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1. Astrophysical Neutrinos and IceCube

Neutrinos are regarded as excellent astrophysical messenger particles as their propagation is not
disturbed by magnetic fields inducing deflections or attenuated from interactions with the baryonic
matter due to their neutral electric charge and weak interactions. The observed astrophysical
neutrinos can reveal the locations where they were produced in the Universe. This allows the
high-energy astrophysical neutrinos to be used further to probe the interior of dense and extreme
environments of the Universe, which are believed to produce the high-energy neutrinos, such as
flaring blazars, galaxies with active galactic nuclei, etc.

The IceCube Neutrino Telescope [1] is the world’s largest neutrino detector located at the
geographic South Pole. The telescope utilises one cubic-kilometre volume of the ultra-pure Antarc-
tic ice at depths between 1450 m and 2450 m as detector medium. This giga-ton scale in-ice
detector is equipped with 5,160 Digital Optical Modules (DOMs), and each DOM instruments
a single downward-facing 10-inch photomultiplier tube (PMT) within a pressure-resistant glass
sphere. These PMTs can observe the Cherenkov radiation emitted by relativistic charged particles
created by neutrino interactions in the detector medium.

Since the first result for the observation of extraterrestrial neutrinos in 2013 [2], the observatory
has identified multiple high-energy astrophysical neutrino sources as of now: the known gamma-ray
blazar, TXS 0506+056 in 2018 [3, 4], the nearby active galaxy, NGC 1068 in 2022 [5], and the
Galactic Plane of the Milky Way galaxy in 2023 [6]. Following the observation of high-energy
astrophysical neutrinos, IceCube keeps accumulating larger and larger astrophysical neutrino data
and source locations, which allows explorations for new physical phenomena including the effects
of neutrino propagation from interactions occurring on their journeys through the cosmos.

2. Neutrino Rare Interactions

The properties of neutrinos are less well understood than those of other fundamental particles
in the Standard Model (SM) of particle physics. Nevertheless, it also means neutrinos can be
used as a probe for physics Beyond the Standard Model (BSM) by connecting the known and
unknown sectors. In particular, there could be new interactions of neutrinos that are introduced
by BSM models motivated to resolve the issues and tensions in astrophysical observations and
Cosmology [7–9]. Given the cosmological baseline from sources producing the high-energy
astrophysical neutrinos, the BSM interactions can result in significant effects as they are integrated
for the travelling of astrophysical neutrinos. To draw conclusions for these rare neutrino interactions
with the IceCube high-energy astrophysical neutrino data, there are diverse approaches proposed
considering the models such as the neutrino self-interactions with cosmic neutrino backgrounds
(𝐶𝜈𝐵) [10], or the long-range flavoured interactions with cosmological electron repositories [11].

From the models where the new interaction cross-section scales with neutrino energy, the
interactions in the present Universe can dissipate the high-energy astrophysical neutrinos in propa-
gation and lead to the suppression of astrophysical neutrino flux at Earth that could be observed by
neutrino telescopes such as IceCube. In this proceeding, the interactions between neutrino and Dark
Matter (DM) introducing the distortion of high-energy astrophysical neutrino spectra at Earth are
considered as benchmark test cases. The details of 𝜈-DM interactions are discussed in Section 2.1.
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2.1 Interaction between Neutrino and Dark Matter

The existence and the nature of DM is one of the most pressing unsolved problems in physics
today. The conventional indirect experimental efforts to search for signals from DM largely focus
on the products of DM annihilation or DM decay. However, the existence of the DM annihilation
process producing SM particles as its final products implies the existence of the elastic scattering
process between DM and SM particles. Moreover, the scattering of DM and neutrinos, assuming
light DM mass which can produce a large number density of DM particles all over the universe,
increases the opportunities of finding the interaction.

To search for the interaction of neutrinos and DM, complementary experimental approaches
are proposed to use the large-statistic dataset observed by neutrino telescopes. One of the ap-
proaches utilised the diffuse astrophysical neutrino flux, which appears consistent with an isotropic
distribution at the highest energies, by considering the cosmological DM and DM halo of the Milky
Way galaxy that leads to larger flux attenuation at or nearby the Galactic Centre [12]. The study
used the public data from IceCube High Energy Starting Event (HESE) selection [13] to test several
interaction models, and the same method was applied in a full IceCube analysis [14]. There is
another approach proposed in [15] to use neutrinos from distant neutrino point sources, which
showed competitive bounds can be obtained by using the public event and its source information
from IC170922A [3] with consideration of the flux attenuation from the cosmological DM and DM
halo of the Milky Way galaxy for travelling of neutrinos to the Earth. This analysis is motivated by
the study whereby the neutrino flux from a distant point source is expected to undergo interactions
with DM in propagation over cosmological distance, which leads to flux suppression at the Earth.

The previous studies solely considered the cosmological DM and the Milky Way DM halo, but
this analysis includes Dark Matter in the vicinity of an astrophysical neutrino source as well. The
detailed description of DM contributions considered in this analysis can be found in Section 3.1.
Furthermore, this analysis is designed to use the full IceCube data described in Section 3.4 to study
the spectra distortion from interactions with the statistical analysis method delineated in Section 3.5.

3. Analysis with a benchmark model

A statistical analysis method is used to perform the hypothesis test to compare the Null hypoth-
esis and the BSM alternative. The Null hypothesis expects that there exists a point source, resulting
in 𝑛𝑠 signal events in the IceCube’s observed data, whose neutrino spectrum is consistent with
standard astrophysical neutrino source expectations, such as single power-law, broken power-law,
spectral cut-off, etc [16]. However, the BSM alternative expects BSM effects to be superimposed
on the standard astrophysical spectrum defined in the Null hypothesis. Therefore, both hypotheses
agree to assume the excess of neutrino signal events over the background events at the location of a
source in the sky, but they expect different shapes of the neutrino spectrum observed by IceCube.

As given in Section 2, this analysis considers the 𝜈-DM interaction as the BSM hypothesis.
Letting the other spectral shapes considered as part of systematic effects, the Null hypothesis
employs a single power-law function to describe the neutrino flux with the energy of neutrinos 𝐸𝜈 ,
the spectral index 𝛾, and the flux normalisation at 100 GeV of neutrino energy Φ0:

Φ = Φ0

(
𝐸𝜈

100 GeV

)−𝛾
. (1)
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3.1 Dark Matter contributions to the interaction

The evolution of neutrino flux Φ from a source due to the interactions between neutrino and
Dark Matter can be described by the Boltzmann equation with the total cross-section 𝜎𝜈𝜒 and the
differential cross-section 𝑑𝜎𝜈𝜒

𝑑𝐸𝜈
which are the functions of neutrino energy 𝐸𝜈:

𝑑Φ

𝑑𝜏
= −𝜎𝜈𝜒 (𝐸𝜈)Φ +

∫ ∞

𝐸𝜈

𝑑𝐸 ′
𝜈

𝑑𝜎𝜈𝜒

𝑑𝐸𝜈

(𝐸 ′
𝜈 → 𝐸𝜈)Φ, (2)

where 𝜏 is the DM column density that describes the amount of DM particles along the line of
sight (𝑙.𝑜.𝑠) to a source. In detail, the first term on the right-hand side of Equation 2 gives the
general attenuation of the initial flux, and the second term describes the re-distribution of neutrino
energies after the scattering. DM column density, 𝜏, is derived from 𝜏 = Σ𝐷𝑀/𝑚𝐷𝑀 which is
the ratio between the mass of DM particle, 𝑚𝐷𝑀 , and the accumulated DM mass along l.o.s.,
Σ𝐷𝑀 =

∫
𝑙.𝑜.𝑠.

𝜌𝜒 (𝑟)𝑑𝑟 . Here, DM mass density at a position 𝑟 is given as 𝜌𝜒 (𝑟).
Considering Dark Matter distributions along l.o.s to a source, the contributions to the DM

column density can be separated into three components. One is the distribution of DM within our
Milky Way galaxy that is described by the DM mass density profile 𝜌𝑔𝑎𝑙𝑎𝑐𝑡𝑖𝑐 (x). Another one is
DM in the intergalactic free space with the density 𝜌𝑐𝑜𝑠𝑚𝑜𝑙𝑜𝑔𝑖𝑐𝑎𝑙 (𝑧) that can be calculated from the
cosmological constants and the distance between the Earth and a source. And the last one is the
DM in the vicinity of a source producing high-energy astrophysical neutrinos, which is profiled as
𝜌𝑠𝑜𝑢𝑟𝑐𝑒 (r). The total DM mass along l.o.s is the sum of three integrated densities described as

Σ𝐷𝑀 =

∫
𝑙.𝑜.𝑠.

𝜌𝑔𝑎𝑙𝑎𝑐𝑡𝑖𝑐 (x)𝑑𝑙 +
∫
𝑙.𝑜.𝑠.

𝜌𝑐𝑜𝑠𝑚𝑜𝑙𝑜𝑔𝑖𝑐𝑎𝑙 (𝑧)𝑑𝑙 +
∫
𝑙.𝑜.𝑠.

𝜌𝑠𝑜𝑢𝑟𝑐𝑒 (𝑟)𝑑𝑙. (3)

In this analysis, the standard Navarro-Frank-White (NFW) profile [17] is chosen to describe the con-
tribution from the galactic DM halo [18], and the cosmological constants from Planck 2018 data [19]
are used to calculate the cosmological DM contribution from the redshift of each source [20]. Also,
the DM spike density profile with the standard NFW profile is adopted to estimate the DM distri-
bution surrounding a source galaxy with a supermassive black hole (SMBH) as its core [21].

3.2 Benchmark Model as signals

To develop an analysis framework, two benchmark spectra are prepared as shown in Figure 1;
the blue line shows the Null hypothesis spectrum whereas the orange line displays the spectrum of
the BSM alternative where the outstanding ’dip’ feature exists around 100 TeV.

For the BSM hypothesis, a model of the interaction between the scalar DM particles and
neutrinos mediated via new vector particles (𝑍 ′) is assumed. The model was introduced in [22]
and an example diffuse spectrum from the model was presented in [23]. This analysis converts
the example spectrum to the BSM benchmark case in Figure 1 by restricting the solid angle to
a point-like source in the sky. According to the presentation [23], the 𝜈-DM interaction whose
cross-section scales with neutrino energy but approximately flattens at the highest energies creates
the ’dip’ signature from the evolution of flux. The initial spectral index of the flux and the flux
normalisation at 100 GeV are given as 𝛾 = 2.3 and Φ0 = 9× 10−12 GeV1cm−2s−1 respectively. The
mass of the Dark Matter particle, the mass of the mediator particle, and the interaction coupling are
set to be 𝑚𝜒 = 0.3 eV, 𝑚𝑍 ′ = 10 MeV, 𝑔 = 5.8 × 10−3 respectively.
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Figure 1: Benchmark neutrino spectra from a point source at Earth Benchmark spectra with and
without the 𝜈-DM interactions are shown. The blue line is a single power-law spectrum with 𝛾 = 2.3 and
Φ0 = 9× 10−12 GeV1cm−2s−1 that corresponds to the Null hypothesis. The orange line is basically the same
single power-law spectrum but has the ’dip’ shape around 100 TeV as an interaction signature the interaction
with assumptions of 𝑚𝜒 = 0.3 eV, 𝑚𝑍 ′ = 10 MeV, 𝑔 = 5.8 × 10−3 that corresponds to the BSM hypothesis.

The Null hypothesis flux shares 𝛾 and Φ0 with the BSM flux, but it is just extrapolated to higher
energies with the single power-law in Equation 1. As expected, there is no interaction signature
over all energies.

3.3 Backgrounds

Backgrounds for this analysis consist of atmospheric neutrinos and diffuse astrophysical neu-
trinos. Even though both conventional atmospheric neutrinos and prompt atmospheric neutrinos
contribute to backgrounds, the total atmospheric neutrino flux is considered uniform in right as-
cension. Besides the astrophysical neutrino flux from a source, the flux of diffuse astrophysical
neutrinos originating from the other region of the Universe away from the source location is ex-
pected to be isotropic and thus uniform in right ascension. Under these expectations, the right
ascension of observed data is replaced with random numbers between 0◦ and 360◦ to estimate the
background event distribution, called the event scrambling method. Contribution from atmospheric
muons is considered negligible as the analysis focuses on the Northern sky (see Section 3.4).

3.4 Data Sample

Since all of the IceCube-identified astrophysical neutrino point sources are located in the
Northern sky, and the analysis requires a good angular resolution to point back the direction of each
neutrino event, the analysis considers the through-going track-like events from the Northern sky
that mostly are induced by upward-going 𝜈𝜇 and 𝜈̄𝜇 with respect to the detector. The data sample
used in this analysis is a set of those neutrino events, selected by the well-established event selection
also used in previous IceCube analyses [5, 16], from ∼ 10.4 years of observed data. The event
selection achieves the median angular resolution to be 0.4◦ at 100 TeV [5], which is preferred in the
point source searches that are expected to produce high-energy astrophysical neutrinos. The sample
contains events recorded in declinations ranging from −5◦ to 90◦ and in energies above 100 GeV.
Due to the absorption in the Earth or in the ice overburden, the atmospheric muon background is
sufficiently suppressed which increases the purity of the data sample.
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3.5 Statistical Methodology

The previous IceCube point source searches [24, 25] utilised the unbinned likelihood method
[26] to search for the astrophysical neutrino by maximising the signal-over-background likelihood
estimation. This analysis employs a similar approach but with some modifications in the unbinned
likelihood function L to include the interaction parameters as expressed in Equation 4:

L(𝑛𝑠) =
𝑁∏
𝑖=1

(𝑛𝑠
𝑁
S𝑖 (𝛼𝑖 , 𝛿𝑖 , 𝐸𝑖 |𝛾,Φ0, 𝑚𝜒, 𝑚𝜙, 𝑔) +

(
1 − 𝑛𝑠

𝑁

)
B𝑖 (𝛼𝑖 , 𝛿𝑖 , 𝐸𝑖 |𝛾,Φ0)

)
, (4)

where S and B are the probability density functions (PDFs) for signal and background described as

S𝑖 = 𝑆(𝛼𝑖 , sin 𝛿𝑖)︸        ︷︷        ︸
spatial PDF

𝑆(𝐸𝑖 , sin 𝛿𝑖)︸         ︷︷         ︸
energy PDF

, B𝑖 = 𝐵(sin 𝛿𝑖)︸    ︷︷    ︸
spatial PDF

𝐵(𝐸𝑖 , sin 𝛿𝑖)︸         ︷︷         ︸
energy PDF

. (5)

The PDFs are used to construct L for evaluating total 𝑁 observed events with observables; the
reconstructed right ascension 𝛼, the reconstructed declination 𝛿, and the reconstructed neutrino
energy 𝐸 for 𝑖-th event. Each S and B of 𝑖-th event are approximated as the product of a spatial PDF
and an energy PDF [26]. Each local hypothesis test gets its own S from dependencies on 𝑚𝜒, 𝑚𝜙,
and 𝑔. B is obtained by data scrambling as described in Section 3.4. Each hypothesis has its own
likelihood function; L𝐵𝑆𝑀 for the BSM hypothesis, L𝑁𝑢𝑙𝑙 for the Null hypothesis, and L𝐵𝐺 for the
Background-only hypothesis. The test statistic for this analysis (TS) is defined as the difference of
the log-likelihoods for BSM hypothesis and Null hypothesis, which becomes Δ𝑇𝑆, described as

TS = −2 · 𝑠𝑖𝑔𝑛(𝑛𝑠) · log
[
L𝑁𝑢𝑙𝑙

L𝐵𝑆𝑀

]
(6)

= −2 · 𝑠𝑖𝑔𝑛(𝑛𝑠) ·
(
log

[
L𝐵𝐺

L𝐵𝑆𝑀

]
− log

[
L𝐵𝐺

L𝑁𝑢𝑙𝑙

] )
= 𝑇𝑆𝐵𝑆𝑀 − 𝑇𝑆𝑁𝑢𝑙𝑙 ≡ Δ𝑇𝑆. (7)

The definition of the test statistic (𝑇𝑆) with the Background-only hypothesis in Equation 7 is
technically identical to the𝑇𝑆 definition used in the previous IceCube point source analyses [24, 25].

L for both Null and BSM hypotheses are maximised by fitting for the expected number of
signal neutrino events, 𝑛𝑠, with the information of 𝑁 events. L𝐵𝐺 only takes 𝑛𝑠 = 0 to give no signal
event, and L𝑁𝑢𝑙𝑙 only takes 𝑔𝜈𝜒 = 0 to have no interaction signature in the spectrum at the Earth.
𝑇𝑆 is allowed to be both positive and negative values by accepting the sign of 𝑛𝑠, which account for
under- and over-fluctuation of background events at the source location in the sky respectively.

4. Analysis Status

From a set of pseudo-experiments (trials) with given 𝑛𝑠, a set of log-likelihood values is
obtained. Following the definition of TS in Equation 7, the distributions of test statistics from
the likelihood ratio between the Background-only hypothesis and the Null hypothesis or the BSM
hypothesis can be derived, and Δ𝑇𝑆 distribution can be secured as a consequence. 𝑇𝑆 distributions
and Δ𝑇𝑆 distribution (coloured histograms) from the benchmark spectra in Figure 1 are shown
in Figure 2 with three different 𝑛𝑠. The number of trials to derive each distribution was 105. As
shown in the plots, each distribution is distinguishable from the other distribution even visually. The
preliminary sensitivity to the benchmark models will come from the hypothesis test between the Null
hypothesis and the BSM hypothesis comparing the Null (blue) and the Δ𝑇𝑆 (green) distributions.
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Figure 2: Distributions of test statistics with the given numbers of the expected signal neutrinos
Test Statistic distributions from the likelihood ratio between the Background-only hypothesis and the Null
hypothesis or the BSM hypothesis, in the blue and the orange histograms respectively, and Δ𝑇𝑆 distribution
in the green histogram. Each plot is derived by 105 pseudo-experiments for each hypothesis with respect to
the given numbers of expected signal neutrinos: 𝑛𝑠 = 10 (left), 𝑛𝑠 = 25 (middle), and 𝑛𝑠 = 40 (right).

5. Summary and Outlook

This is the first search for neutrino signals having undergone rare BSM interactions with the
whole IceCube astrophysical neutrino data and the sources of astrophysical neutrinos identified by
IceCube. Considering a benchmark model for 𝜈-DM interaction, the analysis shows a prospect
to test the BSM hypothesis that assumes the attenuation of astrophysical neutrino flux to the Null
hypothesis with no attenuation by presenting the distinguishable test statistics distributions between
both hypotheses. From the comparison of TS distributions, the sensitivity of this analysis to the
benchmark BSM model can be achieved.

For the status, just one benchmark model is discussed in this proceeding which leads to a single
local sensitivity. To have the global sensitivity over various models of 𝜈-DM interactions, BSM
spectra need to be generated from diverse combinations of DM properties and interaction mediators
and be added into the analysis framework for further evaluation. Furthermore, the analysis will
implement systematic uncertainties including the astrophysical flux model introduced to characterise
9.5 years of the astrophysical 𝜈𝜇 data observed by IceCube [16] for the Null hypothesis. The
sensitivities among the different Null hypothesis assumptions will be evaluated from the tests of
those models. Moreover, the framework can be applied to search for other rare interaction channels
such as neutrino self-interaction considering the interaction of astrophysical neutrinos with 𝐶𝜈𝐵.

As the analysis utilises neutrino spectra in broad energies and precise event reconstructions,
future neutrino detectors would provide improved sensitivities to the interactions. The IceCube-
Gen2 [27] is a proposed high-energy extension of the IceCube detector instrumenting an eight times
larger effective volume than IceCube. The enlarged volume would increase the number of observed
events even at much higher energies as well as enhance the angular resolution for track-like events.

References

[1] IceCube Collaboration, M. G. Aartsen et al. JINST 12 no. 03, (2017) P03012.

[2] IceCube Collaboration, M. G. Aartsen et al. Science 342 (2013) 1242856.

7

http://dx.doi.org/10.1088/1748-0221/12/03/P03012
http://dx.doi.org/10.1126/science.1242856


P
o
S
(
I
C
R
C
2
0
2
3
)
1
3
8
0

Neutrino Rare Interaction Search with IceCube

[3] IceCube, Fermi-LAT, MAGIC, AGILE, ASAS-SN, HAWC, H.E.S.S., INTEGRAL,
Kanata, Kiso, Kapteyn, Liverpool Telescope, Subaru, Swift NuSTAR, VERITAS, and
VLA/17B-403 Collaborations, M.G. Aartsen et al. Science 361 no. 6398, (2018) eaat1378.

[4] IceCube Collaboration, M. G. Aartsen et al. Science 361 no. 6398, (2018) 147–151.

[5] IceCube Collaboration, R. Abbasi et al. Science 378 no. 6619, (2022) 538–543.

[6] IceCube Collaboration, R. Abbasi et al. Science 380 no. 6652, (2023) 1338–1343.

[7] J. F. Cherry, A. Friedland, and I. M. Shoemaker. arXiv:1411.1071.

[8] G. Barenboim, P. B. Denton, and I. M. Oldengott Phys. Rev. D 99 no. 8, (2019) 083515.

[9] J. M. Berryman et al. Phys. Dark Universe 42 (2023) 101267.

[10] M. Bustamante, C. Rosenstrøm, S. Shalgar, and I. Tamborra Phys. Rev. D 101 no. 12, (2020)
123024.

[11] M. Bustamante and S. K. Agarwalla Phys. Rev. Lett. 122 no. 6, (2019) 061103.

[12] C. A. Argüelles, A. Kheirandish, and A. C. Vincent Phys. Rev. Lett. 119 no. 20, (2017)
201801.

[13] IceCube Collaboration PoS ICRC2015 (2016) 1081.

[14] IceCube Collaboration, R. Abbasi et al. arXiv:2205.12950.

[15] K.-Y. Choi, J. Kim, and C. Rott Phys. Rev. D 99 no. 8, (2019) 083018.

[16] IceCube Collaboration, R. Abbasi et al. Astrophys. J. 928 no. 1, (2022) 50.

[17] J. F. Navarro, C. S. Frenk, and S. D. M. White Astrophys. J. 490 (1997) 493–508.

[18] F. Nesti and P. Salucci JCAP 07 (2013) 016.

[19] Planck Collaboration, N. Aghanim et al. Astron. Astrophys. 641 (2020) A6.

[20] Y. Farzan and S. Palomares-Ruiz JCAP 06 (2014) 014.

[21] F. Ferrer, G. Herrera, and A. Ibarra JCAP 05 (2023) 057.

[22] S. Pandey, S. Karmakar, and S. Rakshit JHEP 01 (2019) 095.

[23] S. Pandey, S. Karmakar, and S. Rakshit. ACP NDM-2020 (2020) 11.

[24] IceCube Collaboration, M. G. Aartsen et al. Eur. Phys. J. C 79 no. 3, (2019) 234.

[25] IceCube Collaboration, M. G. Aartsen et al. Phys. Rev. Lett. 124 no. 5, (2020) 051103.

[26] J. Braun, J. Dumm, F. De Palma, C. Finley, A. Karle, and T. Montaruli Astropart. Phys. 29
(2008) 299–305.

[27] IceCube-Gen2 Collaboration PoS ICRC2023 (these proceedings) 994.

8

http://dx.doi.org/10.1126/science.aat1378
http://dx.doi.org/10.1126/science.aat2890
http://dx.doi.org/10.1126/science.abg3395
http://dx.doi.org/10.1126/science.adc9818
https://arxiv.org/abs/1411.1071
http://dx.doi.org/10.1103/PhysRevD.99.083515
http://dx.doi.org/10.1016/j.dark.2023.101267
http://dx.doi.org/10.1103/PhysRevD.101.123024
http://dx.doi.org/10.1103/PhysRevD.101.123024
http://dx.doi.org/10.1103/PhysRevLett.122.061103
http://dx.doi.org/10.1103/PhysRevLett.119.201801
http://dx.doi.org/10.1103/PhysRevLett.119.201801
http://dx.doi.org/10.22323/1.236.1081
https://arxiv.org/abs/2205.12950
http://dx.doi.org/10.1103/PhysRevD.99.083018
http://dx.doi.org/10.3847/1538-4357/ac4d29
http://dx.doi.org/10.1086/304888
http://dx.doi.org/10.1088/1475-7516/2013/07/016
http://dx.doi.org/10.1051/0004-6361/201833910
http://dx.doi.org/10.1088/1475-7516/2014/06/014
http://dx.doi.org/10.1088/1475-7516/2023/05/057
http://dx.doi.org/10.1007/JHEP11(2021)215
https://doi.org/10.31526/ACP.NDM-2020.11
http://dx.doi.org/10.1140/epjc/s10052-019-6680-0
http://dx.doi.org/10.1103/PhysRevLett.124.051103
http://dx.doi.org/10.1016/j.astropartphys.2008.02.007
http://dx.doi.org/10.1016/j.astropartphys.2008.02.007


P
o
S
(
I
C
R
C
2
0
2
3
)
1
3
8
0

Neutrino Rare Interaction Search with IceCube

Full Author List: IceCube Collaboration

R. Abbasi17, M. Ackermann63, J. Adams18, S. K. Agarwalla40, 64, J. A. Aguilar12, M. Ahlers22, J.M. Alameddine23, N. M. Amin44, K.
Andeen42, G. Anton26, C. Argüelles14, Y. Ashida53, S. Athanasiadou63, S. N. Axani44, X. Bai50, A. Balagopal V.40, M. Baricevic40,
S. W. Barwick30, V. Basu40, R. Bay8, J. J. Beatty20, 21, J. Becker Tjus11, 65, J. Beise61, C. Bellenghi27, C. Benning1, S. BenZvi52, D.
Berley19, E. Bernardini48, D. Z. Besson36, E. Blaufuss19, S. Blot63, F. Bontempo31, J. Y. Book14, C. Boscolo Meneguolo48, S. Böser41,
O. Botner61, J. Böttcher1, E. Bourbeau22, J. Braun40, B. Brinson6, J. Brostean-Kaiser63, R. T. Burley2, R. S. Busse43, D. Butterfield40,
M. A. Campana49, K. Carloni14, E. G. Carnie-Bronca2, S. Chattopadhyay40, 64, N. Chau12, C. Chen6, Z. Chen55, D. Chirkin40, S.
Choi56, B. A. Clark19, L. Classen43, A. Coleman61, G. H. Collin15, A. Connolly20, 21, J. M. Conrad15, P. Coppin13, P. Correa13, D. F.
Cowen59, 60, P. Dave6, C. De Clercq13, J. J. DeLaunay58, D. Delgado14, S. Deng1, K. Deoskar54, A. Desai40, P. Desiati40, K. D. de
Vries13, G. de Wasseige37, T. DeYoung24, A. Diaz15, J. C. Díaz-Vélez40, M. Dittmer43, A. Domi26, H. Dujmovic40, M. A. DuVernois40,
T. Ehrhardt41, P. Eller27, E. Ellinger62, S. El Mentawi1, D. Elsässer23, R. Engel31, 32, H. Erpenbeck40, J. Evans19, P. A. Evenson44, K.
L. Fan19, K. Fang40, K. Farrag16, A. R. Fazely7, A. Fedynitch57, N. Feigl10, S. Fiedlschuster26, C. Finley54, L. Fischer63, D. Fox59, A.
Franckowiak11, A. Fritz41, P. Fürst1, J. Gallagher39, E. Ganster1, A. Garcia14, L. Gerhardt9, A. Ghadimi58, C. Glaser61, T. Glauch27,
T. Glüsenkamp26, 61, N. Goehlke32, J. G. Gonzalez44, S. Goswami58, D. Grant24, S. J. Gray19, O. Gries1, S. Griffin40, S. Griswold52,
K. M. Groth22, C. Günther1, P. Gutjahr23, C. Haack26, A. Hallgren61, R. Halliday24, L. Halve1, F. Halzen40, H. Hamdaoui55, M.
Ha Minh27, K. Hanson40, J. Hardin15, A. A. Harnisch24, P. Hatch33, A. Haungs31, K. Helbing62, J. Hellrung11, F. Henningsen27,
L. Heuermann1, N. Heyer61, S. Hickford62, A. Hidvegi54, C. Hill16, G. C. Hill2, K. D. Hoffman19, S. Hori40, K. Hoshina40, 66, W.
Hou31, T. Huber31, K. Hultqvist54, M. Hünnefeld23, R. Hussain40, K. Hymon23, S. In56, A. Ishihara16, M. Jacquart40, O. Janik1, M.
Jansson54, G. S. Japaridze5, M. Jeong56, M. Jin14, B. J. P. Jones4, D. Kang31, W. Kang56, X. Kang49, A. Kappes43, D. Kappesser41,
L. Kardum23, T. Karg63, M. Karl27, A. Karle40, U. Katz26, M. Kauer40, J. L. Kelley40, A. Khatee Zathul40, A. Kheirandish34, 35, J.
Kiryluk55, S. R. Klein8, 9, A. Kochocki24, R. Koirala44, H. Kolanoski10, T. Kontrimas27, L. Köpke41, C. Kopper26, D. J. Koskinen22, P.
Koundal31, M. Kovacevich49, M. Kowalski10, 63, T. Kozynets22, J. Krishnamoorthi40, 64, K. Kruiswĳk37, E. Krupczak24, A. Kumar63,
E. Kun11, N. Kurahashi49, N. Lad63, C. Lagunas Gualda63, M. Lamoureux37, M. J. Larson19, S. Latseva1, F. Lauber62, J. P. Lazar14, 40,
J. W. Lee56, K. Leonard DeHolton60, A. Leszczyńska44, M. Lincetto11, Q. R. Liu40, M. Liubarska25, E. Lohfink41, C. Love49, C. J.
Lozano Mariscal43, L. Lu40, F. Lucarelli28, W. Luszczak20, 21, Y. Lyu8, 9, J. Madsen40, K. B. M. Mahn24, Y. Makino40, E. Manao27,
S. Mancina40, 48, W. Marie Sainte40, I. C. Mariş12, S. Marka46, Z. Marka46, M. Marsee58, I. Martinez-Soler14, R. Maruyama45, F.
Mayhew24, T. McElroy25, F. McNally38, J. V. Mead22, K. Meagher40, S. Mechbal63, A. Medina21, M. Meier16, Y. Merckx13, L.
Merten11, J. Micallef24, J. Mitchell7, T. Montaruli28, R. W. Moore25, Y. Morii16, R. Morse40, M. Moulai40, T. Mukherjee31, R. Naab63,
R. Nagai16, M. Nakos40, U. Naumann62, J. Necker63, A. Negi4, M. Neumann43, H. Niederhausen24, M. U. Nisa24, A. Noell1, A.
Novikov44, S. C. Nowicki24, A. Obertacke Pollmann16, V. O’Dell40, M. Oehler31, B. Oeyen29, A. Olivas19, R. Ørsøe27, J. Osborn40, E.
O’Sullivan61, H. Pandya44, N. Park33, G. K. Parker4, E. N. Paudel44, L. Paul42, 50, C. Pérez de los Heros61, J. Peterson40, S. Philippen1,
A. Pizzuto40, M. Plum50, A. Pontén61, Y. Popovych41, M. Prado Rodriguez40, B. Pries24, R. Procter-Murphy19, G. T. Przybylski9,
C. Raab37, J. Rack-Helleis41, K. Rawlins3, Z. Rechav40, A. Rehman44, P. Reichherzer11, G. Renzi12, E. Resconi27, S. Reusch63, W.
Rhode23, B. Riedel40, A. Rifaie1, E. J. Roberts2, S. Robertson8, 9, S. Rodan56, G. Roellinghoff56, M. Rongen26, C. Rott53, 56, T.
Ruhe23, L. Ruohan27, D. Ryckbosch29, I. Safa14, 40, J. Saffer32, D. Salazar-Gallegos24, P. Sampathkumar31, S. E. Sanchez Herrera24,
A. Sandrock62, M. Santander58, S. Sarkar25, S. Sarkar47, J. Savelberg1, P. Savina40, M. Schaufel1, H. Schieler31, S. Schindler26, L.
Schlickmann1, B. Schlüter43, F. Schlüter12, N. Schmeisser62, T. Schmidt19, J. Schneider26, F. G. Schröder31, 44, L. Schumacher26, G.
Schwefer1, S. Sclafani19, D. Seckel44, M. Seikh36, S. Seunarine51, R. Shah49, A. Sharma61, S. Shefali32, N. Shimizu16, M. Silva40, B.
Skrzypek14, B. Smithers4, R. Snihur40, J. Soedingrekso23, A. Søgaard22, D. Soldin32, P. Soldin1, G. Sommani11, C. Spannfellner27, G.
M. Spiczak51, C. Spiering63, M. Stamatikos21, T. Stanev44, T. Stezelberger9, T. Stürwald62, T. Stuttard22, G. W. Sullivan19, I. Taboada6,
S. Ter-Antonyan7, M. Thiesmeyer1, W. G. Thompson14, J. Thwaites40, S. Tilav44, K. Tollefson24, C. Tönnis56, S. Toscano12, D. Tosi40,
A. Trettin63, C. F. Tung6, R. Turcotte31, J. P. Twagirayezu24, B. Ty40, M. A. Unland Elorrieta43, A. K. Upadhyay40, 64, K. Upshaw7, N.
Valtonen-Mattila61, J. Vandenbroucke40, N. van Eĳndhoven13, D. Vannerom15, J. van Santen63, J. Vara43, J. Veitch-Michaelis40, M.
Venugopal31, M. Vereecken37, S. Verpoest44, D. Veske46, A. Vĳai19, C. Walck54, C. Weaver24, P. Weigel15, A. Weindl31, J. Weldert60,
C. Wendt40, J. Werthebach23, M. Weyrauch31, N. Whitehorn24, C. H. Wiebusch1, N. Willey24, D. R. Williams58, L. Witthaus23, A.
Wolf1, M. Wolf27, G. Wrede26, X. W. Xu7, J. P. Yanez25, E. Yildizci40, S. Yoshida16, R. Young36, F. Yu14, S. Yu24, T. Yuan40, Z.
Zhang55, P. Zhelnin14, M. Zimmerman40

1 III. Physikalisches Institut, RWTH Aachen University, D-52056 Aachen, Germany
2 Department of Physics, University of Adelaide, Adelaide, 5005, Australia
3 Dept. of Physics and Astronomy, University of Alaska Anchorage, 3211 Providence Dr., Anchorage, AK 99508, USA
4 Dept. of Physics, University of Texas at Arlington, 502 Yates St., Science Hall Rm 108, Box 19059, Arlington, TX 76019, USA
5 CTSPS, Clark-Atlanta University, Atlanta, GA 30314, USA
6 School of Physics and Center for Relativistic Astrophysics, Georgia Institute of Technology, Atlanta, GA 30332, USA
7 Dept. of Physics, Southern University, Baton Rouge, LA 70813, USA
8 Dept. of Physics, University of California, Berkeley, CA 94720, USA
9 Lawrence Berkeley National Laboratory, Berkeley, CA 94720, USA
10 Institut für Physik, Humboldt-Universität zu Berlin, D-12489 Berlin, Germany
11 Fakultät für Physik & Astronomie, Ruhr-Universität Bochum, D-44780 Bochum, Germany
12 Université Libre de Bruxelles, Science Faculty CP230, B-1050 Brussels, Belgium

9



P
o
S
(
I
C
R
C
2
0
2
3
)
1
3
8
0

Neutrino Rare Interaction Search with IceCube

13 Vrĳe Universiteit Brussel (VUB), Dienst ELEM, B-1050 Brussels, Belgium
14 Department of Physics and Laboratory for Particle Physics and Cosmology, Harvard University, Cambridge, MA 02138, USA
15 Dept. of Physics, Massachusetts Institute of Technology, Cambridge, MA 02139, USA
16 Dept. of Physics and The International Center for Hadron Astrophysics, Chiba University, Chiba 263-8522, Japan
17 Department of Physics, Loyola University Chicago, Chicago, IL 60660, USA
18 Dept. of Physics and Astronomy, University of Canterbury, Private Bag 4800, Christchurch, New Zealand
19 Dept. of Physics, University of Maryland, College Park, MD 20742, USA
20 Dept. of Astronomy, Ohio State University, Columbus, OH 43210, USA
21 Dept. of Physics and Center for Cosmology and Astro-Particle Physics, Ohio State University, Columbus, OH 43210, USA
22 Niels Bohr Institute, University of Copenhagen, DK-2100 Copenhagen, Denmark
23 Dept. of Physics, TU Dortmund University, D-44221 Dortmund, Germany
24 Dept. of Physics and Astronomy, Michigan State University, East Lansing, MI 48824, USA
25 Dept. of Physics, University of Alberta, Edmonton, Alberta, Canada T6G 2E1
26 Erlangen Centre for Astroparticle Physics, Friedrich-Alexander-Universität Erlangen-Nürnberg, D-91058 Erlangen, Germany
27 Technical University of Munich, TUM School of Natural Sciences, Department of Physics, D-85748 Garching bei München, Germany
28 Département de physique nucléaire et corpusculaire, Université de Genève, CH-1211 Genève, Switzerland
29 Dept. of Physics and Astronomy, University of Gent, B-9000 Gent, Belgium
30 Dept. of Physics and Astronomy, University of California, Irvine, CA 92697, USA
31 Karlsruhe Institute of Technology, Institute for Astroparticle Physics, D-76021 Karlsruhe, Germany
32 Karlsruhe Institute of Technology, Institute of Experimental Particle Physics, D-76021 Karlsruhe, Germany
33 Dept. of Physics, Engineering Physics, and Astronomy, Queen’s University, Kingston, ON K7L 3N6, Canada
34 Department of Physics & Astronomy, University of Nevada, Las Vegas, NV, 89154, USA
35 Nevada Center for Astrophysics, University of Nevada, Las Vegas, NV 89154, USA
36 Dept. of Physics and Astronomy, University of Kansas, Lawrence, KS 66045, USA
37 Centre for Cosmology, Particle Physics and Phenomenology - CP3, Université catholique de Louvain, Louvain-la-Neuve, Belgium
38 Department of Physics, Mercer University, Macon, GA 31207-0001, USA
39 Dept. of Astronomy, University of Wisconsin–Madison, Madison, WI 53706, USA
40 Dept. of Physics and Wisconsin IceCube Particle Astrophysics Center, University of Wisconsin–Madison, Madison, WI 53706, USA
41 Institute of Physics, University of Mainz, Staudinger Weg 7, D-55099 Mainz, Germany
42 Department of Physics, Marquette University, Milwaukee, WI, 53201, USA
43 Institut für Kernphysik, Westfälische Wilhelms-Universität Münster, D-48149 Münster, Germany
44 Bartol Research Institute and Dept. of Physics and Astronomy, University of Delaware, Newark, DE 19716, USA
45 Dept. of Physics, Yale University, New Haven, CT 06520, USA
46 Columbia Astrophysics and Nevis Laboratories, Columbia University, New York, NY 10027, USA
47 Dept. of Physics, University of Oxford, Parks Road, Oxford OX1 3PU, United Kingdom
48 Dipartimento di Fisica e Astronomia Galileo Galilei, Università Degli Studi di Padova, 35122 Padova PD, Italy
49 Dept. of Physics, Drexel University, 3141 Chestnut Street, Philadelphia, PA 19104, USA
50 Physics Department, South Dakota School of Mines and Technology, Rapid City, SD 57701, USA
51 Dept. of Physics, University of Wisconsin, River Falls, WI 54022, USA
52 Dept. of Physics and Astronomy, University of Rochester, Rochester, NY 14627, USA
53 Department of Physics and Astronomy, University of Utah, Salt Lake City, UT 84112, USA
54 Oskar Klein Centre and Dept. of Physics, Stockholm University, SE-10691 Stockholm, Sweden
55 Dept. of Physics and Astronomy, Stony Brook University, Stony Brook, NY 11794-3800, USA
56 Dept. of Physics, Sungkyunkwan University, Suwon 16419, Korea
57 Institute of Physics, Academia Sinica, Taipei, 11529, Taiwan
58 Dept. of Physics and Astronomy, University of Alabama, Tuscaloosa, AL 35487, USA
59 Dept. of Astronomy and Astrophysics, Pennsylvania State University, University Park, PA 16802, USA
60 Dept. of Physics, Pennsylvania State University, University Park, PA 16802, USA
61 Dept. of Physics and Astronomy, Uppsala University, Box 516, S-75120 Uppsala, Sweden
62 Dept. of Physics, University of Wuppertal, D-42119 Wuppertal, Germany
63 Deutsches Elektronen-Synchrotron DESY, Platanenallee 6, 15738 Zeuthen, Germany
64 Institute of Physics, Sachivalaya Marg, Sainik School Post, Bhubaneswar 751005, India
65 Department of Space, Earth and Environment, Chalmers University of Technology, 412 96 Gothenburg, Sweden
66 Earthquake Research Institute, University of Tokyo, Bunkyo, Tokyo 113-0032, Japan

Acknowledgements
The authors gratefully acknowledge the support from the following agencies and institutions: USA – U.S. National Science Foundation-
Office of Polar Programs, U.S. National Science Foundation-Physics Division, U.S. National Science Foundation-EPSCoR, Wisconsin
Alumni Research Foundation, Center for High Throughput Computing (CHTC) at the University of Wisconsin–Madison, Open Science

10



P
o
S
(
I
C
R
C
2
0
2
3
)
1
3
8
0

Neutrino Rare Interaction Search with IceCube

Grid (OSG), Advanced Cyberinfrastructure Coordination Ecosystem: Services & Support (ACCESS), Frontera computing project at the
Texas Advanced Computing Center, U.S. Department of Energy-National Energy Research Scientific Computing Center, Particle astro-
physics research computing center at the University of Maryland, Institute for Cyber-Enabled Research at Michigan State University, and
Astroparticle physics computational facility at Marquette University; Belgium – Funds for Scientific Research (FRS-FNRS and FWO),
FWO Odysseus and Big Science programmes, and Belgian Federal Science Policy Office (Belspo); Germany – Bundesministerium
für Bildung und Forschung (BMBF), Deutsche Forschungsgemeinschaft (DFG), Helmholtz Alliance for Astroparticle Physics (HAP),
Initiative and Networking Fund of the Helmholtz Association, Deutsches Elektronen Synchrotron (DESY), and High Performance
Computing cluster of the RWTH Aachen; Sweden – Swedish Research Council, Swedish Polar Research Secretariat, Swedish National
Infrastructure for Computing (SNIC), and Knut and Alice Wallenberg Foundation; European Union – EGI Advanced Computing for
research; Australia – Australian Research Council; Canada – Natural Sciences and Engineering Research Council of Canada, Calcul
Québec, Compute Ontario, Canada Foundation for Innovation, WestGrid, and Compute Canada; Denmark – Villum Fonden, Carlsberg
Foundation, and European Commission; New Zealand – Marsden Fund; Japan – Japan Society for Promotion of Science (JSPS) and In-
stitute for Global Prominent Research (IGPR) of Chiba University; Korea – National Research Foundation of Korea (NRF); Switzerland
– Swiss National Science Foundation (SNSF); United Kingdom – Department of Physics, University of Oxford.

11


	Astrophysical Neutrinos and IceCube
	Neutrino Rare Interactions
	Interaction between Neutrino and Dark Matter

	Analysis with a benchmark model
	Dark Matter contributions to the interaction
	Benchmark Model as signals
	Backgrounds
	Data Sample
	Statistical Methodology

	Analysis Status
	Summary and Outlook

