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Abstract: New constraints on the scattering cross sections of the Kaluza Klein photon as a dark
matter candidate, its annihilation rate in the Sun and the resulting muon flux on Earth are derived.
For this purpose, data collected in the IceCube Neutrino Observatory during 532 days of exposure
in the austral winters between 2011 and 2014 have been analyzed with Poisson confidence intervals
(J. Conrad et al., 2003) and compared to the simulated prediction achieved with the WimpSim
software (J. Edsjö et al., 2003). The results do not allow for any detection claim, but they improve
by one order of magnitude the constraints formerly presented in R. Abbasi et al. (2010). Despite
the recent results from LHC experiment which discard lower masses for the Kaluza Klein photon
(N. Deutschmann et al., 2017), the new constraints are still relevant for masses above 1500 GeV.

I. INTRODUCTION

Many observations suggest the existence of Dark Mat-
ter (DM) as a key constituent of the universe. In the cur-
rent picture, DM is composed by non-relativistic Weakly
Interacting Massive Particles (WIMPs) of unknown na-
ture [1]. Several attempts have been realized in the past
to constrain the properties of WIMPs in general. In [2],
upper limits on annihilation rate in the Sun, the WIMP
- proton scattering cross sections and the resulting muon
flux on Earth from DM annihilation in the Sun were
presented for diverse annihilation channels using using
high energy neutrinos with solar direction detected in the
IceCube Neutrino Observatory. In [3], these constraints
were improved taking advantage of the increased area of
the detector. Similarly, in [4] the same data as in [2]
was used to put limits specifically to the Kaluza-Klein
photon (B1), the first excitation of the scalar gauge bo-
son in Kaluza-Klein theory [5, 6] with Universal Extra
Dimensions [7].

In this report an improvement on the constraints of B1

as a WIMP DM candidate taking advantage of the more
recent data from the Ice Cube Neutrino Observatory [3] is
presented. The method used here tries to follow the one
from [2] and [4] within the margin of possibility. In the
following section, the theoretical grounds for this work
are explained, in Section III the IceCube facility and data
selection process are briefly overviewed, in Section IV the
analysis method is thoroughly described, in Section V the
results are presented, and in Section V they are discussed
an compared with the ones from [4].

II. CONSTRAINING DM FROM
ANNIHILATIONS IN THE SUN

Like any other WIMP candidate, the B1 can poten-
tially scatter with nucleons through spin independent
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Channel ∆m = 0 ∆m = 0.14

νeνe, νµνµ, ντντ 0.012 0.014

e+e−, µ+µ−, τ+τ− 0.20 0.23

uu, cc, tt 0.11 0.077

dd, ss, bb 0.007 0.005

φφ 0.023 0.027

TABLE I. The branching ratios of the main annihilation chan-
nels of B1B1 → XX in terms of two values of the quark
splitting mass. The last channel corresponds to a Higgs -
anti-Higgs pair. Source: [11].

(SI) and spin dependent (SD) interactions, although it is
known from theory that the later is the dominant com-
ponent [7, 11]. Assuming a non-zero B1 - proton scat-
tering cross section, particles from the galactic DM halo
interact with the Sun [8, 9], loosing energy and becoming
trapped in closed orbits in the Solar System. Eventually,
after further scattering, they sink into the Sun’s core,
where they could accumulate and annihilate into parti-
cles belonging to the standard model. In TABLE I, the
theoretical branching ratios of the B1 self-annihilation
processes are shown in terms of the quark splitting mass:

∆m =
mq1 −mB1

mB1

(1)

where mq1 is the first fermion excitation in the Kaluza-
Klein theory within Universal Extra Dimensions and
mB1 the mass of the B1 particle. Among the final an-
nihilation products, only the weakly interacting neutri-
nos should be able to escape from the Sun and be de-
tected in neutrino observatories on Earth. Neutrinos re-
sulting from these annihilations are also expected to be
easily distinguishable from thermonuclear reaction prod-
ucts because the large assumed value of the B1 mass
(mB1 > 1450 GeV from collider experiments [10] and
mB1 <∼ TeV from DM relic density).

Considering that the described capture - annihilation
process should have been active for billions of years, the
capture and annihilation rates of B1 particles in the Sun,
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ΓC and ΓA, must have reached an equilibrium [11, 12]:

ΓA =
1

2
ΓC (2)

where the one half factor comes from the fact that one
annihilation requires two captured B1 particles. This
means that, as explained in [12], and assuming a particu-
lar velocity distribution for DM in the solar neighborhood
and a solar structure model, a direct relation between the
B1 - proton scattering cross sections σi (i = SI,SD) and
ΓA can be computed from simulations:

σi = λi (mB1) ΓA (3)

where λ (mB1) is a function of the B1 mass. At the same
time, neutrinos have to be numerically propagated from
the core of the Sun to a detector on Earth:

Φ = η (mB1) ΓA (4)

where Φ is the neutrino flux per unit of area and time
in the detector. Such neutrino propagation must also
take into account the solar structure model, neutrino in-
teractions processes with matter (such as absorption, re-
emission, decays of secondary particles into neutrinos,
etc.), neutrino oscillations and medium properties in the
detector.

III. THE ICECUBE EXPERIMENT

A. The IceCube Neutrino Observatory

The IceCube Neutrino Observatory is a neutrino tele-
scope located at the Geographic South Pole. As pre-
sented in [3], it currently consists of an array of 86 verti-
cal strings embedded in the antarctic ice with 60 Digital
Optical Modules (DOMs) each. Every string is separated
from one another by 175 m on average, while the inter-
DOM spacing is 17 m. The whole array lies between 1450
and 2450 m deep, and it is composed by two sub-arrays:
the main IceCube section consisting of the 78 outermost
strings with an energy threshold of Eν ∼ 100 GeV, and
the DeepCore section with 8 densely packed strings and
a threshold of Eν ∼ 10 GeV instead.

Inside of the detector or at its vicinity, in the event of a
neutrino - nucleon charged-current interaction, a lepton
and an hadronic cascade are produced. These charged
particles produce in their turn a blast of Cherenkov light
as they travel through the ice, which allows detection by
the neighboring DOMs. Since muons and antimuons are
the only produced leptons which travel a significant dis-
tance before decaying [13], they are also the ones that
better preserve the information on the directionality of
the original neutrinos in the form of consecutive DOM
detections that pinpoint its trajectory. Therefore, to con-
strain WIMP candidates from annihilations in the Sun,
only muon and antimuon events are considered. As an

FIG. 1. The combined muon and antimuon neutrino effective
area for both the DeepCore (blue) and main IceCube arrays
(red) for horizontally arriving neutrinos in terms of the muon
neutrino energy. Uncertainties are not shown, but they can
be as large as 30% (see TABLE II). Source: [3].

aside, and because the of detector itself being unable to
distinguish between them, from now on muon and an-
timuon events they will be counted together as muon
events when unspecified. The same is implied for other
quantities, such as muon flux or muon neutrino flux.

To predict how many of the passing muon neutrinos
will interact, the effective area of the detector, Aeff , is
defined as the equivalent geometric area a detector would
have if all crossing muon neutrinos were detected while
maintaining the same count in the end. Usually, Monte
Carlo simulations are performed to calculate this magni-
tude, where the detector is taken to be a small patch of
a bigger region bombarded by neutrinos. However, Aeff
is unique to every experiment, as different analyses will
have different efficiencies. As formulated in [14]:

Aeff = Agen
Ns
Ngen

(5)

where Agen is the total area where Ngen events are gen-
erated but only Ns are detected. In general, the effective
volume Veff is defined this way instead, but Aeff serves
as a good approximation since the third dimension is ir-
relevant for a flux of particles with a mean interaction
length larger than the third dimension of the detector.

In FIG. 1, the effective IceCube and DeepCore areas
for muon neutrinos Aeff are shown in terms of the muon
energy Eν for the case of horizontally arriving neutrinos,
the one we are interested in since the Sun is always close
to the horizon in the South Pole. For this analysis, both
curves are summed and the entire detector is treated as
one big array.
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B. Data selection

As thoroughly explained in [3], several filters are ap-
plied to the data sample to minimize the presence of back-
ground. Data is only taken into account if measured dur-
ing austral winters, when the Sun is below the horizon, in
order to avoid overlap with atmospheric muons originat-
ing from cosmic showers above the detector. Also for this
reason, only muons with upward trajectories are selected.
Still, atmospheric muon neutrinos created anywhere in
the world can cross the Earth without interacting and
reach the detector from below, contributing this way to
the noise. Without considering at first the angle with
respect of the Sun first in order to avoid bias, trajectory
reconstruction algorithms [16, 17] and trained Boosted
Decision Trees [18] are used to distinguish and filter out
atmospheric muon neutrinos. Even after this treatment,
background with the same energy and directionality as
signal is expected. This Background expectancy it is cal-
culated through Monte Carlo simulations or extrapolat-
ing data obtained looking away from the Sun.

The data set from [3] was obtained during 532 days of
exposure between May 2001 and May 2014.

IV. ANALYSIS METHOD

A. Calculating magnitudes from data

Using the WimpSim software ([19] and references
therein), one million annihilation events at the core of
the Sun and their propagation to a detector in the ice at
latitude 90◦ S on Earth during the austral winter have
been simulated for different assumed values of mB1 . It
is important to note that the simulations themselves do
not include any information on the capture conditions or
ΓA, but they do require a solar structure model as an
input for the propagation of neutrinos, in this case the
one from [20]. The simulation results give yields for di-
verse neutrino and muon fluxes. In FIG. 2, the energy
distribution of the muon and antimuon neutrino fluxes
per unit of area A, number of annihilation’s in the sun
NA and reduced energy z = Eν/mB1 at the detector:

dΨν

dz
=

dNν
dAdNAdz

(6)

is shown in terms of z for various values of mB1 . An
extra peak at the end of the spectra produced by neu-
trinos that escape the Sun without interacting has been
omitted from the plots for the sake of legibility, but it is
still considered in the calculations. As expected, it can
be seen that heavier B1 particles produce faster decay-
ing profiles in energy because of the higher neutrino -
nucleon cross sections. The convolution of those spectra
with Aeff (Eν) from FIG. 1 results in a prediction of the

FIG. 2. Predicted energy spectra of the simulated muon neu-
trinos (solid lines) and antimuon neutrinos (dashed lines) at
the detector for three different values of mB1 . Please note
the normalization of the energy units. An extra peak at the
end of the spectra produced by neutrinos that escape the Sun
without interacting has been omitted from the plots for the
sake of legibility, but it is still considered in the calculations.
Achieved with WimpSim [19].

FIG. 3. The expected number of detection per annihilation
given a mass for B1 with the effective area from 2011− 2014
(red, see FIG. 1) and with the one from 2007 (dashed blue,
see FIG. 2 from [4]). Dots represent the actual calculation
from the WimpSim simulations results, while lines are just a
linear interpolation to guide the reader.

number of detections µs per number of annihilation NA

dµs
dNA

=

∫ 1

0

dΨν

dz
Aeff (z) dz (7)

In FIG. 3, this quantity is plotted in terms of mB1 . The
higher sensibility of the detector to higher energy neutri-
nos can be easily appreciated.

The predicted signal (7) can be compared with the
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actual observed signal rate to compute ΓA:

dµs
dt

=
dNA
dt

dµs
dNA

= ΓA
dµs
dNA

(8)

ΓA is used to calculate the B1 - proton scattering cross
sections through equation (3). The conversion factors
λ (mB1) are tabulated in the DarkSUSY software ([21]
and references therein), and include the information on
the solar structure and the DM velocity distribution in
the solar neighbourhood [12, 20].

WimpSim output data also wields muon fluxes at the
detector:

dΨµ

dz
=

dNµ
dAdNAdz

(9)

where Nµ represents the total amount of created muons
in the ice. If convoluted with the energy it can be used
to calculate the mean muon energy 〈Eµ〉:

〈Eµ〉 = mB1

∫ 1

0

dΨµ

dz
zdz (10)

and to find the proper muon flux per unit of area and
time at the detector

Φµ = ΓAΨµ (11)

B. Measuring the signal

The amount of detected events per unit of time can be
estimated as:

dµs
dt
' µs

τ
(12)

where τ is the total exposure time, of 532 days in our case.
As it has been put forward in the previous section, this
quantity is essential to get ΓA and other relevant phys-
ical quantities. However, no evident deviation from the
expected background signal µb is immediately observed
(see FIG. 5), so a confidence interval construction algo-
rithm is needed to find how much signal could be hidden
within the total amount of detections N . In particular,
Poisson confidence intervals calculated with the Neyman
method have been used. The reader is refereed to [22] for
an exhaustive review of the base algorithm and to [23] for
its implementation with the inclusion of uncertainties on
µb. Here, only a short overview will be put forward.

Given a Poisson distribution with background ex-
pectancy µb and a signal µs, the probability of observing
k events is:

p (k)µs+µb
= e−(µs+µb) (µs + µb)

k

k!
(13)

The intention is to construct the range of acceptable val-
ues of µs ∈ (s1, s2) in which the probability of getting the
actually observed value of k = N is larger than a 10%,

mB1 (GeV) % of Veff (2011-2014) % of Veff (2007)

25 34 -

50 29 -

75 26 30

100 24 29

250 18 26

500 15 24

700 13 23

900 13 22

1100 12 22

1500 11 21

3000 10 19

4000 10 19

5000 9 18

TABLE II. Uncertainties of the effective volume of the detec-
tor at each energy for the period between 2011 and 2014 [3]
and for the austral winter of 2007 [2]. Dashed lines represent
no sensibility to the corresponding mB1 .

or within a margin of confidence of α = 0.9, with some
extra conditions to assent the uniqueness of the interval
(s1, s2) which depend on the particular algorithm. The
uncertainties on µb are both Gaussian due to the statis-
tical nature of the background (∆µb =

√
µb) and system-

atic due to the lack of complete knowledge of the opti-
cal properties of the ice where the DOMs are embedded
[24, 25]. These latter uncertainties are shown in TABLE
II for each value of mB1 as the margin error for Veff . The
resulting confidence interval (s1, s2) has different values
at every mB1 not only due to the variability of systematic
uncertainties but also because because of different angu-
lar resolutions. Higher energy muon events preserve more
information on the directionality of the original neutrino
than lower energy ones. In FIG. 4 the median angu-
lar resolution Θ for each mB1 is shown, which has been
computed from the median muon neutrino energy at ev-
ery mB1 and the corresponding mean angular separation
between the original neutrino and produced muon trajec-
tories (see [3] for the explicit relationship). Θ is used to
spread the predicted signal (7) across a 2D Gaussian dis-
tribution centered around the Sun on the celestial sphere:

dµs
dNAdψ

=
dµs
dNA

C

Θ2
e−ψ

2/2Θ2

sinψ (14)

where ψ is the angle from the Sun, being the Sun at ψ =
0, and C a normalization constant. This is done to know
how large is the solid angle area around the Sun where the
Poisson confidence interval algorithm has to be applied,
which is considered to be the one within the three sigma
region of distribution (14). Lower mB1 present worse Θ
and therefore have significant signal prediction at higher
ψ than higher mB1 according to (14), resulting in larger
(s1, s2) intervals (see FIGs 4 and 5).

With this, the whole numerical method of this work
has been fully exposed. However, this is only the ideal
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FIG. 4. Graph of the median angular resolution at each mass
of the B1 in the conditions of the IceCube facility between
2011 and 2014 (red) and in 2007 (dashed blue). The bump at
mB1 = 100 GeV in the former is due to the transition from
DeepCore resolution to main IceCube resolution [3].

procedure. Since for this work the original data from [3]
is not accessible, it has been read from the plots shown
in the reference instead (Fig. 6 from [3]). Therefore the
Poisson confidence intervals are applied only the region
shown in FIG. 5, and then extrapolated to include the
rest of the distribution (14) until the three sigma cumu-
lative probability is achieved. Given a constant back-
ground, the extracted (s1, s2) should be the same.

V. RESULTS

In Table III the results are shown for mB1 = 25, 50,
75, 100, 250, 500, 700, 900, 1100, 1500, 3000, 4000 and
5000 GeV for the channel in which ∆m = 0 (see TABLE
I). For all the masses s1 = 0, which implies no confirmed
detection, and µs has been equated to s2. Therefore,
just like in previous works [2–4], this means that all the
given values of µs are only upper limits or constraints.
The upper limits on all the other quantities are obtained
as well following the steps presented in the first half of
Section IV. In FIG. 5, the dispersion of three times the
maximum signal µs is shown in bins of cosψ along with
the expected background and the actual detections. It
is made now explicit that a larger mB1 implies a pre-
dicted signal more concentrated around cosψ = 1. This
translates, however, into extremely larger values of µs
for lower mB1 , since they still present significant con-
tributions to signal for small values of cosψ. The same
happens for ΓA and Φµ while the B1 - proton scattering
cross sections show a minimum at intermediate masses
and increase very abruptly towards higher masses be-
cause of their dependence on the factors λi (mB1). It is
also made apparent how σSD dominates over σSI by a

FIG. 5. The expected background (dark blue line) within the
range of maximum systematic uncertainty shown in TABLE II
(∼ 20%), the actual detected events at every angular bin (red
dots) and the dispersion of the expected signal for some values
of mB1 (light blue, orange and green). Please note that the
signal distribution has been multiplied by three in the plot for
the sake of legibility. Expected background and events from
[3], distribution calculated from WimpSim results.

FIG. 6. Plot showing the dependence of the muon flux upper
limit on the B1 mass for the analysis made with the 2011-
2014 data sample with the current IceCube characteristics
(red), the analysis made with the data sample and IceCube
characteristics from 2007 (dashed blue), and the actual re-
sults presented in [4] (dashed green). The pink filled region
corresponds to B1 masses discarded by collider experiments
[10].

factor of two orders of magnitude at lower mB1 and three
at higher mB1 . Plots of Φµ and σSD in terms of mB1 are
shown inf FIGs 6 and 7. If compared with the results
presented in [4] and shown in the same figures as dashed
green lines, it can be seen that the constraints have been
improved up to one entire order of magnitude.
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FIG. 7. The dependence of the spin dependent B1 - pro-
ton scatter cross section upper limit on the B1 mass for the
analysis made with the 2011-2014 data sample with the cur-
rent IceCube characteristics (red), the analysis made with the
data sample and IceCube characteristics from 2007 (dashed
blue), and the actual results presented in [4] (dashed green).
The pink filled region corresponds to B1 masses discarded by
collider experiments [10].

VI. DISCUSSION

It has already been stated that the B1 particle must
have a mass of 1450 GeV< mB1 <∼ TeV. However in this
report results outside of this range are shown for the sake
of completion. The regions shaded in pink in FIGs 6 and
7 represent ’forbidden’ values of mB1 discarded by the
failure of observing the B1 particle in LHC experiments
[10]. The still permitted values of mB1 show convergence
in the fluxes on Earth, but an increase on the value of
the cross sections.

Several simplifying assumptions have been made to get
the presented results. As there is uncertainty in Veff ,
there is also uncertainty in Aeff , which has been ignored
when performing the integral (7). Uncertainties on the
solar structure model and DM velocity distribution are
also ignored. This is done because the systematic un-
certainties in the background expectancy already include
the uncertainties from the detector, and because the sta-
tistical uncertainty is larger than any uncertainty on the
predicted fluxes. However, if taken into account, they
could potentially rise the achieved constraints. Another
approximation is to assign the median angular resolution
Θ in a mB1 to all the predicted signal events. This is
not fully accurate, since the energy of the arriving neu-
trinos actually has a very large dispersion as evidenced
in FIG. 2. It would be more correct to superpose sev-
eral Gaussian distributions with different normalization
factors according to the energy distribution of the pre-
dicted signal instead of (14). This would result in a more
extended distribution but with a stronger peak at the
center. It is left to see if this would actually rise or lower

FIG. 8. The expected background (dark blue line) within
the range of maximum systematic uncertainty shown in TA-
BLE II (∼ 25%), the actual detected events at every angular
bin (red dots) and the dispersion of the expected signals for
some values of mB1 (light blue, orange and green). Expected
background and events from [3], distribution calculated from
WimpSim results.

the upper limit µs for each individual case. Perhaps an
important source of error for lower values of mB1 is that
for this work only the seven bins of data shown in FIG. 5
were available, making necessary to extrapolate the max-
imum signal outside of the data again according to the
distribution (14). For this extrapolation the expected
background is assumed constant, which is a reasonable
assumption, but a constant detected events distribution
in ψ is also assumed, which is not necessarily true, es-
pecially since we are looking for a signal concentrated
around cosψ = 1.

To estimate the effectiveness of the method used here,
the results of [4] have been attempted to be reproduced
following the exact same procedure, but with the obser-
vations taken during 104 days in the austral winter of
2007 with the characteristics of the IceCube facility at
that time, when the IceCube Neutrino Observatory ar-
ray consisted only in 22 strings [2]. The results of this
test are presented as the dashed blue curves in FIGs 2,
4, 6 and 7. In FIG. 4, the older values of Θ are better at
lower mB1 because the detector was less sensible to lower
energy neutrinos back then, decreasing its median value.
The systematic uncertainties on Veff of the detector at
2007 are also shown in the third column of TABLE II, and
in FIG. 8 the angular dispersion of the predicted signal
limit along cosψ with expected background and actual
detections are also shown for the older experiment. As
it can be seen by comparing FIGs 5 and 8, the maximal
signal in the older case is larger relative to the back-
ground expectancy than with the newer data. This is
to be expected because in probabilistic experiments with
smaller samples the results present a larger spread from
the expected values.
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Applying the same method to the older data set pre-
dicts higher limits than the ones presented in [4] by one
order of magnitude in some cases. The difference comes
from the determination of the upper limit of µs, and sub-
sequently ΓA and the other quantities that depend on it.
This is a consequence of the Poisson confidence intervals
statistical method used here being less refined than the
one applied in [4]. Nevertheless, due to the expansion of
the detector between 2007 and 2011, the new constraints
have been improved by an order of magnitude. This also
shows that there is room for better constraints that could
potentially reduce the new limits by another extra order
of magnitude.

As a last remark, in the literature, along with the data
given in TABLE III, usually the mean effective area, the
mean effective volume and the mean muon production
rate in the ice are given for each value of mB1 . However,
to compute them it is needed to access the data set of
simulation results from the IceCube Collaboration and
apply expression (5) as a first step, something which is
not available during the writing of this report.

VII. SUMMARY

In this report, new and better constraints are set to the
observable properties of the B1 photon as a DM candi-
date from high energy neutrinos with solar directionality,
using the most recent results from the IceCube Neutrino
Observatory. The achieved results represent an improve-
ment by one order of magnitude with respect to the ones
presented in [4] and are still relevant for mB1 > 1450

GeV, the region that has not been explored yet by LHC
experiments. However, the method presented in this
work could not reproduce previous IceCube results from
2007, since there has been no access to the full event in-
formation needed to perform a complex statistical anal-
ysis. This proves that there is a lot of room to refine
further the data analysis. If anything, this makes appar-
ent that the improvement of the IceCube facility is very
significant, since with a less refined statistical method to
get the limit on the observed signal the constraints are
still greatly improved. Therefore, further updates on the
IceCube Neutrino Observatory and further analysis by
other teams are expected to improve on this work.

As for the detection of WIMPS, no claim can be made
with this report. The new constraints of the B1 pho-
ton are still reasonable for a WIMP particle, despite the
fact that the results from [10] push its acceptable mass
towards the higher end. The hope is that further im-
provements in neutrino observatories on Earth and larger
times of exposure help to finally resolve the signal from
within the background, if there is any.
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mB1 µs ΓA Φµ σSI σSD Θ 〈Eµ〉
(GeV) (ann· s−1) (km−2y−2) (cm2) (cm2) (◦) (GeV)

25 907.6 8.3 · 1024 2.0 · 104 5.1 · 10−41 6.0 · 10−39 ±18.1 6.8

50 186.7 1.3 · 1023 1.1 · 103 1.4 · 10−42 2.8 · 10−40 ±7.5 13.3

75 111.8 2.0 · 1022 3.5 · 102 3.4 · 10−43 9.3 · 10−41 ±5.1 19.3

100 114.0 8.6 · 1021 2.5 · 102 2.0 · 10−43 6.7 · 10−41 ±5.3 25.8

250 80.5 8.9 · 1020 98 7.1 · 10−44 4.03 · 10−41 ±3.6 54.7

500 73.1 3.5 · 1020 76 8.3 · 10−44 6.3 · 10−41 ±2.9 88.0

700 72.16 2.7 · 1020 73 1.1 · 10−43 9.4 · 10−41 ±2.7 107.6

900 71.77 2.4 · 1020 71 1.6 · 10−43 1.4 · 10−40 ±2.6 117.1

1100 71.5 2.2 · 1020 71 2.1 · 10−43 1.9 · 10−40 ±2.5 126.9

1500 71.4 2.0 · 1020 71 3.4 · 10−43 3.2 · 10−40 ±2.4 135.1

3000 71.3 1.8 · 1020 70 1.2 · 10−42 1.1 · 10−39 ±2.4 148.3

4000 71.2 1.8 · 1020 70 2.0 · 10−42 2.0 · 10−39 ±2.3 150.3

5000 71.2 1.8 · 1020 71 3.1 · 10−42 3.1 · 10−39 ±2.4 151.5

TABLE III. Table with the upper limits of signal, the annihilation rate in the Sun, the muon flux at the detector, the spin
independent and spin dependent B1 - proton cross sections, the median angular resolution, and the muon mean energy in terms
of the B1 mass.
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