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The deployment of DeepCore array significantly lowers IceCube’s energy threshold to about 10

GeV and enhances the sensitivity of detecting neutrinos from annihilations and decays of light

dark matter. To match this experimental development, we provide a complete analysis of track

and cascade event rates in DeepCore array due to neutrino fluxproduced by annihilations and

decays of galactic dark matter. We also calculate the background event rates due to atmospheric

neutrino flux for evaluating the sensitivity of DeepCore array to galactic dark matter signatures.

Unlike previous approaches, which set the energy thresholdfor track and cascade events at around

50 GeV (this choice makes the estimation of atmospheric background event rate much simpler,

i.e., the oscillation effect in atmospheric neutrino flux can be neglected), we have set the energy

threshold at 10 GeV to take the full advantage of DeepCore array. We compare our calculated

sensitivity with those obtained by setting a 50 GeV threshold energy. We conclude that our choice

of threshold energy significantly improves the sensitivityto dark matter signature for WIMP mass

below 100 GeV.
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1. Introduction

The installation of DeepCore array significantly improves the rejection of downward going
atmospheric muons in IceCube and lowers the threshold energy for detecting muon track or cascade
events to about 5 GeV. These improvements enhance the sensitivity as well as enlarge the energy
window for observing neutrinos from dark matter (DM) annihilations or decays in the galactic
halo. To match this experimental development, we first calculate the neutrino fluxes from WIMP
annihilations and decays in the galactic halo. We then calculate the atmospheric neutrino fluxes
from all zenith angles withEν ≥ 10 GeV. The oscillations betweenνµ andντ are taken into account.
We next calculate both track and cascade event rates for evaluating the sensitivity of DeepCore
array to neutrino flux arising from WIMP annihilations or decays in the galactic halo. Finally, We
compare our results with those obtained by settingEth

µ = 50 GeV.

2. Analysis and Results

The differential neutrino flux from the galactic dark matterhalo for neutrino flavori can be
written as [1]

dΦνi

dEνi

=
∆Ω
4π

〈συ〉
2m2

χ

(

∑
F

BF
dNF

νi

dE

)

R⊙ρ2
⊙×J2(∆Ω) (2.1)

for the case of annihilating DM, and
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)

R⊙ρ⊙×J1(∆Ω) (2.2)

for the case of decaying DM, where〈συ〉 is the thermally averaged annihilation cross section,τχ

is the DM decay time , andJn(∆Ω) is the DM distribution integrated over the line-of-sight (l.o.s)
and averaged over a solid angle∆Ω = 2π(1−cosψmax). Here we use Navarro-Frenk-White (NFW)
DM density profile [2] to calculateJn(∆Ω). After that, we employ neutrino flavor oscillation prob-
abilities in the tribimaximal limit of neutrino mixing angles to get the neutrino fluxes on Earth from
those at the source.

Knowing atmospheric neutrino background is important for evaluating the sensitivity of Deep-
Core array to neutrino flux from DM annihilations or decays. We follow the approaches in Ref. [3]
to compute the intrinsic atmospheric neutrino fluxes. We findthat the angle-averaged atmospheric
muon neutrino flux obtained by our calculation agrees well with AMANDA-II results [4]. Subse-
quently, we can calculate the atmospheric neutrino fluxes taking into account neutrino oscillations.

In IceCube DeepCore, the track event rate for contained muons is given by

Γµ =

∫ Emax

Eth
µ

dEµ

∫ Emax

Eµ
dEνµ NAρiceVtr ×

dΦνµ

dEνµ

·
dσCC

νN (Eνµ ,Eµ)

dEµ
+(ν → ν), (2.3)

while the cascade event rate is given by

Γcasc=

∫ Emax

Eth
sh

dEsh

∫ Emax

Esh

dEνNAρiceVcasc×
dΦν

dEν
·
dσνN(Eν ,Esh)

dEsh
+(ν → ν), (2.4)
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Figure 1: The required DM annihilation cross section(χχ → µ+µ−) as a function ofmχ such that the
neutrino signature from DM annihilations can be detected atthe 2σ significance in five years for track
events. Results corresponding to differentψmax are presented. For comparison, we also show the result with
Eth

µ = 50 GeV andψmax = 10◦ [1].
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Figure 2: The required DM decay time(χ → µ+µ−) as a function ofmχ such that the neutrino signature
from DM decays can be detected at the 2σ significance in five years for track events. For comparison, we
also show the result withEth

µ = 50 GeV andψmax = 50◦ [1].
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Figure 3: The required DM annihilation cross section(χχ → µ+µ−) as a function ofmχ such that the
neutrino signature from DM annihilations can be detected atthe 2σ significance in five years for track and
cascade events.
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whereVtr ≈ 0.04km3 is the effective volume of IceCube DeepCore array for muon track events and
Vcasc≈ 0.02km3 is that for cascade events.

Here we take the leptophilic model with DM predominantly annihilates intoµ+µ− for illus-
tration. By computing the track event rates, we present in Fig. 1 the required DM annihilation cross
section as a function ofmχ with a low threshold energyEth

µ = 10 GeV for different cone half-angle
ψmax such that the neutrino signature from DM annihilations can be detected at the 2σ significance
in five years. Non-detection of such a signature would then exclude the parameter region above the
curve. The result of DM decays is shown in Fig. 2. Non-detection of DM decay signature would
then exclude the parameter region below the curve. For details, see Ref. [4].

In Fig. 3, we compare the DM annihilation constraints given by cascade events and track
events. We note thatνµ is the dominant flavor of atmospheric neutrinos above few tens of GeV and
the neutrino-nucleon cross section are almost the same for all flavors. Therefore, comparing with
the result of track events, the signal to background ratio isenhanced in cascade events becauseνµ

only produces the cascade events through the neutral-current interaction, which is lower in cross
section than that of charged-current interaction. This is why cascade events in general provide
stronger constraints on DM annihilation cross section thanthat given by track events. However,
we can see in Fig. 3 that the curve of track events forψmax = 2◦ is close to that of cascade events.
In other words, for DM annihilations, the sensitivity of track events for sufficiently small cone
half-angle could be comparable to the sensitivity of cascade events.

3. Summary

We employ NFW DM profile and leptophilic DM model to calculatethe track and cascade
event rates in IceCube DeepCore caused by neutrino fluxes from DM annihilations and decays in
the galactic halo. In addition, we also take into account neutrino oscillations and calculate the event
rates due to atmospheric neutrino flux.

For track events, we compare our calculated sensitivity based uponEth
µ = 10 GeV with those

obtained by takingEth
µ = 50 GeV and conclude that our choice ofEth

µ = 10 GeV significantly
improves the sensitivity to DM signature formχ < 100 GeV in the annihilation channel andmχ <

300 GeV in the decay channel. On the other hand, cascade events provide stronger constraints on
DM annihilation cross section and DM decay time than the corresponding constraints provided by
track events with the same threshold energy. The sensitivity of track events to DM annihilation
cross section could be comparable to that of cascade events provided the cone half-angle taken for
track events is sufficiently small.
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