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1. Introduction

When weakly massive interactive particles (WIMPs) from the galactic hedegs through the
Sun, there is a possibility that they scatter and lose enough energy tovitipaally trapped.
Following subsequent scatterings in the Sun, the WIMPs sink to the solaracar thermalize.
The accreted WIMPs can then undergo co-annihilation into differermreia depending on the
particular WIMP model. Regardless of the model, the only particles which sttexakly enough
to escape from the Sun are neutrinos, which can be produced eithettydinethrough the subse-
guent decays of the co-annihilation products. Here, we will preservant based Monte Carlo
for computing the neutrino flux at Earth given the co-annihilation rate aaddhing fractions into
the different channels. We will also comment on the equivalence betwisdvdimte Carlo and the
density matrix formalism usually used to treat this phenomenon analytically.

2. Density matrix formalism

When treating the neutrino propagation analytically, it is customary to use tisitylenatrix
formalism in which the neutrino evolution is given by

p(rE) = —ilH.p] ~ 5{T.} + freg 21)

wherep(r,E) is describing the flavor and energy distribution of neutrinos, the first tarrthe
right-hand side describes neutrino oscillations, the second describgegteling of the neutrino
flux due to interactions, and the last term is a regeneration term descril@rgaih in neutrinos
from the same interactions (a neutral-current interaction simply degraglaetitrino energy, while
a charged-current interaction may produce new neutrinos if the neimtex@acts as a;). This
approach has been used in a number of papers in order to study the ohpaatrino oscillations
and interactions in a consistent framework [2, 3, 4].

3. Monte Carlo treatment

In our Monte Carlo, we instead use an event based approach, wieeyeneutrino is described
by a vector in flavor space as well as an energy. We then compute if agd thvb neutrino will
interact. If the neutrino does not interact, then we simply evolve its flavor atgtelesired point.
However, if it does interact, it is treated differently depending on the typeeraction. For neutral
current interactions, we simply remove the neutrino from our simulation aalern new neutrino
with the same flavor vector but degraded energy due to the energy loss imehaction. If the
interaction is due to a charged-current, then the neutrino is completely llesisuibinteracts as
avr. In this latter case, the resultingwill decay before it loses energy due to interactions, and
thus, produce new neutrinos. We then simulate this interaction and subsegoay and add the
resulting neutrinos to our computation.

It is fairly straightforward to show that this Monte Carlo treatment is equineie the usual
density matrix formalism on a statistical level. The simplest way of doing this is to feten
the fact that the evolution of the density matrix is linear (this is no longer truegifommsiders the
evolution where neutrino-neutrino interactions become important, suctoas #ie neurino sphere
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Figure 1: A flowchart of how the WimpSim package operates, includirmuinoutput and dependencies on
external programs.

in a supernova). Then one can construct the density matrix correiggdnda single neutrino in the
Monte Carlo and deduce how it is propagated. This readily gives badetisty matrix evolution
when one considers the statistical average. For details, see the AppémRaik [1].

Our Monte Carlo has been written in a very general format and is easy tonraptéogether
with DarkSUSY or into neutrino telescope Monte Carlos. The code, as wéllearesults of our
simulations are publically available [5]. Essentially, the code is built up of two peograms,
WimpAnn and WimpEvent, which together form the program package WimpSim. YAfimps
responsible for the treatment from the WIMP annihilations up to the propagatithe resulting
neutrinos to a distance of 1 AU. Essentially, this is the part which needs oo ampthe experi-
mental setup. From 1 AU, WimpEvent takes over and propagates the masttwithe detector and
computes the final neutrino fluxes and other data that could be of intecest.dehematic view on
how the WimpSim package operates, see Fig. 1. Further information cawihe &t Ref. [5].

4. Results

As our main example in Ref. [1], we present the results for annihilatioms,of 250 GeV
WIMPs into T 1~ pairs, simply because this channel will give a relatively large differémtiee
initial fluxes of different neutrino flavors. The difference betweensihaulations with and without
neutrino oscillations included are shown in Fig. 2. Essentially, the results iarihie following
manner: On the way out of the Suy, < v; oscillations due to the mass squared splitig,
more or less equilibrates thg, andv; fluxes, although the oscillation pattern can still be seen in
the energy spectrum. When propagated to a distance of 1 AU, also thegnassdssplittinghms,
has started to affect the oscillations and also produced an increaseaf flwat the expense of
the other neutrino flavors. Thg, < v; oscillations are now so fast that they are no longer seen
in the energy spectrum, while there remains an oscillation pattern for the oso#latito ve at
higher energies. Finally, the propagation to a detector (in this case a ddteetied at the South
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Figure 2: The result for annihilations of m, = 250 GeV WIMP intor*7~, both in the case when neutrino
oscillations are includedst{d osc) and for the case when they are noo (0sc). Figure from Ref. [1].

Pole) and making a time-average over half a year essentially erases &lrefhihining oscillation
features (see Ref. [1] for details).
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