANT 4 to simulate propagation of annihilation products in
the Sun, in particular effect of secondary products

v

v

v

EW corrections to spectra: radiation of soft electroweak
bosons enhance EW corrections by powers of log Mpy/ Mz

Neutrino spectra at production and at the Earth are availible
for particular solar model and particular oscillation parameters.

v
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PPPC 4 DMv: comparison with other spectra
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Comparison of different spectra

Effective areas normalized to those obtain with WimpSim spectra
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Considerable corrections! Sensitivity to bb increases, while to
W+ W~ decreases!
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Muon flux calculation

» Muons are produced in neutrino CC interactions
» Mean muon energy losses in rock (D.E.Groom, N.V.Mokhov,
S.1.Striganov, 2001)

() = —(a(E) + B(E)E)p

» Multiple Coulomb scattering
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Neutrino from the Sun and optimization
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Upper limits on neutrino flux
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Upper limits on muon neutrino flux
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Recalculation to upper limits on SD

> Firstly, we recalculate ®, — 'y

» In equilibrium between capture and annihilation processes:
FA = CDM/2

» Capture rate is determined by the Sl and SD elastic cross
section of DM particles on nucleons (Gould, 1987)

» Recalculation 'y — O’SD 5’ (Olga Suvorova, S.D., 2010)

Fa=r30 13

&SD _ = ‘
P I—Upp.L/m. _ O_SD,Upp.Lim. p_ rUpp.le, _ O_Sl,Upp.Lim.
riD A P ’ ril A P

» Upper limits on SD cross sections are strong - a lot of
hydrogen in the Sun
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Upper limits on SD elastic cross section: indirect searches
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Upper limits on SD: direct and collider searches
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Systematic uncertanties

» Experimental uncertanties NT200: =~ 30%.
» Influence of uncertanty in neutrino oscillation parameters on
propagation: ~ 5% for W™ W~ and bb, ~ 8% for 777~

» Influence of neutrino nucleon cross section on propagation in
the Sun and the Earth - up to 10% for E, ~ 10 GeV and 4%
for E, ~ 1 TeV.

» Contribution of tau-neutrinos to the muon events - around 6%.

» Considerable corrections from new neutrino spectra at
production!

» For limits on SD and SI cross sections: astrophysical
uncertanties (chemical composition of the Sun, local dark
matter density p,, DM velocity distribution, ...)
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Thank you!
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Comparison of upper limits for W*W™ and 777~ channels

» Comparable limits on muon fluxes

» Number of neutrinos (and antineutrinos) per annihilation:

~ 1.0 for WrW~ and ~ 2.6 for 777~
» Effect of oscillations
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