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Neutrino Flux Conversion Carsten Rott

1. Introduction

There is compelling observational evidence for the existence of dark radtgever, its na-
ture remains unknown. A wide-range of particle candidates suggestrausnpossible signals,
from the byproducts of self-annihilations or decays, or from scattesfnguclei. Weakly Inter-
acting Massive Particles (WIMPs) are leading particle dark matter candjdaredicted to have
masses ranging from a few 10 GeV to several TV [1].

Neutrinos are ideal messengers in the search for WIMPs. They caseldea probe its self-
annihilation cross section as well as the WIMP-nucleon scattering crotisrse For the latter
neutrino telescopes are able to set very stringent limits for the spin-depiecase[[2[]3]. Such
sensitivities are achieved by looking for neutrino signals from self-aliatiing dark matter grav-
itationally captured by the Sun. The capture mechanism of dark matter is initiaterok lsame
event that direct detection experiments try to observe: a nuclear readiliah a WIMP transfers
some of its kinetic energy to a nucleon. For the common case of equilibrium éetvepture rate,
I'c, and annihilation ratd; o, neutrino quxesm,f, from the Sun are directly comparable to rates
at direct detection experiments. The problem of converting a muon neggimerated muon flux,
(p,j, to direct detection rates has been studied extensiMefy [4, 5]. TheSD&X [6] package allows
one to obtain conversion factors for given halo and SUSY parameters.

Inthe past searches were centered around muon neutrino inducedatesyiowever, searches
relying on other neutrino flavors are also feasible. Once the detectortiaisief comparable size
to the muon range of for the neutrino energies of interest, vertex contaireed rates (fronmve,
vy, Vr interactions) are large compared to those induced by muons ¥omteractions outside
the detector volume. The usage of vertex contained events for anabsésén well established
and is documented for Super Kamiokanfe [7]. The comparison of flbaismeutrino flavors to
the spin-dependent WIMP-nucleon scattering cross seaiioh,is the focus of these proceedings.
Neutrino fluxes are in particular sensitivedS® as the Sun is predominantly a Hydrogen target.
The work is based on a study using DarkSUSY version 5.0.4. We furtbeide a description how
to incorporate and treat uncertainties. In particular we address uintiedalue to the dark matter
distribution, which are common to all searches.

2. Neutrino flux conversion

Previous searches have focused on the muon neutrino induced muomiuxrano telescopes
for obvious reasons: (1) The good pointing resolution of high-enarggns allows us to define
a small search window around the Sun. It can further be used in rejebéngrge background
caused by down-going atmospheric muons. (2) The long range of higigge muons 4 1 km
in water at 200 GeV), allows for the detection\gf interacting outside the instrumented detector
volume. Advances in detection methods with operating neutrino detectors@sypkpts for future
detectors allow for the expansion of Solar WIMP searches to other netiauors. Not only could
these provide additional information on the WIMP properties, in case oftecdel signal, but
searches relying on vertex contained events can generally achie\elzsier energy resolution.

The use of conversion factors for neutrino fluxes compared to muorsfhodds some distinct
advantages. Inherently, they do not depend on muon propagatiariseffied allow us to treat



Neutrino Flux Conversion Carsten Rott

all neutrino flavors in the same way. The muon flux is also highly dependethe opening
angle given around the Sun, motivated by the kinematic angle between thenmutomo and the
muon Qg ~ 1° x 1/1TeV/E,) and some detector dependent uncertainty in the muon directional
reconstruction. As annihilation occur almost entirely near the center of uhe t8e resulting
neutrino flux shows a negligible dependence on the opening angle calrtparehievable angular
resolutions on neutrino directional reconstruction. Further, if the muogergs on the same order

as the size of the detector, then there is no longer a significant increaffedtive area due its
range. We also note that neutrinos fluxes with energies above 1 Te\éarely attenuated and
neutrinos above 100 GeV encounter significant absorption effects iBuhe Hence, neutrino
searches are limited to an energy range below a few hundred GeV.

We assume that the annihilation rate in the Sun is regulated by the capture taéatment
for deviations from this equilibrium condition will be discussed in the nextisec In this study
we set the local halo density toDGeV/cm?, assumer., = 220 km/s as the velocity of the Sun
relative to the halo, and 270 km/s as the WIMP velocity dispersion. The veldisitstbution is
assumed to be Maxwellian.

Under the assumption of a neutrino energy detection threshdi§"o& 1 GeV, we compute
conversion factors for all three neutrino flavors and various annihilati@nnels. Figurg 1 shows
the obtained conversion factorsSP/q! is identical forv, andv; and the difference relative to
Ve is driven by differences in the injection spectrum and oscillations. Foreh&ino oscillation,
we used the parameters described in H¢f. [8fias=33.2° , 613=0°, B,3=45", 0 =0, Amg1 =
8.1 x 10-%eV? and |AmZ,| = 2.2 x 10-3eV2. The choice of these oscillation parameters is not
very sensitive to our calculation though. Motivated by stringent constifainm direct detection
experiments[]9], we assume that the spin-independent WIMP-nucless section is negligible,
oS! =0, and capture in the Sun is dominateddsP. Alternatively, one can use a neutrino flux
limit from the Sun to proberS'. For this condition in practice results are roughly two orders of
magnitude smaller compared&5° (see e.g. ref[[10]).

3. Treatment of uncertainties

In this section we discuss uncertainties related to the flux conversion. urarngertainty
treatment, we divide them in three different categories that are undededa each other: (1)
annihilation rate at equilibrium, (2) neutrino propagation, (3) neutrino tietec This grouping
simplifies the error treatment as they can be considered separately.

We first discuss the uncertainty on the annihilation rate at equilibrium, whidtivisrdby the
uncertainty on the capture rate. The impact of evaporation relevant fioMigMPs (~ 4 GeV) [11]
is not discussed here. The capture rate depends on the propertiesdafrkhmatter distribution
at the solar circlersc. The simplest dependence is on the dark matter density uncertainty given
by AT a/T'a = Appm/pom- The dependence on the velocity distributions is non-trivial. Fiflre 2
shows the change in capture rate for different parameters for a Mligawweelocity distribution,
which is often assumed but recently disfavored. We vary halo paranistedsout 10% as this at
is on the same as the common understanding of these parameters.

Deviations from a smooth halo profile at the solar circle through substeugtauld intro-
duce a time dependence on the strength of the neutrino flux from the SuwrdyNsimulations
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Figure 1: Flux conversion of the spin-dependent WIMP-nucleon sdatjerross section to the neutrino flux
at Earth from dark matter annihilations in the Sun under thriion that the annihilation rate is regulated
by the capture rate (equilibrium condition). We assumettaspin-independent WIMP-nucleon scattering
cross section is small as indicated by tide constraints fdimect detection experimentE [9]. Left: Flux
conversion for different neutrino flavors and a given arlation channellgb). Right: Flux conversion for
various annihilation channels for one election neutringdtu

disfavor any significant sub structurergt [[L3]. Small variations in the local dark matter density
and velocity distribution can generally be covered by the overall uncgrtainthe average dark
matter density and velocity distribution. We do not consider extreme scemneititosignificant
substructure, as for such cases it would be impossible to derive arsanvéctor without detailed
knowledge of solar substructure history.

Other uncertainties on the capture rate, which we did not include yet, lateddo the solar
composition and the impact of planets. The latter one would reduce the nefliisiriao a cross
section dependent way for WIMP masses above a few TelV [13].

While the equilibration time scale is typically short compared to the age of the Seaia
scenarios the Sun is not in equilibrium. In this case the annihilation rate wouédibeed and only
be a fraction of the maximal flux achieved at equilibrium. Based on a MSSM{{ffarameter scan
we determine the ratio of the expected flux compared to the maximal flux actaeegdilibrium.
While simple approximations exists that determine the equilibrium time scale we foandtth
vary wildly from the results obtained with the DarkSUSY scan. The aveftagéraction is shown
in figure [B. It can be seen that for the near future accessible paraspetee the equilibrium
condition is in general satisfied.

Neutrino propagation needs to include matter effects in the Sun, which inokaikations
as well as absorption and tau regeneration. Further, vacuum oscillagexdsto be considered on
the way from the Sun to the Earth. These effects have been discuseedheis [I5[ 16]. The
described oscillations effects are fully treated in DarkSUSY and theicided uncertainties are
generally small compared to the uncertainties associated to the annihilation rate.

The third independent component in the uncertainties associated with theoflugrsion is
related to the neutrino detection and detector site itself. It makes sense tateepit this com-
ponent as it strongly depends on the properties of the experiment. Sbaated uncertainties are
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Figure 3: Based on a MSSM-7 parameter scan
we determine the ratio of the expected flux com-
pared to that achieved at equilibrium, as function
of the self-annihilation cross section and WIMP-
nucleon scattering cross section.

Figure 2. Dependence of the capture rate on
halo parameters as function of the WIMP mass.
The velocity of the Sun relative to the halo

and the WIMP velocity dispersion get varied by
+10%. The velocity distribution is assumed to

be Maxwellian.

a combination of theoretical uncertainties such as the neutrino cross sediomll as the Earth
composition at the interaction point as well as long the neutrino path througtatkie (relevant for
oscillation effects in matter and muon propagation for the case of muon nex)tridetector related
effects for neutrino detectors such as ANTARES, IceCube, andr8gmeiokande, include uncer-
tainties due to light propagation and sensor efficiencies. Based onradgses, such uncertainties
typically sum up to about 20-25%.

4. Conclusions

We have studied the comparison of neutrino fluxes from the Sun with the spiendent
WIMP-nucleon cross section using DarkSUSY. We provide a proeefiurthe treatment of sys-
tematic uncertainties associated with the flux conversion and investigated thet imhplaese un-
certainties with a particular focus on the dark matter distributions. Uncertaimées evaluated
with respect to the neutrino flug), which are equivalent to the uncertainty to the conversion fac-
tor. However, the uncertainties do not necessarily apply if neutrinodlaxe compared to direct
detection rates, as some of them are correlated. For a more detailedidis@lsase see Ref JlL7].
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