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Signal from DM annihilations in the Sun
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Neutrino signal from DM annihilations in the Sun

» DM scattering on nucleons (o°P and ¢°')

» DM space distribution in the Sun: n(r) = noexp(—r?/R3),
where Rpm ~ 0.01Rs,,1/100 GeV /mppy

» Energy distribution and flavour composition at production
depend on annihilation channel. Benchmark channels: bb,
WHwW-=, vtr=, vi

» Expected muon neutrino fluxes from dark matter annihilation
in the Sun

mpm dN,BrOd
®,, = 47TR2 Z/ dEy,; Py, (Eyy, Eeh)— i

Ep
VjVj /

Py, (Ey,, En) - probability to obtain muon neutrino at the
detector level: depends on neutrino interactions (NC and CC)
and oscillations in vacuum and in the media of the Sun and
Earth
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Neutrino signal from DM annihilations: interactions and

oscillations

NC, CC interactions, v, regeneration

Survival probability (at the same E,) Ratio of muon fluxes
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Changes of neutrino interactions due to New Physics could
affect the neutrino signal from DM annihilations!
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Non-Standard Interactions of neutrino

Effective four-fermion SM lagrangian (Q < my)

Lefr = [_2\/§GF(’75’Y“PL/ﬁ)(?’Y“PLf/) + h'c‘}
—2V/2GE Z gg(’jﬁ’Y”PLVﬁ)(?’Yqu)
P—P,.Pg

Non-standard neutral current neutrino interactions (conserve
electric charge and color) can result from the SM extensions

chstl — Z €527/ 2G (D" PLug) (Fry, PF)
P=PL,Pr

One of the consequences — modification of matter effects in
neutrino oscillations
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Matter NSI

~

H= Udlag(ml, m3, m3)U" + diag(Ve, 0, 0)4 Vee™
P N
EMM €ur y €ap = Z €aBn N Ve = i\@GFNe
f,P=P_,Pr

The values of e-s depend on the matter content (Sun, Earth, ...)
Biggio, Blennow, Fernandez-Martinez (2009), Ohlsson (2013)

42 033 3.0 25 021 1.7
k7™ < | .. 0068 033 |, [4<| .. 0046 0.21
. 21 e 90

Recently, Esmali & Smirnov 2013 (IceCube, atmospheric neutrinos)
leur] $0.018, e, — err] < 0.00 (90% CL)

NSI and neutrino signal 7



Standard picture of the oscillations of WIMP neutrinos

> Let us neglect neutrino interactions

» At production: Lehnert, Weiler (2007)
pv(0) = 3_, wala) (| = we|ve)(ve| + wulvp) (vl + wr|vr) (v

0 Ve(r)
2A31U( a ) UT+( 0 )}w,
1 0

om?
where Ajj = 772, a = —22

> In the center of the Sun:
L,r=0)=|ve> [2,r=0),[3,r=0) =~ \/’(|VIL> + |vr))

» Instantaneous eigenstates: H,,(r)|m,r) = E,(r)|m,r)

Iaxve =

@) = > (Un)ak(r = 0)|k,r = 0)

k

pu(o) :Z Wa(U )ak(Um)a/|/ r_0><k 0|



WIMP Neutrinos in the Sun

In the adiabatic regime: |¢);,(r)) — evolution states.

ou(r) = 37 wal Ut (Unaal . 1) (k, rle 5 () =Ex(r)

Phase factors are large - decoherence

pu(r) = Y (Un)ak(Un)axlk, r) (k. 1]

k

The probability to find a muon neutrino

Prsyyru, = (Hlp(Earth)ls) = 3, ; wal UT2| Ui 2

Adiabaticity is violated in the Sun for E 2 10 — 30 GeV near level
crossing (MSW resonances)

Pusu—v, = (plp(Earth)[pn) =3 , ; walUgH? Pji Uil

where Pj; are probabilities of level crossing.

Normal hierarchy: 1-3 and 1-2 resonances for neutrino

Inverse hierarchy: 1-2 resonance in neutrino and 1-3 for
antineutrino
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SEIES

Normal v (up) and 7, (down)
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NSI: €er and €,

0 1 0 €er
Hf = 2A31U @ ut + Ve 0 0 0
1 €er 0 €err
] ~ 2
ve = Ris(B)5, tan2f, = — <~
1- €rr
- - 0 B 1+ eﬁT
H=2A3U o Ut + A 0 ’
! €rr — EgT

where [ = RL(@E)U
Center of the Sun: flavour states are mass states. For ¢ << 1 the state |e) decouples

~ ~ 0 0 ~ 0 0
Ho3 =2A32R23(923)( 0 1 )R2T3(923)+(677 *EgT)Ve( 0 1 )

Diagonalize it by 7 = R3(0%3)v

2433 sin 20
tan 2055 = 52 SN 2705 New 2 — 3 resonanse!
2A35 cos 2023 + (€77 — €2 ) Ve
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NSI: €, and €,

0 1 0 0
Hf = 2A31U a U+Ve|l 0 0 e
1 0 eur €rr

Matter term can be diagonalized by vy = R23(§23)17, where tan 20,3 = 2:#
At ¢ < 1 the state |ve) decouples in the center of the Sun

- = 0 0 = 0 0
Hz> = 2A33Ro3(023 — 623) ( 0 1 ) RT(023 — 023) + Ver/4e2, + err ( 0 1 )

Diagonalized by 7 = Ra3(053)v™

2A35sin 2(023 — 03)

tan 205} = —
= 2735 cos2(0a3 — 023) + Ve
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Examples: €., = —0.1

Normal v (up) and 7. (down) Inverse ve (up) and 7 (down)
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Effect of the Earth: ¢, = 0.1

E,, GeV
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Full signal simulation: overview

> We use our C program; compare results with WIMPsim

> 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); earth PREM model.

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

> v, regeneration: v, = 7~ 4 ..., T~ — Ur, Ve, U, + ... - secondary
neutrinos
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= —0.1, normal hierarchy
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hierarchy
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Muon neutrino flux

L. . /90
> Expected limit on neutrino flux ~ <+
eff

dNy, (E;
fg:fM dEUS(EV,Eth)%")

» Effective area SZ; =

mpm dNy (Ev)
Je, " dE =g
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» Analysis of influence of NSI on neutrino signal from dark
matter annihilations in the Sun has been performed

» It is shown that NSI can considerably change the propagation
of WIMP neutrino

» We can expect 10-50% corrections to the upper limits on
neutrino flux for bb, WT W™= and 717 annihilation channels
due to NSI
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Thank you!




Systematic uncertainties from neutrino interactions

» Neutrino oscillation parameters: < 4 — 5% for W W~ and
bb, $7—8% for 77—

» Neutrino nucleon cross section - up to 10%, larger for
E, < 10 GeV but smaller for higher energies

» NSI can result in larger uncertainties!

NSI and neutrino signal 24



