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Neutrinos Observations

• The neutrinos discovered are
- Terrestrial neutrinos from rock, nuclear reactor, and collider

- Solar neutrinos and atmospheric neutrinos

- Supernova 1987A: Large Magellanic Cloud, galaxy satellite of Milky Way

- Unidentified astrophysical neutrino at TeV - PeV with IceCube

- Multi-messenger observation of IceCube170922A

• The neutrinos un-discovered yet are

- GZK neutrinos

- Cosmic Neutrino Background from Big Bang

1 Formulae

2 Dark Matter

Matters are around us, trees, food, animals. Even our body is made of matter.
From the first time of the history, human has been studying these matters,
to find out whether they are eatable or not, they are useful to make house
or clothes, they are strong enough to make weapons etc. Even nowadays we
are trying to understand the cells, materials atoms, stars. The mechanism of
their behaviors, the properties of the materials or the ultimate ingredients of
the matters, or what is the fundamental (the thing we cannot divide any more)
matters. At least now we understand the most of the matters are made of
atoms. They are made of charged particles, protons and electrons, thus they
may interact with light by electromagnetic interactions.

Those are successful at least in the world around us on earth, in the solar
system. However in the larger scales, such as galaxy, clusters of galaxies or in
the cosmological scales, it seems that something is missing.
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IceCube-170922A
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NEUTRINO ASTROPHYSICS

Multimessenger observations of a
flaring blazar coincident with
high-energy neutrino IceCube-170922A
The IceCube Collaboration, Fermi-LAT, MAGIC, AGILE, ASAS-SN, HAWC, H.E.S.S.,
INTEGRAL, Kanata, Kiso, Kapteyn, Liverpool Telescope, Subaru, Swift/NuSTAR,
VERITAS, andVLA/17B-403 teams*†

Previous detections of individual astrophysical sources of neutrinos are limited to the
Sun and the supernova 1987A, whereas the origins of the diffuse flux of high-energy
cosmic neutrinos remain unidentified. On 22 September 2017, we detected a high-energy
neutrino, IceCube-170922A, with an energy of e290 tera–electron volts. Its arrival
direction was consistent with the location of a known g-ray blazar, TXS 0506+056,
observed to be in a flaring state. An extensive multiwavelength campaign followed,
ranging from radio frequencies to g-rays. These observations characterize the
variability and energetics of the blazar and include the detection of TXS 0506+056
in very-high-energy g-rays. This observation of a neutrino in spatial coincidence with
a g-ray–emitting blazar during an active phase suggests that blazars may be a source
of high-energy neutrinos.

S
ince the discovery of a diffuse flux of high-
energy astrophysical neutrinos (1, 2),
IceCube has searched for its sources. The
only nonterrestrial neutrino sources iden-
tified previously are the Sun and the super-

nova 1987A, producing neutrinos with energies
millions of times lower than the high-energy dif-
fuse flux, such that the mechanisms and the envi-
ronments responsible for the high-energy cosmic
neutrinos are still to be ascertained (3, 4). Many
candidate source types exist, with active galactic
nuclei (AGN) among the most prominent (5), in
particular the small fraction of them designated
as radio-loud (6). In these AGNs, the central su-
permassive black hole converts gravitational energy
of accretingmatter and/or the rotational energy
of the black hole into powerful relativistic jets,
within which particles can be accelerated to high
energies. If a number of these particles are pro-
tons or nuclei, their interactions with the radia-
tion fields andmatter close to the source would
give rise to a flux of high-energy pions that even-
tually decay into photons and neutrinos (7). In
blazars (8)—AGNs that have one of the jets point-
ing close to our line of sight—the observable flux
of neutrinos and radiation is expected to be greatly
enhanced owing to relativistic Doppler boosting.
Blazar electromagnetic (EM) emission is known
to be highly variable on time scales fromminutes
to years (9).
Neutrinos travel largely unhindered by matter

and radiation. Even if high-energy photons (TeV

and above) are unable to escape the source owing
to intrinsic absorption, or are absorbed by inter-
actions with the extragalactic background light
(EBL) (10, 11), high-energy neutrinos may escape
and travel unimpeded to Earth. An association
of observed astrophysical neutrinos with blazars
would therefore imply that high-energy protons
or nuclei up to energies of at least tens of PeV are
produced in blazar jets, suggesting that theymay
be the birthplaces of the most energetic particles
observed in the Universe, the ultrahigh-energy
cosmic rays (12). If neutrinos are produced in
correlation with photons, the coincident obser-
vation of neutrinos with electromagnetic flares
would greatly increase the chances of identifying
the source(s). Neutrino detections must therefore
be combined with the information from broad-
band observations across the electromagnetic
spectrum (multimessenger observations).
To take advantage of multimessenger oppor-

tunities, the IceCube neutrino observatory (13)
has established a system of real-time alerts that
rapidly notify the astronomical community of the
direction of astrophysical neutrino candidates
(14). From the start of the program in April 2016
through October 2017, 10 public alerts have been
issued for high-energy neutrino candidate events
with well-reconstructed directions (15).
We report the detection of a high-energy neu-

trino by IceCube and the multiwavelength/multi-
instrument observations of a flaring g-ray blazar,
TXS 0506+056, which was found to be position-
ally coincident with the neutrino direction (16).
Chance coincidence of the IceCube-170922A
event with the flare of TXS 0506+056 is statis-
tically disfavored at the level of 3s in models

evaluated below, associating neutrino and g-ray
production.

The neutrino alert

IceCube is a neutrino observatory with more
than 5000 optical sensors embedded in 1 km3 of
the Antarctic ice-sheet close to the Amundsen-
Scott South Pole Station. The detector consists of
86 vertical strings frozen into the ice 125m apart,
each equipped with 60 digital optical modules
(DOMs) at depths between 1450 and 2450 m.
When a high-energy muon-neutrino interacts
with an atomic nucleus in or close to the detec-
tor array, a muon is produced moving through
the ice at superluminal speed and creating
Cherenkov radiation detected by the DOMs. On
22 September 2017 at 20:54:30.43 Coordinated
Universal Time (UTC), a high-energy neutrino-
induced muon track event was detected in an
automated analysis that is part of IceCube’s real-
time alert system. An automated alert was dis-
tributed (17) to observers 43 s later, providing an
initial estimate of the direction and energy of the
event. A sequence of refined reconstruction algo-
rithms was automatically started at the same
time, using the full event information. A repre-
sentation of this neutrino event with the best-
fitting reconstructed direction is shown in Fig. 1.
Monitoring data from IceCube indicate that the
observatory was functioning normally at the time
of the event.
A Gamma-ray Coordinates Network (GCN)

Circular (18) was issued ~4 hours after the initial
notice, including the refined directional informa-
tion (offset 0.14° from the initial direction; see
Fig. 2). Subsequently, further studies were per-
formed to determine the uncertainty of the direc-
tional reconstruction arising from statistical and
systematic effects, leading to a best-fitting right
ascension (RA) 77:43þ0:95

"0:65 and declination (Dec)
þ5:72þ0:50

"0:30 (degrees, J2000 equinox, 90% con-
tainment region). The alert was later reported
to be in positional coincidence with the known
g-ray blazar TXS 0506+056 (16), which is lo-
cated at RA 77.36° and Dec +5.69° (J2000) (19),
0.1° from the arrival direction of the high-energy
neutrino.
The IceCube alert prompted a follow-up search

by theMediterraneanneutrino telescopeANTARES
(Astronomy with a Neutrino Telescope and Abyss
environmental RESearch) (20). The sensitivity of
ANTARES at the declination of IceCube-170922A
is about one-tenth that of IceCube’s (21), and no
neutrino candidateswere found in a ±1 day period
around the event time (22).
An energy of 23.7 ± 2.8 TeV was deposited in

IceCube by the traversing muon. To estimate the
parent neutrino energy, we performed simulations
of the response of the detector array, considering
that the muon-neutrino might have interacted
outside the detector at an unknown distance.We
assumed the best-fitting power-law energy spec-
trum for astrophysical high-energy muon neutri-
nos, dN=dEºE"2:13 (2), where N is the number
of neutrinos as a function of energy E. The sim-
ulations yielded amost probable neutrino energy
of 290 TeV, with a 90% confidence level (CL)
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lower limit of 183 TeV, depending onlyweakly on
the assumed astrophysical energy spectrum (25).
The vast majority of neutrinos detected by

IceCube arise from cosmic-ray interactions within
Earth’s atmosphere. Although atmospheric neu-
trinos are dominant at energies below 100 TeV,
their spectrum falls steeply with energy, allowing
astrophysical neutrinos to be more easily identi-
fied at higher energies. The muon-neutrino as-

trophysical spectrum, together with simulated
data, was used to calculate the probability that a
neutrino at the observed track energy and zenith
angle in IceCube is of astrophysical origin. This
probability, the so-called signalness of the event
(14), was reported to be 56.5% (17). Although
IceCube can robustly identify astrophysical neu-
trinos at PeV energies, for individual neutrinos
at several hundred TeV, an atmospheric origin

cannot be excluded. Electromagnetic observations
are valuable to assess the possible association of
a single neutrino to an astrophysical source.
Following the alert, IceCube performed a

complete analysis of relevant data prior to
31 October 2017. Although no additional excess
of neutrinoswas found from the direction of TXS
0506+056 near the time of the alert, there are
indications at the 3s level of high-energy neutrino

The IceCube Collaboration et al., Science 361, eaat1378 (2018) 13 July 2018 2 of 8

Fig. 1. Event display for
neutrino event IceCube-
170922A. The time at which a
DOM observed a signal is
reflected in the color of the hit,
with dark blues for earliest hits
and yellow for latest. Times
shown are relative to the first
DOM hit according to the track
reconstruction, and earlier and
later times are shown with the
same colors as the first and
last times, respectively. The
total time the event took to
cross the detector is ~3000 ns.
The size of a colored sphere is
proportional to the logarithm
of the amount of light
observed at the DOM, with
larger spheres corresponding
to larger signals. The total
charge recorded is ~5800 photoelectrons. Inset is an overhead perspective view of the event. The best-fitting track direction is shown as an arrow,

consistent with a zenith angle 5:7þ0:50
"0:30 degrees below the horizon.

Fig. 2. Fermi-LATand MAGIC observations of IceCube-170922A’s
location. Sky position of IceCube-170922A in J2000 equatorial coordinates
overlaying the g-ray counts from Fermi-LAT above 1 GeV (A) and the signal
significance as observed by MAGIC (B) in this region. The tan square
indicates the position reported in the initial alert, and the green square
indicates the final best-fitting position from follow-up reconstructions (18).
Gray and red curves show the 50% and 90% neutrino containment regions,
respectively, including statistical and systematic errors. Fermi-LATdata are
shown as a photon counts map in 9.5 years of data in units of counts per

pixel, using detected photons with energy of 1 to 300 GeV in a 2° by 2°
region around TXS0506+056. The map has a pixel size of 0.02° and was
smoothed with a 0.02°-wide Gaussian kernel. MAGIC data are shown as
signal significance for g-rays above 90 GeV. Also shown are the locations of
a g-ray source observed by Fermi-LAT as given in the Fermi-LAT Third
Source Catalog (3FGL) (23) and the Third Catalog of Hard Fermi-LAT
Sources (3FHL) (24) source catalogs, including the identified positionally
coincident 3FGL object TXS 0506+056. For Fermi-LAT catalog objects,
marker sizes indicate the 95% CL positional uncertainty of the source.
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IceCube-170922A : blazar TXS 0506+056
Redshift:

Constraining dark matter-neutrino interaction with IceCube-170922A

Ki-Young Choi,1, ⇤ Jongkuk Kim,1, † and Carsten Rott1, ‡

1
Department of Physics, BK21 Physics Research Division,

Institute of Basic Science, Sungkyunkwan University, 2066,

Seobu-ro, Jangan-gu, Suwon-si, Gyeong Gi-do, 16419 Korea

The neutrino travels long distance from the source to the Earth through the of dark matter
halo in our Milky Way and the clusters of galaxies. The interaction of the neutrinos with dark
matter may a↵ect the flux of neutrinos. The recent multi-messenger observation of high energy
neutrino, IceCube-170922A, can give the robust upper bound �/Mdm . 5.3 ⇥ 10�23 cm2/GeV
on the interaction between neutrino and dark matter at neutrino energy 290TeV allowing 99%
suppression. Combining the constraints from CMB and LSS at di↵erent neutrino energies, we can
constrain the models of interacting neutrinos with dark matter.

PACS numbers:

Introduction. Since the neutrinos interact only
weakly with matter and propagate without intermission,
the high energy neutrinos are considered to be good mes-
senger to uncover the mystery of the distant astrophysical
objects. The recent discovery of the high energy neu-
trino IceCube-170922A at neutrino energy 290 TeV was
accompanied by other observations such as gamma-ray,
X-ray, optical and radio. Through these multi-messenger
observations, the source could be identified as a flaring
blazar which is located 1421 Mpc away [1].

However new interaction of neutrinos with matters in
the Universe may a↵ect the propagation of neutrinos by
reducing the flux or changing the flavors [2, 3]. The non-
diagonal or non-universal matter potential generated by
new interactions modify the neutrino oscillation behav-
ior and result in deviation from the present observation.
The strong constraint is given on the non-standard in-
teraction from atmospheric data [4], at the production,
propagation and detection [5], and from even neutrino
experiments [6].

The neutrinos can have interactions with dark mat-
ter. The dark matter compose the 26% of the present
Universe and spread all over the Universe, with more
localization near the galaxies and clusters of galaxies.
Even though the simplest cosmological ⇤CDM model as-
sumes only gravitationally interacting dark matter, how-
ever many models of particles physics predict the non-
gravitational interaction of dark matter with standard
model particles as well as self interaction between dark
matters.

The interaction of neutrinos with dark matter has been
considered in the cosmology and neutrino observation.
Before last scattering of CMB, the interactions of DM
beyond gravity lead to a suppression of the primordial
density fluctuations, and thus erase the small scale struc-
tures and suppress the CMB spectrum at small scales [7–

⇤
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†
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13].
In the present Universe, the interaction of neutrinos

with DM can dissipate the neutrino and suppress the
flux of neutrinos at Earth. This attenuation once was
used to explain the suppression of high-energy neutrino
flux [14]. This suppression also can be used to constrain
the interaction of neutrino and DM, especially for ultra-
light scalar dark matter [14, 15].
In [16], Arguelles et al. considered the present-day in-

teractions between high-energy cosmic neutrinos and the
DM halo of the Milky Way. By taking the isotropic distri-
bution of 53 high-energy neutrinos they could constrain
the DM-neutrino interactions, since the attenuation of
the neutrino flux depends on the direction of the source
and lead to the energy-dependent anisotropy.
Pandey et al. [17] instead considered the significant

flux suppression of high-energy astrophysical neutrinos
due to the interactions with dark matter. They allowed
1% suppression by just assuming the traveling distance of
neutrino as 200 Mpc and the cosmokogical DM density.
With other collider search limits, they studied the several
e↵ective operators for the interaction.
For a long-range interaction about the astrophysical

size, the matter e↵ects are integrated over the inter-
action size and may a↵ect the flavor oscillations. The
neutrino flavor distribution at Earth can constrain the
lepton-number symmetries [18–23].
In this letter, we consider the recent observation of the

high energy neutrino, IceCube-170922A, to obtain the
robust bound on the interaction of neutrino with DM
at high energy and combine with other experiments at
di↵erent energies. As an specific example, we use modes
of the scalar DM with fermion mediation and fermionic
DM with gauge mediation.
Multi-messenger high energy neutrino: IceCube-

170922A. The high energy neutrino, IceCube-170922A,
was observed by IceCube on 22 September 2017 at en-
ergy 290 TeV, that is the first high energy neutrino whose
source is identified together with other multi-messenger
observations [1]. The identified source is the �-ray blazar
TXS 0506+056, located at redshift z = 0.3365± 0.0010.
The redshift corresponds to the distance 1421+1425

�1416 Mpc.

2

Neutrino energy �/Mdm[ cm2/GeV] Exp. [Ref.]

⇠ 100 eV 6⇥ 10�31 CMB [12, 13]

⇠ 100 eV 10�33 Lyman-↵ [10]

10 MeV 10�22 SN1987A [8]

290 TeV 10�22 IceCube-170922A [1]

TABLE I: Upper bound on the neutrino-DM scattering cross
section from di↵erent experiments. In the first column, we
specified the corresponding neutrino energy for that each ex-
perimental constraint is applied.

This is the first known distance of the high energy neu-
trino.

If the neutrinos interact with dark matter, the neutri-
nos can undergo dissipation during the propagation and
may not arrive at Earth. The dissipation depends on the
scattering cross section and the number density of dark
matter along the path of the neutrino and the suppression
factor is given by exp(�

R
n�ds). When the integration

in the exponent
R
n�ds is much bigger than 1, the neu-

trino flux is exponentially suppressed and they cannot
arrive at the Earth and we cannot observe the neutrino
source.

Since the number density of dark matter may changes
with propagation, we can approximate the suppression
factor as one from the cosmological dark matter and the
other from dark matter in our Milky Way
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Here L is the distance form the source of neutrino to the
Earth and n0 and ndm(x) are the DM number density
in the large scale Universe and in the Milky Way. In
the second line, we used the relation between DM en-
ergy density and DM mass, ⇢dm = ndmMdm, to convert
the number density to energy density. We assume that
the cosmological DM density, ⇢0 ' 1.3⇥ 10�6 GeV/ cm3,
which is averaged as constant and does not change along
the path. However the DM density in our Milky Way
is position dependent and we assume the NFW profile
given by
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= 0.184GeV/ cm3, r
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= 24.42 kpc with ⇢� =
0.3GeV/ cm3, and r is the distance from the Galactic
center.

For the neutrinos from IceCube-170922A with the dis-
tance L = 1421Mpc, we find that the cosmological sup-
pression factor is

⇢0L ' 5.7⇥ 1021 GeV/ cm2. (3)
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FIG. 1: The upper bound on the scattering cross section for
di↵erent energy dependence of scattering of neutrinos with
dark matter. Those points of ”Ice-Cube” and ”Lyman-↵”
are the experimental upper bound on the cross section for
Mdm = 1GeV at the corresponding neutrino energy. Here
we used the power-law form �(E⌫) = �0
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1GeV

�n
, with index

n = 0, 2, 4 for dotted, dashed, and solid lines respectively.

For the suppression due to the DM interaction in the
Milky Way, we need to consider the direction of the neu-
trino source and integrate the number density along the
path of the neutrinos. We find that the suppression fac-
tor is

Z

los

⇢gal(x)dl ' 3.8⇥ 1022 GeV/ cm2. (4)

For this calculation we use the direction of the IceCube-
170922A in the right ascension (RA) 77.42+0.95

�0.65 and decli-

nation (Dec) +5.72+0.50
�0.30 and converted it to the Galactic

coordinate used in ⇢dm of the Milky Way halo. We find
that this result does not depend on the DM halo profile,
since the direction to the IceCube-170922A is outward of
the Milky Way from the Earth.
Incidentally both contribution from cosmological DM

and Milky Way DM are very comparable, since the small
cosmological DM density is compensated by the long
distance. The observation of the high energy neutrino
IceCube-170922A implies that the neutrino flux did not
have much suppression during its propagation. This en-
ables us to find the precise upper bound on the interac-
tion of neutrino with dark matter. Considering that the
suppresion is not bigger than 99% of the original flux, we
require

R
�ndl . 2.3. Using Eq. (3) and Eq. (4), we can

find the upper bound on the scattering cross section as

�

Mdm
.
✓
⇢0L+

Z

MW

⇢dm(x)dl

◆�1

' 5.3⇥ 10�23 cm2/GeV at E
⌫

= 290TeV.
(5)

Here we considered that the scattering cross section does
not change during the propagation.
Considering the flavor distribution of IceCube-

170922A, what can we obtain?
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The neutrino travels long distance from the source to the Earth through the of dark matter
halo in our Milky Way and the clusters of galaxies. The interaction of the neutrinos with dark
matter may a↵ect the flux of neutrinos. The recent multi-messenger observation of high energy
neutrino, IceCube-170922A, can give the robust upper bound �/Mdm . 5.3 ⇥ 10�23 cm2/GeV
on the interaction between neutrino and dark matter at neutrino energy 290TeV allowing 99%
suppression. Combining the constraints from CMB and LSS at di↵erent neutrino energies, we can
constrain the models of interacting neutrinos with dark matter.

PACS numbers:

Introduction. Since the neutrinos interact only
weakly with matter and propagate without intermission,
the high energy neutrinos are considered to be good mes-
senger to uncover the mystery of the distant astrophysical
objects. The recent discovery of the high energy neu-
trino IceCube-170922A at neutrino energy 290 TeV was
accompanied by other observations such as gamma-ray,
X-ray, optical and radio. Through these multi-messenger
observations, the source could be identified as a flaring
blazar which is located 1421 Mpc away [1].

However new interaction of neutrinos with matters in
the Universe may a↵ect the propagation of neutrinos by
reducing the flux or changing the flavors [2, 3]. The non-
diagonal or non-universal matter potential generated by
new interactions modify the neutrino oscillation behav-
ior and result in deviation from the present observation.
The strong constraint is given on the non-standard in-
teraction from atmospheric data [4], at the production,
propagation and detection [5], and from even neutrino
experiments [6].

The neutrinos can have interactions with dark mat-
ter. The dark matter compose the 26% of the present
Universe and spread all over the Universe, with more
localization near the galaxies and clusters of galaxies.
Even though the simplest cosmological ⇤CDM model as-
sumes only gravitationally interacting dark matter, how-
ever many models of particles physics predict the non-
gravitational interaction of dark matter with standard
model particles as well as self interaction between dark
matters.

The interaction of neutrinos with dark matter has been
considered in the cosmology and neutrino observation.
Before last scattering of CMB, the interactions of DM
beyond gravity lead to a suppression of the primordial
density fluctuations, and thus erase the small scale struc-
tures and suppress the CMB spectrum at small scales [7–
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13].
In the present Universe, the interaction of neutrinos

with DM can dissipate the neutrino and suppress the
flux of neutrinos at Earth. This attenuation once was
used to explain the suppression of high-energy neutrino
flux [14]. This suppression also can be used to constrain
the interaction of neutrino and DM, especially for ultra-
light scalar dark matter [14, 15].
In [16], Arguelles et al. considered the present-day in-

teractions between high-energy cosmic neutrinos and the
DM halo of the Milky Way. By taking the isotropic distri-
bution of 53 high-energy neutrinos they could constrain
the DM-neutrino interactions, since the attenuation of
the neutrino flux depends on the direction of the source
and lead to the energy-dependent anisotropy.
Pandey et al. [17] instead considered the significant

flux suppression of high-energy astrophysical neutrinos
due to the interactions with dark matter. They allowed
1% suppression by just assuming the traveling distance of
neutrino as 200 Mpc and the cosmokogical DM density.
With other collider search limits, they studied the several
e↵ective operators for the interaction.
For a long-range interaction about the astrophysical

size, the matter e↵ects are integrated over the inter-
action size and may a↵ect the flavor oscillations. The
neutrino flavor distribution at Earth can constrain the
lepton-number symmetries [18–23].
In this letter, we consider the recent observation of the

high energy neutrino, IceCube-170922A, to obtain the
robust bound on the interaction of neutrino with DM
at high energy and combine with other experiments at
di↵erent energies. As an specific example, we use modes
of the scalar DM with fermion mediation and fermionic
DM with gauge mediation.
Multi-messenger high energy neutrino: IceCube-

170922A. The high energy neutrino, IceCube-170922A,
was observed by IceCube on 22 September 2017 at en-
ergy 290 TeV, that is the first high energy neutrino whose
source is identified together with other multi-messenger
observations [1]. The identified source is the �-ray blazar
TXS 0506+056, located at redshift z = 0.3365± 0.0010.
The redshift corresponds to the distance 1421+1425

�1416 Mpc.
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Conversion of coordinates

Spherical coordinates

Hammer-Aitoff projection

Here,  is the longitude and  the latitude in the original coordinate system.
The resulting coordinates  and  are in the range of  and , respectively.

Galactic coordinates

Equatorial coordinates, ( , ), can be converted into Galactic coordinates, ( , ), via

and

Here,  and  are the equatorial coordinates of the Galactic north pole, while  is the Galactic longitude
of the equatorial north pole. In the case of J2000.0 coordinates we get

In the case of B1950.0 coordinates the constants to be used are

x = r sin(ϑ) cos(φ)
y = r sin(ϑ) sin(φ)
z = r cos(ϑ)
r = + +x2 y2 z2‾ ‾‾‾‾‾‾‾‾‾‾√
tan(φ) = y/x
cos(ϑ) = z/r
0 ≤ φ < 2π
0 ≤ ϑ ≤ π

x = cos(φ) sin(λ/2)/8‾√ 1 + cos(φ) cos(λ/2)‾ ‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾√
y = sin(φ)/2‾√ 1 + cos(φ) cos(λ/2)‾ ‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾√

λ = − … +180∘ 180∘ φ = − … +90∘ 90∘

x y ± 8‾√ ± 2‾√

α δ l b

tan( − l) =l0
cos(δ) sin(α − )α0

sin(δ) cos( ) − cos(δ) sin( ) cos(α − )δ0 δ0 α0

sin(b) = sin(δ) sin( ) + cos(δ) cos( ) cos(α − )δ0 δ0 α0

α0 δ0 l0

α0
δ0
l0

≈
≈
≈

192.8595 ∘

27.1284∘

122.9320 ∘
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Change of Coordinates

From equatorial coordinates to Galactic coordinates
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Galactic longitude of the equatorial north pole
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IceCube-190922A

Galactic Coordinate

b=-19.6 degree
l=15.4 degree
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Dissipation of Neutrino flux

The interaction of neutrinos with dark matter in the Universe
can suppress the flux of neutrinos along the path from the source 
to Earth 

2

Neutrino energy �/Mdm[ cm2/GeV] Exp. [Ref.]

⇠ 100 eV 6⇥ 10�31 CMB [? ? ]

⇠ 100 eV 10�33 Lyman-↵ [? ]

10 MeV 10�22 SN1987A [? ]

290 TeV 10�22 IceCube-170922A [? ]

TABLE I: Upper bound on the neutrino-DM scattering cross
section from di↵erent experiments. In the first column, we
specified the corresponding neutrino energy for that each ex-
perimental constraint is applied.

distance 1421+1425
�1416 Mpc. This is the first known distance

of the high energy neutrino.
If the neutrinos interact with dark matter, the neutri-

nos can undergo dissipation during the propagation and
may not arrive at Earth. The dissipation depends on the
scattering cross section and the number density of dark
matter along the path of the neutrino and the suppression
factor is given by exp(�

R
n�ds). When the integration

in the exponent
R
n�ds is much bigger than 1, the neu-

trino flux is exponentially suppressed and they cannot
arrive at the Earth and we cannot observe the neutrino
source.

Since the number density of dark matter may changes
with propagation, we can approximate the suppression
factor as one from the cosmological dark matter and the
other from dark matter in our Milky Way

Z

path
�n(x)dl = n0�L+

Z

los

�ngal(x)dl,

=
�

Mdm

✓
⇢0L+

Z

los

⇢gal(x)dl

◆
.

(1)

Here L is the distance form the source of neutrino to the
Earth and n0 and ndm(x) are the DM number density
in the large scale Universe and in the Milky Way. In
the second line, we used the relation between DM en-
ergy density and DM mass, ⇢dm = ndmMdm, to convert
the number density to energy density. We assume that
the cosmological DM density, ⇢0 ' 1.3⇥ 10�6 GeV/ cm3,
which is averaged as constant and does not change along
the path. However the DM density in our Milky Way
is position dependent and we assume the NFW profile
given by

⇢gal(x) =
⇢
s

r

rs

⇣
1 + r

rs

⌘2 , (2)

where ⇢
s

= 0.184GeV/ cm3, r
s

= 24.42 kpc with ⇢� =
0.3GeV/ cm3, and r is the distance from the Galactic
center.

� = �0e
�

R
path �n(x)dl (3)

For the neutrinos from IceCube-170922A with the dis-
tance L = 1421Mpc, we find that the cosmological sup-
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FIG. 1: The upper bound on the scattering cross section for
di↵erent energy dependence of scattering of neutrinos with
dark matter. Those points of ”Ice-Cube” and ”Lyman-↵”
are the experimental upper bound on the cross section for
Mdm = 1GeV at the corresponding neutrino energy. Here
we used the power-law form �(E⌫) = �0

�
E⌫

1GeV

�n
, with index

n = 0, 2, 4 for dotted, dashed, and solid lines respectively.

pression factor is

⇢0L ' 5.7⇥ 1021 GeV/ cm2. (4)

For the suppression due to the DM interaction in the
Milky Way, we need to consider the direction of the neu-
trino source and integrate the number density along the
path of the neutrinos. We find that the suppression fac-
tor is

Z

los

⇢gal(x)dl ' 3.8⇥ 1022 GeV/ cm2. (5)

For this calculation we use the direction of the IceCube-
170922A in the right ascension (RA) 77.42+0.95

�0.65 and decli-

nation (Dec) +5.72+0.50
�0.30 and converted it to the Galactic

coordinate used in ⇢dm of the Milky Way halo. We find
that this result does not depend on the DM halo profile,
since the direction to the IceCube-170922A is outward of
the Milky Way from the Earth.

Incidentally both contribution from cosmological DM
and Milky Way DM are very comparable, since the small
cosmological DM density is compensated by the long
distance. The observation of the high energy neutrino
IceCube-170922A implies that the neutrino flux did not
have much suppression during its propagation. This en-
ables us to find the precise upper bound on the interac-
tion of neutrino with dark matter. Considering that the
suppresion is not bigger than 99% of the original flux, we
require

R
�ndl . 2.3. Using Eq. (??) and Eq. (??), we

can find the upper bound on the scattering cross section
as

�

Mdm
.
✓
⇢0L+

Z

MW

⇢dm(x)dl

◆�1

' 5.3⇥ 10�23 cm2/GeV at E
⌫

= 290TeV.
(6)

The suppression depends on the scattering cross section between
DM and neutrinos and as well as the DM number density along the 
path.

2

Neutrino energy �/Mdm[ cm2/GeV] Exp. [Ref.]

⇠ 100 eV 6⇥ 10�31 CMB [12, 13]

⇠ 100 eV 10�33 Lyman-↵ [10]

10 MeV 10�22 SN1987A [8]

290 TeV 10�22 IceCube-170922A [1]

TABLE I: Upper bound on the neutrino-DM scattering cross
section from di↵erent experiments. In the first column, we
specified the corresponding neutrino energy for that each ex-
perimental constraint is applied.
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may not arrive at Earth. The dissipation depends on the
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matter along the path of the neutrino and the suppression
factor is given by exp(�
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n�ds). When the integration

in the exponent
R
n�ds is much bigger than 1, the neu-

trino flux is exponentially suppressed and they cannot
arrive at the Earth and we cannot observe the neutrino
source.

Since the number density of dark matter may changes
with propagation, we can approximate the suppression
factor as one from the cosmological dark matter and the
other from dark matter in our Milky Way
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Here L is the distance form the source of neutrino to the
Earth and n0 and ndm(x) are the DM number density
in the large scale Universe and in the Milky Way. In
the second line, we used the relation between DM en-
ergy density and DM mass, ⇢dm = ndmMdm, to convert
the number density to energy density. We assume that
the cosmological DM density, ⇢0 ' 1.3⇥ 10�6 GeV/ cm3,
which is averaged as constant and does not change along
the path. However the DM density in our Milky Way
is position dependent and we assume the NFW profile
given by
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where ⇢
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= 0.184GeV/ cm3, r
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= 24.42 kpc with ⇢� =
0.3GeV/ cm3, and r is the distance from the Galactic
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For the suppression due to the DM interaction in the
Milky Way, we need to consider the direction of the neu-
trino source and integrate the number density along the
path of the neutrinos. We find that the suppression fac-
tor is

Z

los

⇢gal(x)dl ' 3.8⇥ 1022 GeV/ cm2. (5)

For this calculation we use the direction of the IceCube-
170922A in the right ascension (RA) 77.42+0.95

�0.65 and decli-

nation (Dec) +5.72+0.50
�0.30 and converted it to the Galactic

coordinate used in ⇢dm of the Milky Way halo. We find
that this result does not depend on the DM halo profile,
since the direction to the IceCube-170922A is outward of
the Milky Way from the Earth.

Incidentally both contribution from cosmological DM
and Milky Way DM are very comparable, since the small
cosmological DM density is compensated by the long
distance. The observation of the high energy neutrino
IceCube-170922A implies that the neutrino flux did not
have much suppression during its propagation. This en-
ables us to find the precise upper bound on the interac-
tion of neutrino with dark matter. Considering that the
suppresion is not bigger than 99% of the original flux, we
require
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�ndl . 2.3. Using Eq. (3) and Eq. (4), we can
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nos can undergo dissipation during the propagation and
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matter along the path of the neutrino and the suppression
factor is given by exp(�

R
n�ds). When the integration

in the exponent
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n�ds is much bigger than 1, the neu-
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arrive at the Earth and we cannot observe the neutrino
source.
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Here L is the distance form the source of neutrino to the
Earth and n0 and ndm(x) are the DM number density
in the large scale Universe and in the Milky Way. In
the second line, we used the relation between DM en-
ergy density and DM mass, ⇢dm = ndmMdm, to convert
the number density to energy density. We assume that
the cosmological DM density, ⇢0 ' 1.3⇥ 10�6 GeV/ cm3,
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the path. However the DM density in our Milky Way
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given by
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For the suppression due to the DM interaction in the
Milky Way, we need to consider the direction of the neu-
trino source and integrate the number density along the
path of the neutrinos. We find that the suppression fac-
tor is

Z

los

⇢gal(x)dl ' 3.8⇥ 1022 GeV/ cm2. (5)

For this calculation we use the direction of the IceCube-
170922A in the right ascension (RA) 77.42+0.95

�0.65 and decli-

nation (Dec) +5.72+0.50
�0.30 and converted it to the Galactic

coordinate used in ⇢dm of the Milky Way halo. We find
that this result does not depend on the DM halo profile,
since the direction to the IceCube-170922A is outward of
the Milky Way from the Earth.

Incidentally both contribution from cosmological DM
and Milky Way DM are very comparable, since the small
cosmological DM density is compensated by the long
distance. The observation of the high energy neutrino
IceCube-170922A implies that the neutrino flux did not
have much suppression during its propagation. This en-
ables us to find the precise upper bound on the interac-
tion of neutrino with dark matter. Considering that the
suppresion is not bigger than 99% of the original flux, we
require

R
�ndl . 2.3. Using Eq. (4) and Eq. (5), we can

find the upper bound on the scattering cross section as
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The observation of neutrinos imply that
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TABLE I: Upper bound on the neutrino-DM scattering cross
section from di↵erent experiments. In the first column, we
specified the corresponding neutrino energy for that each ex-
perimental constraint is applied.

This is the first known distance of the high energy neu-
trino.

If the neutrinos interact with dark matter, the neutri-
nos can undergo dissipation during the propagation and
may not arrive at Earth. The dissipation depends on the
scattering cross section and the number density of dark
matter along the path of the neutrino and the suppression
factor is given by exp(�

R
n�ds). When the integration

in the exponent
R
n�ds is much bigger than 1, the neu-

trino flux is exponentially suppressed and they cannot
arrive at the Earth and we cannot observe the neutrino
source.

Since the number density of dark matter may changes
with propagation, we can approximate the suppression
factor as one from the cosmological dark matter and the
other from dark matter in our Milky Way
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Here L is the distance form the source of neutrino to the
Earth and n0 and ndm(x) are the DM number density
in the large scale Universe and in the Milky Way. In
the second line, we used the relation between DM en-
ergy density and DM mass, ⇢dm = ndmMdm, to convert
the number density to energy density. We assume that
the cosmological DM density, ⇢0 ' 1.3⇥ 10�6 GeV/ cm3,
which is averaged as constant and does not change along
the path. However the DM density in our Milky Way
is position dependent and we assume the NFW profile
given by

⇢gal(x) =
⇢
s

r

rs

⇣
1 + r

rs

⌘2 , (2)

where ⇢
s

= 0.184GeV/ cm3, r
s

= 24.42 kpc with ⇢� =
0.3GeV/ cm3, and r is the distance from the Galactic
center.

For the neutrinos from IceCube-170922A with the dis-
tance L = 1421Mpc, we find that the cosmological sup-
pression factor is

⇢0L ' 5.7⇥ 1021 GeV/ cm2. (3)
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For the suppression due to the DM interaction in the
Milky Way, we need to consider the direction of the neu-
trino source and integrate the number density along the
path of the neutrinos. We find that the suppression fac-
tor is

Z

los

⇢gal(x)dl ' 3.8⇥ 1022 GeV/ cm2. (4)

For this calculation we use the direction of the IceCube-
170922A in the right ascension (RA) 77.42+0.95

�0.65 and decli-

nation (Dec) +5.72+0.50
�0.30 and converted it to the Galactic

coordinate used in ⇢dm of the Milky Way halo. We find
that this result does not depend on the DM halo profile,
since the direction to the IceCube-170922A is outward of
the Milky Way from the Earth.
Incidentally both contribution from cosmological DM

and Milky Way DM are very comparable, since the small
cosmological DM density is compensated by the long
distance. The observation of the high energy neutrino
IceCube-170922A implies that the neutrino flux did not
have much suppression during its propagation. This en-
ables us to find the precise upper bound on the interac-
tion of neutrino with dark matter. Considering that the
suppresion is not bigger than 99% of the original flux, we
require

R
�ndl . 2.3. Using Eq. (3) and Eq. (4), we can

find the upper bound on the scattering cross section as
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Here we considered that the scattering cross section does
not change during the propagation.
Considering the flavor distribution of IceCube-

170922A, what can we obtain?
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specified the corresponding neutrino energy for that each ex-
perimental constraint is applied.
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nos can undergo dissipation during the propagation and
may not arrive at Earth. The dissipation depends on the
scattering cross section and the number density of dark
matter along the path of the neutrino and the suppression
factor is given by exp(�

R
n�ds). When the integration

in the exponent
R
n�ds is much bigger than 1, the neu-

trino flux is exponentially suppressed and they cannot
arrive at the Earth and we cannot observe the neutrino
source.

Since the number density of dark matter may changes
with propagation, we can approximate the suppression
factor as one from the cosmological dark matter and the
other from dark matter in our Milky Way
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Here L is the distance form the source of neutrino to the
Earth and n0 and ndm(x) are the DM number density
in the large scale Universe and in the Milky Way. In
the second line, we used the relation between DM en-
ergy density and DM mass, ⇢dm = ndmMdm, to convert
the number density to energy density. We assume that
the cosmological DM density, ⇢0 ' 1.3⇥ 10�6 GeV/ cm3,
which is averaged as constant and does not change along
the path. However the DM density in our Milky Way
is position dependent and we assume the NFW profile
given by

⇢gal(x) =
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⌘2 , (2)

where ⇢
s

= 0.184GeV/ cm3, r
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= 24.42 kpc with ⇢� =
0.3GeV/ cm3, and r is the distance from the Galactic
center.

For the neutrinos from IceCube-170922A with the dis-
tance L = 1421Mpc, we find that the cosmological sup-
pression factor is

⇢0L ' 5.7⇥ 1021 GeV/ cm2. (3)
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For the suppression due to the DM interaction in the
Milky Way, we need to consider the direction of the neu-
trino source and integrate the number density along the
path of the neutrinos. We find that the suppression fac-
tor is

Z
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⇢gal(x)dl ' 3.8⇥ 1022 GeV/ cm2. (4)

For this calculation we use the direction of the IceCube-
170922A in the right ascension (RA) 77.42+0.95

�0.65 and decli-

nation (Dec) +5.72+0.50
�0.30 and converted it to the Galactic

coordinate used in ⇢dm of the Milky Way halo. We find
that this result does not depend on the DM halo profile,
since the direction to the IceCube-170922A is outward of
the Milky Way from the Earth.
Incidentally both contribution from cosmological DM

and Milky Way DM are very comparable, since the small
cosmological DM density is compensated by the long
distance. The observation of the high energy neutrino
IceCube-170922A implies that the neutrino flux did not
have much suppression during its propagation. This en-
ables us to find the precise upper bound on the interac-
tion of neutrino with dark matter. Considering that the
suppresion is not bigger than 99% of the original flux, we
require

R
�ndl . 2.3. Using Eq. (3) and Eq. (4), we can
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Here we considered that the scattering cross section does
not change during the propagation.
Considering the flavor distribution of IceCube-

170922A, what can we obtain?
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factor is given by exp(�
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n�ds). When the integration
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n�ds is much bigger than 1, the neu-

trino flux is exponentially suppressed and they cannot
arrive at the Earth and we cannot observe the neutrino
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with propagation, we can approximate the suppression
factor as one from the cosmological dark matter and the
other from dark matter in our Milky Way
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Here L is the distance form the source of neutrino to the
Earth and n0 and ndm(x) are the DM number density
in the large scale Universe and in the Milky Way. In
the second line, we used the relation between DM en-
ergy density and DM mass, ⇢dm = ndmMdm, to convert
the number density to energy density. We assume that
the cosmological DM density, ⇢0 ' 1.3⇥ 10�6 GeV/ cm3,
which is averaged as constant and does not change along
the path. However the DM density in our Milky Way
is position dependent and we assume the NFW profile
given by

⇢gal(x) =
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1 + r
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⌘2 , (2)

where ⇢
s

= 0.184GeV/ cm3, r
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= 24.42 kpc with ⇢� =
0.3GeV/ cm3, and r is the distance from the Galactic
center.

L = 1420Mpc (3)

For the neutrinos from IceCube-170922A with the dis-
tance L = 1421Mpc, we find that the cosmological sup-
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dark matter. Those points of ”Ice-Cube” and ”Lyman-↵”
are the experimental upper bound on the cross section for
Mdm = 1GeV at the corresponding neutrino energy. Here
we used the power-law form �(E⌫) = �0

�
E⌫

1GeV

�n
, with index

n = 0, 2, 4 for dotted, dashed, and solid lines respectively.

pression factor is

⇢0L ' 5.7⇥ 1021 GeV/ cm2. (4)

For the suppression due to the DM interaction in the
Milky Way, we need to consider the direction of the neu-
trino source and integrate the number density along the
path of the neutrinos. We find that the suppression fac-
tor is

Z

los

⇢gal(x)dl ' 3.8⇥ 1022 GeV/ cm2. (5)

For this calculation we use the direction of the IceCube-
170922A in the right ascension (RA) 77.42+0.95

�0.65 and decli-

nation (Dec) +5.72+0.50
�0.30 and converted it to the Galactic

coordinate used in ⇢dm of the Milky Way halo. We find
that this result does not depend on the DM halo profile,
since the direction to the IceCube-170922A is outward of
the Milky Way from the Earth.

Incidentally both contribution from cosmological DM
and Milky Way DM are very comparable, since the small
cosmological DM density is compensated by the long
distance. The observation of the high energy neutrino
IceCube-170922A implies that the neutrino flux did not
have much suppression during its propagation. This en-
ables us to find the precise upper bound on the interac-
tion of neutrino with dark matter. Considering that the
suppresion is not bigger than 99% of the original flux, we
require

R
�ndl . 2.3. Using Eq. (3) and Eq. (4), we can

find the upper bound on the scattering cross section as
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TABLE I: Upper bound on the neutrino-DM scattering cross
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This is the first known distance of the high energy neu-
trino.

If the neutrinos interact with dark matter, the neutri-
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may not arrive at Earth. The dissipation depends on the
scattering cross section and the number density of dark
matter along the path of the neutrino and the suppression
factor is given by exp(�
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n�ds). When the integration

in the exponent
R
n�ds is much bigger than 1, the neu-

trino flux is exponentially suppressed and they cannot
arrive at the Earth and we cannot observe the neutrino
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with propagation, we can approximate the suppression
factor as one from the cosmological dark matter and the
other from dark matter in our Milky Way
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Here L is the distance form the source of neutrino to the
Earth and n0 and ndm(x) are the DM number density
in the large scale Universe and in the Milky Way. In
the second line, we used the relation between DM en-
ergy density and DM mass, ⇢dm = ndmMdm, to convert
the number density to energy density. We assume that
the cosmological DM density, ⇢0 ' 1.3⇥ 10�6 GeV/ cm3,
which is averaged as constant and does not change along
the path. However the DM density in our Milky Way
is position dependent and we assume the NFW profile
given by

⇢gal(x) =
⇢
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⌘2 , (2)

where ⇢
s

= 0.184GeV/ cm3, r
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= 24.42 kpc with ⇢� =
0.3GeV/ cm3, and r is the distance from the Galactic
center.

L = 1420Mpc (3)

For the neutrinos from IceCube-170922A with the dis-
tance L = 1421Mpc, we find that the cosmological sup-
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For the suppression due to the DM interaction in the
Milky Way, we need to consider the direction of the neu-
trino source and integrate the number density along the
path of the neutrinos. We find that the suppression fac-
tor is

Z

los

⇢gal(x)dl ' 3.8⇥ 1022 GeV/ cm2. (5)

For this calculation we use the direction of the IceCube-
170922A in the right ascension (RA) 77.42+0.95

�0.65 and decli-

nation (Dec) +5.72+0.50
�0.30 and converted it to the Galactic

coordinate used in ⇢dm of the Milky Way halo. We find
that this result does not depend on the DM halo profile,
since the direction to the IceCube-170922A is outward of
the Milky Way from the Earth.

Incidentally both contribution from cosmological DM
and Milky Way DM are very comparable, since the small
cosmological DM density is compensated by the long
distance. The observation of the high energy neutrino
IceCube-170922A implies that the neutrino flux did not
have much suppression during its propagation. This en-
ables us to find the precise upper bound on the interac-
tion of neutrino with dark matter. Considering that the
suppresion is not bigger than 99% of the original flux, we
require

R
�ndl . 2.3. Using Eq. (3) and Eq. (4), we can

find the upper bound on the scattering cross section as
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section from di↵erent experiments. In the first column, we
specified the corresponding neutrino energy for that each ex-
perimental constraint is applied.

This is the first known distance of the high energy neu-
trino.

If the neutrinos interact with dark matter, the neutri-
nos can undergo dissipation during the propagation and
may not arrive at Earth. The dissipation depends on the
scattering cross section and the number density of dark
matter along the path of the neutrino and the suppression
factor is given by exp(�

R
n�ds). When the integration

in the exponent
R
n�ds is much bigger than 1, the neu-

trino flux is exponentially suppressed and they cannot
arrive at the Earth and we cannot observe the neutrino
source.

Since the number density of dark matter may changes
with propagation, we can approximate the suppression
factor as one from the cosmological dark matter and the
other from dark matter in our Milky Way
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Here L is the distance form the source of neutrino to the
Earth and n0 and ndm(x) are the DM number density
in the large scale Universe and in the Milky Way. In
the second line, we used the relation between DM en-
ergy density and DM mass, ⇢dm = ndmMdm, to convert
the number density to energy density. We assume that
the cosmological DM density, ⇢0 ' 1.3⇥ 10�6 GeV/ cm3,
which is averaged as constant and does not change along
the path. However the DM density in our Milky Way
is position dependent and we assume the NFW profile
given by

⇢gal(x) =
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1 + r
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⌘2 , (2)

where ⇢
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= 0.184GeV/ cm3, r
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= 24.42 kpc with ⇢� =
0.3GeV/ cm3, and r is the distance from the Galactic
center.

L = 1420Mpc (3)

For the neutrinos from IceCube-170922A with the dis-
tance L = 1421Mpc, we find that the cosmological sup-
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For the suppression due to the DM interaction in the
Milky Way, we need to consider the direction of the neu-
trino source and integrate the number density along the
path of the neutrinos. We find that the suppression fac-
tor is

Z

los

⇢gal(x)dl ' 3.8⇥ 1022 GeV/ cm2. (5)

For this calculation we use the direction of the IceCube-
170922A in the right ascension (RA) 77.42+0.95

�0.65 and decli-

nation (Dec) +5.72+0.50
�0.30 and converted it to the Galactic

coordinate used in ⇢dm of the Milky Way halo. We find
that this result does not depend on the DM halo profile,
since the direction to the IceCube-170922A is outward of
the Milky Way from the Earth.

Incidentally both contribution from cosmological DM
and Milky Way DM are very comparable, since the small
cosmological DM density is compensated by the long
distance. The observation of the high energy neutrino
IceCube-170922A implies that the neutrino flux did not
have much suppression during its propagation. This en-
ables us to find the precise upper bound on the interac-
tion of neutrino with dark matter. Considering that the
suppresion is not bigger than 99% of the original flux, we
require
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trino.
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Here L is the distance form the source of neutrino to the
Earth and n0 and ndm(x) are the DM number density
in the large scale Universe and in the Milky Way. In
the second line, we used the relation between DM en-
ergy density and DM mass, ⇢dm = ndmMdm, to convert
the number density to energy density. We assume that
the cosmological DM density, ⇢0 ' 1.3⇥ 10�6 GeV/ cm3,
which is averaged as constant and does not change along
the path. However the DM density in our Milky Way
is position dependent and we assume the NFW profile
given by
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pression factor is

⇢0L ' 5.7⇥ 1021 GeV/ cm2. (4)

For the suppression due to the DM interaction in the
Milky Way, we need to consider the direction of the neu-
trino source and integrate the number density along the
path of the neutrinos. We find that the suppression fac-
tor is

Z
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⇢gal(x)dl ' 3.8⇥ 1022 GeV/ cm2. (5)

For this calculation we use the direction of the IceCube-
170922A in the right ascension (RA) 77.42+0.95

�0.65 and decli-

nation (Dec) +5.72+0.50
�0.30 and converted it to the Galactic

coordinate used in ⇢dm of the Milky Way halo. We find
that this result does not depend on the DM halo profile,
since the direction to the IceCube-170922A is outward of
the Milky Way from the Earth.

Incidentally both contribution from cosmological DM
and Milky Way DM are very comparable, since the small
cosmological DM density is compensated by the long
distance. The observation of the high energy neutrino
IceCube-170922A implies that the neutrino flux did not
have much suppression during its propagation. This en-
ables us to find the precise upper bound on the interac-
tion of neutrino with dark matter. Considering that the
suppresion is not bigger than 99% of the original flux, we
require

R
�ndl . 2.3. Using Eq. (3) and Eq. (4), we can

find the upper bound on the scattering cross section as
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scattering cross section and the number density of dark
matter along the path of the neutrino and the suppression
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Here L is the distance form the source of neutrino to the
Earth and n0 and ndm(x) are the DM number density
in the large scale Universe and in the Milky Way. In
the second line, we used the relation between DM en-
ergy density and DM mass, ⇢dm = ndmMdm, to convert
the number density to energy density. We assume that
the cosmological DM density, ⇢0 ' 1.3⇥ 10�6 GeV/ cm3,
which is averaged as constant and does not change along
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is position dependent and we assume the NFW profile
given by
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that this result does not depend on the DM halo profile,
since the direction to the IceCube-170922A is outward of
the Milky Way from the Earth.

Incidentally both contribution from cosmological DM
and Milky Way DM are very comparable, since the small
cosmological DM density is compensated by the long
distance. The observation of the high energy neutrino
IceCube-170922A implies that the neutrino flux did not
have much suppression during its propagation. This en-
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Here L is the distance form the source of neutrino to the
Earth and n0 and ndm(x) are the DM number density
in the large scale Universe and in the Milky Way. In
the second line, we used the relation between DM en-
ergy density and DM mass, ⇢dm = ndmMdm, to convert
the number density to energy density. We assume that
the cosmological DM density, ⇢0 ' 1.3⇥ 10�6 GeV/ cm3,
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trino source and integrate the number density along the
path of the neutrinos. We find that the suppression fac-
tor is
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�0.65 and decli-

nation (Dec) +5.72+0.50
�0.30 and converted it to the Galactic

coordinate used in ⇢dm of the Milky Way halo. We find
that this result does not depend on the DM halo profile,
since the direction to the IceCube-170922A is outward of
the Milky Way from the Earth.

Incidentally both contribution from cosmological DM
and Milky Way DM are very comparable, since the small
cosmological DM density is compensated by the long
distance. The observation of the high energy neutrino
IceCube-170922A implies that the neutrino flux did not
have much suppression during its propagation. This en-
ables us to find the precise upper bound on the interac-
tion of neutrino with dark matter. Considering that the
suppresion is not bigger than 99% of the original flux, we
require
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DM is non-relativistic
sigma is constant
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Here L is the distance form the source of neutrino to the
Earth and n0 and ndm(x) are the DM number density
in the large scale Universe and in the Milky Way. In
the second line, we used the relation between DM en-
ergy density and DM mass, ⇢dm = ndmMdm, to convert
the number density to energy density. We assume that
the cosmological DM density, ⇢0 ' 1.3⇥ 10�6 GeV/ cm3,
which is averaged as constant and does not change along
the path. However the DM density in our Milky Way
is position dependent and we assume the NFW profile
given by
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where ⇢
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= 24.42 kpc with ⇢� =
0.3GeV/ cm3, and r is the distance from the Galactic
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For the neutrinos from IceCube-170922A with the dis-
tance L = 1421Mpc, we find that the cosmological sup-
pression factor is

⇢0L ' 5.7⇥ 1021 GeV/ cm2. (3)
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For the suppression due to the DM interaction in the
Milky Way, we need to consider the direction of the neu-
trino source and integrate the number density along the
path of the neutrinos. We find that the suppression fac-
tor is

Z

los

⇢gal(x)dl ' 3.8⇥ 1022 GeV/ cm2. (4)

For this calculation we use the direction of the IceCube-
170922A in the right ascension (RA) 77.42+0.95

�0.65 and decli-

nation (Dec) +5.72+0.50
�0.30 and converted it to the Galactic

coordinate used in ⇢dm of the Milky Way halo. We find
that this result does not depend on the DM halo profile,
since the direction to the IceCube-170922A is outward of
the Milky Way from the Earth.
Incidentally both contribution from cosmological DM

and Milky Way DM are very comparable, since the small
cosmological DM density is compensated by the long
distance. The observation of the high energy neutrino
IceCube-170922A implies that the neutrino flux did not
have much suppression during its propagation. This en-
ables us to find the precise upper bound on the interac-
tion of neutrino with dark matter. Considering that the
suppresion is not bigger than 99% of the original flux, we
require

R
�ndl . 2.3. Using Eq. (4) and Eq. (5), we can

find the upper bound on the scattering cross section as
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Here we considered that the scattering cross section does
not change during the propagation.
Considering the flavor distribution of IceCube-

170922A, what can we obtain?
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The neutrino travels long distance from the source to the Earth through the of dark matter
halo in our Milky Way and the clusters of galaxies. The interaction of the neutrinos with dark
matter may a↵ect the flux of neutrinos. The recent multi-messenger observation of high energy
neutrino, IceCube-170922A, can give the robust upper bound �/Mdm . 5.3 ⇥ 10�23 cm2/GeV
on the interaction between neutrino and dark matter at neutrino energy 290TeV allowing 99%
suppression. Combining the constraints from CMB and LSS at di↵erent neutrino energies, we can
constrain the models of interacting neutrinos with dark matter.

PACS numbers:

Introduction. Since the neutrinos interact only
weakly with matter and propagate without intermission,
the high energy neutrinos are considered to be good mes-
senger to uncover the mystery of the distant astrophysical
objects. The recent discovery of the high energy neu-
trino IceCube-170922A at neutrino energy 290 TeV was
accompanied by other observations such as gamma-ray,
X-ray, optical and radio. Through these multi-messenger
observations, the source could be identified as a flaring
blazar which is located 1421 Mpc away [1].

However new interaction of neutrinos with matters in
the Universe may a↵ect the propagation of neutrinos by
reducing the flux or changing the flavors [2, 3]. The non-
diagonal or non-universal matter potential generated by
new interactions modify the neutrino oscillation behav-
ior and result in deviation from the present observation.
The strong constraint is given on the non-standard in-
teraction from atmospheric data [4], at the production,
propagation and detection [5], and from even neutrino
experiments [6].

The neutrinos can have interactions with dark mat-
ter. The dark matter compose the 26% of the present
Universe and spread all over the Universe, with more
localization near the galaxies and clusters of galaxies.
Even though the simplest cosmological ⇤CDM model as-
sumes only gravitationally interacting dark matter, how-
ever many models of particles physics predict the non-
gravitational interaction of dark matter with standard
model particles as well as self interaction between dark
matters.

The interaction of neutrinos with dark matter has been
considered in the cosmology and neutrino observation.
Before last scattering of CMB, the interactions of DM
beyond gravity lead to a suppression of the primordial
density fluctuations, and thus erase the small scale struc-
tures and suppress the CMB spectrum at small scales [7–
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13].
In the present Universe, the interaction of neutrinos

with DM can dissipate the neutrino and suppress the
flux of neutrinos at Earth. This attenuation once was
used to explain the suppression of high-energy neutrino
flux [14]. This suppression also can be used to constrain
the interaction of neutrino and DM, especially for ultra-
light scalar dark matter [14, 15].
In [16], Arguelles et al. considered the present-day in-

teractions between high-energy cosmic neutrinos and the
DM halo of the Milky Way. By taking the isotropic distri-
bution of 53 high-energy neutrinos they could constrain
the DM-neutrino interactions, since the attenuation of
the neutrino flux depends on the direction of the source
and lead to the energy-dependent anisotropy.
Pandey et al. [17] instead considered the significant

flux suppression of high-energy astrophysical neutrinos
due to the interactions with dark matter. They allowed
1% suppression by just assuming the traveling distance of
neutrino as 200 Mpc and the cosmokogical DM density.
With other collider search limits, they studied the several
e↵ective operators for the interaction.
For a long-range interaction about the astrophysical

size, the matter e↵ects are integrated over the inter-
action size and may a↵ect the flavor oscillations. The
neutrino flavor distribution at Earth can constrain the
lepton-number symmetries [18–23].
In this letter, we consider the recent observation of the

high energy neutrino, IceCube-170922A, to obtain the
robust bound on the interaction of neutrino with DM
at high energy and combine with other experiments at
di↵erent energies. As an specific example, we use modes
of the scalar DM with fermion mediation and fermionic
DM with gauge mediation.
Multi-messenger high energy neutrino: IceCube-

170922A. The high energy neutrino, IceCube-170922A,
was observed by IceCube on 22 September 2017 at en-
ergy 290 TeV, that is the first high energy neutrino whose
source is identified together with other multi-messenger
observations [1]. The identified source is the �-ray blazar
TXS 0506+056, located at redshift z = 0.3365± 0.0010.
The redshift corresponds to the distance 1421+1425

�1416 Mpc.
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TABLE I: Upper bound on the neutrino-DM scattering cross
section from di↵erent experiments. In the first column, we
specified the corresponding neutrino energy for that each ex-
perimental constraint is applied.

This is the first known distance of the high energy neu-
trino.

If the neutrinos interact with dark matter, the neutri-
nos can undergo dissipation during the propagation and
may not arrive at Earth. The dissipation depends on the
scattering cross section and the number density of dark
matter along the path of the neutrino and the suppression
factor is given by exp(�

R
n�ds). When the integration

in the exponent
R
n�ds is much bigger than 1, the neu-

trino flux is exponentially suppressed and they cannot
arrive at the Earth and we cannot observe the neutrino
source.

Since the number density of dark matter may changes
with propagation, we can approximate the suppression
factor as one from the cosmological dark matter and the
other from dark matter in our Milky Way
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Here L is the distance form the source of neutrino to the
Earth and n0 and ndm(x) are the DM number density
in the large scale Universe and in the Milky Way. In
the second line, we used the relation between DM en-
ergy density and DM mass, ⇢dm = ndmMdm, to convert
the number density to energy density. We assume that
the cosmological DM density, ⇢0 ' 1.3⇥ 10�6 GeV/ cm3,
which is averaged as constant and does not change along
the path. However the DM density in our Milky Way
is position dependent and we assume the NFW profile
given by

⇢gal(x) =
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rs
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1 + r

rs

⌘2 , (2)

where ⇢
s

= 0.184GeV/ cm3, r
s

= 24.42 kpc with ⇢� =
0.3GeV/ cm3, and r is the distance from the Galactic
center.

For the neutrinos from IceCube-170922A with the dis-
tance L = 1421Mpc, we find that the cosmological sup-
pression factor is

⇢0L ' 5.7⇥ 1021 GeV/ cm2. (3)

MDM=1 GeV

-10 -5 0 5 10
-50

-45

-40

-35

-30

-25

-20

-15

Log10Eν GeV]

Lo
g 1
0σ

ν-
D
M
[c
m
2 ] Ice-Cube

Lyman-α

FIG. 1: The upper bound on the scattering cross section for
di↵erent energy dependence of scattering of neutrinos with
dark matter. Those points of ”Ice-Cube” and ”Lyman-↵”
are the experimental upper bound on the cross section for
Mdm = 1GeV at the corresponding neutrino energy. Here
we used the power-law form �(E⌫) = �0

�
E⌫

1GeV

�n
, with index

n = 0, 2, 4 for dotted, dashed, and solid lines respectively.

For the suppression due to the DM interaction in the
Milky Way, we need to consider the direction of the neu-
trino source and integrate the number density along the
path of the neutrinos. We find that the suppression fac-
tor is
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⇢gal(x)dl ' 3.8⇥ 1022 GeV/ cm2. (4)

For this calculation we use the direction of the IceCube-
170922A in the right ascension (RA) 77.42+0.95
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�0.30 and converted it to the Galactic

coordinate used in ⇢dm of the Milky Way halo. We find
that this result does not depend on the DM halo profile,
since the direction to the IceCube-170922A is outward of
the Milky Way from the Earth.
Incidentally both contribution from cosmological DM

and Milky Way DM are very comparable, since the small
cosmological DM density is compensated by the long
distance. The observation of the high energy neutrino
IceCube-170922A implies that the neutrino flux did not
have much suppression during its propagation. This en-
ables us to find the precise upper bound on the interac-
tion of neutrino with dark matter. Considering that the
suppresion is not bigger than 99% of the original flux, we
require
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⇢gal(x)dl

◆
.

(1)

Here L is the distance form the source of neutrino to the
Earth and n0 and ndm(x) are the DM number density
in the large scale Universe and in the Milky Way. In
the second line, we used the relation between DM en-
ergy density and DM mass, ⇢dm = ndmMdm, to convert
the number density to energy density. We assume that
the cosmological DM density, ⇢0 ' 1.3⇥ 10�6 GeV/ cm3,
which is averaged as constant and does not change along
the path. However the DM density in our Milky Way
is position dependent and we assume the NFW profile
given by

⇢gal(x) =
⇢
s

r

rs

⇣
1 + r

rs

⌘2 , (2)

where ⇢
s

= 0.184GeV/ cm3, r
s

= 24.42 kpc with ⇢� =
0.3GeV/ cm3, and r is the distance from the Galactic
center.

For the neutrinos from IceCube-170922A with the dis-
tance L = 1421Mpc, we find that the cosmological sup-
pression factor is

⇢0L ' 5.7⇥ 1021 GeV/ cm2. (3)
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FIG. 1: The upper bound on the scattering cross section for
di↵erent energy dependence of scattering of neutrinos with
dark matter. Those points of ”Ice-Cube” and ”Lyman-↵”
are the experimental upper bound on the cross section for
Mdm = 1GeV at the corresponding neutrino energy. Here
we used the power-law form �(E⌫) = �0

�
E⌫

1GeV

�n
, with index

n = 0, 2, 4 for dotted, dashed, and solid lines respectively.

For the suppression due to the DM interaction in the
Milky Way, we need to consider the direction of the neu-
trino source and integrate the number density along the
path of the neutrinos. We find that the suppression fac-
tor is

Z

los

⇢gal(x)dl ' 3.8⇥ 1022 GeV/ cm2. (4)

For this calculation we use the direction of the IceCube-
170922A in the right ascension (RA) 77.42+0.95

�0.65 and decli-

nation (Dec) +5.72+0.50
�0.30 and converted it to the Galactic

coordinate used in ⇢dm of the Milky Way halo. We find
that this result does not depend on the DM halo profile,
since the direction to the IceCube-170922A is outward of
the Milky Way from the Earth.
Incidentally both contribution from cosmological DM

and Milky Way DM are very comparable, since the small
cosmological DM density is compensated by the long
distance. The observation of the high energy neutrino
IceCube-170922A implies that the neutrino flux did not
have much suppression during its propagation. This en-
ables us to find the precise upper bound on the interac-
tion of neutrino with dark matter. Considering that the
suppresion is not bigger than 99% of the original flux, we
require

R
�ndl . 2.3. Using Eq. (4) and Eq. (5), we can

find the upper bound on the scattering cross section as

�

Mdm
.
✓
⇢0L+

Z

los

⇢gal(x)dl

◆�1

' 5.3⇥ 10�23 cm2/GeV at E
⌫

= 290TeV.
(5)

Here we considered that the scattering cross section does
not change during the propagation.
Considering the flavor distribution of IceCube-

170922A, what can we obtain?

Constraint on the DM-neutrino interaction

Requiring less than 90% suppression of the flux

x2.3

We obtain the upper bound on the cross section/mass as
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scalar DM with a fermion mediattion [12]. Here we fixed
Mdm = 1keV and used m

N

= 10 keV, 1MeV, and 1GeV
and show the behavior of the cross section with biggest
coupling that satisfies the experimental bounds in Ta-
ble I.

In Fig. 2 (Right), the upper bound on the coupling
is shown versus DM mass for given mediator mass with
m

N

= 1keV, 1MeV, and 1GeV. The strongest bound

comes from di↵erent experiments depending on the en-
ergy dependence of the cross section from Mdm and m

N

.
Fermion DM mediated by U(1) gauge boson.

Lint = �g
⌫

⌫
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�µZ 0
µ

⌫
L

� g
�

��µZ 0
µ

�. (9)

Conclusion.

Appendix. Model of scalar DM mediated by a Dirac fermion
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Model of Dirac DM with a Z 0 gauge boson mediated to the neutrino. The elastic scattering cross section is given
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where M
Z

0 is the mass of Z 0 gauge boson.
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Suppression of small scales

From Lyman-alpha, (similar from CMB too)

3

stay collisional for much longer than in the standard case. This reduces their free-streaming length and increases their
ability to cluster and form large-scale structures.

By confronting the CMB and LSS predictions to observations, one can get an upper bound on the strength of DM-⌫
interactions. Using Planck’s angular matter power spectra, one obtains that the DM-⌫ elastic scattering cross section
cannot exceed �

el

< 6 ⇥ 10

�34

�
m

DM

MeV

�
cm

2 [28, 30]. This limit is based on physical processes that took place in the
linear regime and is therefore fairly robust. Nevertheless, it would be a bit stronger with extremely precise polarised
data. An alternative is to require the matter distribution in the early Universe to be compatible with Lyman-↵
observations. This means that the damping can only happen at small scales, which translates into a constraint on the
elastic scattering cross section of [27]
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for a constant elastic cross section, and
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, (2)

for a temperature-dependent cross section, where T

0

= 2.35⇥ 10

�4 eV is the photon temperature today. While there
are uncertainties regarding the use of Lyman-↵ emitters to constrain the matter power spectrum, similar limits have
been derived using the number of satellite companions of the Milky Way [13–15, 31]. Such limits are conservative and
could become much stronger with a better understanding of the role of baryons in galaxy formation, since astrophysical
feedback processes may also reduce the number of satellites (see, e.g., Ref. [32]).
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where ⇢� is the energy density of photons. However N
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cannot be arbitrarily large as this would impact the formation
of light elements at the time of big bang nucleosynthesis (BBN) [34–39] and the CMB angular power spectrum at
decoupling [40–50]. This condition eventually rules out DM candidates much lighter than a few MeVs [48, 51].

The derivation of the precise value of the DM mass bound assumes DM was in thermal equilibrium with neutrinos.
Nevertheless, even in the case of non-thermal DM, a limit on N
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could be set, if DM annihilates (or decays) into
neutrinos after BBN and before decoupling.

D. Signatures in neutrino detectors

DM annihilations in high density regions like the Milky Way may lead to a detectable monochromatic flux of
neutrinos (and antineutrinos) in neutrino detectors [2, 52]. This occurs because each neutrino produced from DM
annihilations in the Milky Way has an energy equal to the DM mass. Assuming for simplicity that DM annihilates
into the three neutrino flavours with the same probability (hence, the factor of 3 in the following equation), the
differential neutrino and antineutrino flux per flavour produced (and at Earth3) by DM annihilations in the Milky
Way halo is given by [2]
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3 Note that, because of the very long propagation distances, �m2 L/E � 1, an incoherent mixture of mass eigenstates arrives at Earth.
This implies that whatever the flavor fractions at the source are, the ⌫e fraction at the detector would be within [4/7, 5/2]/3, and our
results apply to all cases within a factor of 2 or so.
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stay collisional for much longer than in the standard case. This reduces their free-streaming length and increases their
ability to cluster and form large-scale structures.

By confronting the CMB and LSS predictions to observations, one can get an upper bound on the strength of DM-⌫
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data. An alternative is to require the matter distribution in the early Universe to be compatible with Lyman-↵
observations. This means that the damping can only happen at small scales, which translates into a constraint on the
elastic scattering cross section of [27]

�

el

< 10

�36

⇣
m

DM

MeV

⌘
cm

2

, (1)

for a constant elastic cross section, and

�

el

< 10

�48

⇣
m

DM

MeV

⌘ ✓
T⌫

T

0

◆
2

cm

2

, (2)

for a temperature-dependent cross section, where T

0

= 2.35⇥ 10

�4 eV is the photon temperature today. While there
are uncertainties regarding the use of Lyman-↵ emitters to constrain the matter power spectrum, similar limits have
been derived using the number of satellite companions of the Milky Way [13–15, 31]. Such limits are conservative and
could become much stronger with a better understanding of the role of baryons in galaxy formation, since astrophysical
feedback processes may also reduce the number of satellites (see, e.g., Ref. [32]).

C. Neutrino reheating bounds

DM annihilations into neutrinos after the neutrino decoupling from electrons, i.e., at T . T

dec

⇠ 2.3 MeV [33], can
reheat the neutrino sector and lead to visible signatures. The subsequent change in the neutrino energy density is
equivalent to increasing the number of relativistic degrees of freedom, N

e↵

, in the early Universe, according to

⇢⌫ ⌘ ⇢�

"
1 +

7

8

✓
T⌫

T�

◆
4/3

N

e↵

#
, (3)

where ⇢� is the energy density of photons. However N
e↵

cannot be arbitrarily large as this would impact the formation
of light elements at the time of big bang nucleosynthesis (BBN) [34–39] and the CMB angular power spectrum at
decoupling [40–50]. This condition eventually rules out DM candidates much lighter than a few MeVs [48, 51].

The derivation of the precise value of the DM mass bound assumes DM was in thermal equilibrium with neutrinos.
Nevertheless, even in the case of non-thermal DM, a limit on N

e↵

could be set, if DM annihilates (or decays) into
neutrinos after BBN and before decoupling.

D. Signatures in neutrino detectors

DM annihilations in high density regions like the Milky Way may lead to a detectable monochromatic flux of
neutrinos (and antineutrinos) in neutrino detectors [2, 52]. This occurs because each neutrino produced from DM
annihilations in the Milky Way has an energy equal to the DM mass. Assuming for simplicity that DM annihilates
into the three neutrino flavours with the same probability (hence, the factor of 3 in the following equation), the
differential neutrino and antineutrino flux per flavour produced (and at Earth3) by DM annihilations in the Milky
Way halo is given by [2]

d�

dE⌫
=

h�v
r

i
2

J
avg

R

0

⇢

2

0

m

2

DM

1

3

�(E⌫ �m

DM

) ⌘ �(h�v
r

i,m
DM

) �(E⌫ �m

DM

) , (4)

3 Note that, because of the very long propagation distances, �m2 L/E � 1, an incoherent mixture of mass eigenstates arrives at Earth.
This implies that whatever the flavor fractions at the source are, the ⌫e fraction at the detector would be within [4/7, 5/2]/3, and our
results apply to all cases within a factor of 2 or so.

for constant cross section,

for temperature-dependent cross section,

3

stay collisional for much longer than in the standard case. This reduces their free-streaming length and increases their
ability to cluster and form large-scale structures.

By confronting the CMB and LSS predictions to observations, one can get an upper bound on the strength of DM-⌫
interactions. Using Planck’s angular matter power spectra, one obtains that the DM-⌫ elastic scattering cross section
cannot exceed �

el

< 6 ⇥ 10

�34

�
m

DM

MeV

�
cm

2 [28, 30]. This limit is based on physical processes that took place in the
linear regime and is therefore fairly robust. Nevertheless, it would be a bit stronger with extremely precise polarised
data. An alternative is to require the matter distribution in the early Universe to be compatible with Lyman-↵
observations. This means that the damping can only happen at small scales, which translates into a constraint on the
elastic scattering cross section of [27]

�

el

< 10

�36

⇣
m

DM

MeV

⌘
cm

2

, (1)

for a constant elastic cross section, and

�

el

< 10

�48

⇣
m

DM

MeV

⌘ ✓
T⌫

T

0

◆
2

cm

2

, (2)

for a temperature-dependent cross section, where T

0

= 2.35⇥ 10

�4 eV is the photon temperature today. While there
are uncertainties regarding the use of Lyman-↵ emitters to constrain the matter power spectrum, similar limits have
been derived using the number of satellite companions of the Milky Way [13–15, 31]. Such limits are conservative and
could become much stronger with a better understanding of the role of baryons in galaxy formation, since astrophysical
feedback processes may also reduce the number of satellites (see, e.g., Ref. [32]).

C. Neutrino reheating bounds

DM annihilations into neutrinos after the neutrino decoupling from electrons, i.e., at T . T

dec

⇠ 2.3 MeV [33], can
reheat the neutrino sector and lead to visible signatures. The subsequent change in the neutrino energy density is
equivalent to increasing the number of relativistic degrees of freedom, N

e↵

, in the early Universe, according to

⇢⌫ ⌘ ⇢�

"
1 +

7

8

✓
T⌫

T�

◆
4/3

N

e↵

#
, (3)

where ⇢� is the energy density of photons. However N
e↵

cannot be arbitrarily large as this would impact the formation
of light elements at the time of big bang nucleosynthesis (BBN) [34–39] and the CMB angular power spectrum at
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This bound is applied for neutrino energy at around eV-100 eV.
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Energy dependence of the constraint2

Neutrino energy �/Mdm[ cm2/GeV] Exp. [Ref.]

⇠ 100 eV 6⇥ 10�31 CMB [12, 13]

⇠ 100 eV 10�33 Lyman-↵ [10]

10 MeV 10�22 SN1987A [8]

290 TeV 10�22 IceCube-170922A [1]

TABLE I: Upper bound on the neutrino-DM scattering cross
section from di↵erent experiments. In the first column, we
specified the corresponding neutrino energy for that each ex-
perimental constraint is applied.

This is the first known distance of the high energy neu-
trino.

If the neutrinos interact with dark matter, the neutri-
nos can undergo dissipation during the propagation and
may not arrive at Earth. The dissipation depends on the
scattering cross section and the number density of dark
matter along the path of the neutrino and the suppression
factor is given by exp(�

R
n�ds). When the integration

in the exponent
R
n�ds is much bigger than 1, the neu-

trino flux is exponentially suppressed and they cannot
arrive at the Earth and we cannot observe the neutrino
source.

Since the number density of dark matter may changes
with propagation, we can approximate the suppression
factor as one from the cosmological dark matter and the
other from dark matter in our Milky Way
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Here L is the distance form the source of neutrino to the
Earth and n0 and ndm(x) are the DM number density
in the large scale Universe and in the Milky Way. In
the second line, we used the relation between DM en-
ergy density and DM mass, ⇢dm = ndmMdm, to convert
the number density to energy density. We assume that
the cosmological DM density, ⇢0 ' 1.3⇥ 10�6 GeV/ cm3,
which is averaged as constant and does not change along
the path. However the DM density in our Milky Way
is position dependent and we assume the NFW profile
given by

⇢gal(x) =
⇢
s

r

rs

⇣
1 + r

rs

⌘2 , (2)

where ⇢
s

= 0.184GeV/ cm3, r
s

= 24.42 kpc with ⇢� =
0.3GeV/ cm3, and r is the distance from the Galactic
center.

For the neutrinos from IceCube-170922A with the dis-
tance L = 1421Mpc, we find that the cosmological sup-
pression factor is

⇢0L ' 5.7⇥ 1021 GeV/ cm2. (3)
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FIG. 1: The upper bound on the scattering cross section for
di↵erent energy dependence of scattering of neutrinos with
dark matter. Those points of ”Ice-Cube” and ”Lyman-↵”
are the experimental upper bound on the cross section for
Mdm = 1GeV at the corresponding neutrino energy. Here
we used the power-law form �(E⌫) = �0

�
E⌫

1GeV
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, with index

n = 0, 2, 4 for dotted, dashed, and solid lines respectively.

For the suppression due to the DM interaction in the
Milky Way, we need to consider the direction of the neu-
trino source and integrate the number density along the
path of the neutrinos. We find that the suppression fac-
tor is

Z

los

⇢gal(x)dl ' 3.8⇥ 1022 GeV/ cm2. (4)

For this calculation we use the direction of the IceCube-
170922A in the right ascension (RA) 77.42+0.95

�0.65 and decli-

nation (Dec) +5.72+0.50
�0.30 and converted it to the Galactic

coordinate used in ⇢dm of the Milky Way halo. We find
that this result does not depend on the DM halo profile,
since the direction to the IceCube-170922A is outward of
the Milky Way from the Earth.
Incidentally both contribution from cosmological DM

and Milky Way DM are very comparable, since the small
cosmological DM density is compensated by the long
distance. The observation of the high energy neutrino
IceCube-170922A implies that the neutrino flux did not
have much suppression during its propagation. This en-
ables us to find the precise upper bound on the interac-
tion of neutrino with dark matter. Considering that the
suppresion is not bigger than 99% of the original flux, we
require

R
�ndl . 2.3. Using Eq. (4) and Eq. (5), we can

find the upper bound on the scattering cross section as

�

Mdm
.
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⇢0L+
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⇢gal(x)dl

◆�1

' 5.3⇥ 10�23 cm2/GeV at E
⌫

= 290TeV.
(5)

Here we considered that the scattering cross section does
not change during the propagation.
Considering the flavor distribution of IceCube-

170922A, what can we obtain?
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FIG. 2: Left: The scattering cross section versus neutrino energy for the model of complex scalar DM with a fermion medi-
attion [12]. Here we fixed Mdm = 1keV and used mN = 10 keV, 1MeV, and 1GeV and show the biggest cross section that
satisfies the experimental bounds. Right: The maximum values of the coupling g versus DM mass for given fermion mass
mN = 1keV, 1MeV, and 1GeV.
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FIG. 3: The same as Fig. 2 for fermion DM mediated by a gauge boson. Here we fixed Mdm = 1keV and used mN =
10 keV, 1MeV, and 1GeV and show the biggest cross section that satisfies the experimental bounds. Right: (Left) The
maximum values of the coupling g versus DM mass for given fermion mass mZ0 = 1keV, 1MeV, and 1GeV.

Upper bound on the interaction of neutrino with DM at

di↵erent energies. The present bound on the scattering
cross section between neutrino and DM is summarized in
Table I. The constraint from CMB and Lyman-↵ comes
from the small scale suppression of the density fluctuation
that has been caused before the last scattering of pho-
tons, when the neutrino energy was around 100 eV. The
constraint from high energy neutrino at IceCube 170922A
is applied for the neutrino energy 290 TeV.

Model of simple power-law. The scattering cross sec-
tion can have energy dependence. Here we use the simple
power-law form of the energy dependence with n = 0, 2, 4
as

�(E
⌫

) = �0

✓
E

⌫

1GeV

◆
n

, (6)

where �0 is the cross section normalized at the neutrino
energy at E

⌫

= 1GeV. In Fig. 1, we show the constraints
on the scattering cross section for di↵erent energy depen-
dence with n = 0, 2, 4. For each case, we find the upper

bound on �0 as

�0/Mdm . 10�33 cm2/GeV for n = 0,

�0/Mdm . 6.3⇥ 10�34 cm2/GeV for n = 2,

�0/Mdm . 7.5⇥ 10�45 cm2/GeV for n = 4.

(7)

Model of complex scalar DM mediated by a fermion.
Where resonance structure in the cross section? When
the DM is complex scalar and the mediator is a fermion,
the interaction Lagrangian will be

Lint = �g�N⌫
L

+ h.c., (8)

where g is the coupling for the Yukawa interaction be-
tween complex dark matter �, fermion N

R

, and left-
handed neutrino ⌫

L

. In this case, the mass of DM need
to be smaller than that of the fermion for stable DM.
The scattering cross section has non-trivial dependence
on the masses and neutrino energy. The cross section
scales as � / E2

⌫

for E
⌫

. Mdm, � / E
⌫

for Mdm .
E

⌫

. m2
N

/(2Mdm), and � / E�1
⌫

for E
⌫

& m2
N

/(2Mdm).
In Fig. 2 (Left), we show the scattering cross sec-

tion versus neutrino energy for the model of complex

n=0

n=2

n=4

The strongest constraint depends 
on the form of cross section.
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FIG. 2: Left: The scattering cross section versus neutrino energy for the model of complex scalar DM with a fermion medi-
attion [12]. Here we fixed Mdm = 1keV and used mN = 10 keV, 1MeV, and 1GeV and show the biggest cross section that
satisfies the experimental bounds. Right: The maximum values of the coupling g versus DM mass for given fermion mass
mN = 1keV, 1MeV, and 1GeV.
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Upper bound on the interaction of neutrino with DM at

di↵erent energies. The present bound on the scattering
cross section between neutrino and DM is summarized in
Table I. The constraint from CMB and Lyman-↵ comes
from the small scale suppression of the density fluctuation
that has been caused before the last scattering of pho-
tons, when the neutrino energy was around 100 eV. The
constraint from high energy neutrino at IceCube 170922A
is applied for the neutrino energy 290 TeV.
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power-law form of the energy dependence with n = 0, 2, 4
as
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where �0 is the cross section normalized at the neutrino
energy at E

⌫

= 1GeV. In Fig. 1, we show the constraints
on the scattering cross section for di↵erent energy depen-
dence with n = 0, 2, 4. For each case, we find the upper

bound on �0 as

�0/Mdm . 10�33 cm2/GeV for n = 0,

�0/Mdm . 6.3⇥ 10�34 cm2/GeV for n = 2,

�0/Mdm . 7.5⇥ 10�45 cm2/GeV for n = 4.
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Model of complex scalar DM mediated by a fermion.
Where resonance structure in the cross section? When
the DM is complex scalar and the mediator is a fermion,
the interaction Lagrangian will be

Lint = �g�N⌫
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+ h.c., (8)

where g is the coupling for the Yukawa interaction be-
tween complex dark matter �, fermion N

R

, and left-
handed neutrino ⌫
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. In this case, the mass of DM need
to be smaller than that of the fermion for stable DM.
The scattering cross section has non-trivial dependence
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FIG. 2: Left: The scattering cross section versus neutrino energy for the model of complex scalar DM with a fermion medi-
attion [12]. Here we fixed Mdm = 1keV and used mN = 10 keV, 1MeV, and 1GeV and show the biggest cross section that
satisfies the experimental bounds. Right: The maximum values of the coupling g versus DM mass for given fermion mass
mN = 1keV, 1MeV, and 1GeV.
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FIG. 3: The same as Fig. 2 for fermion DM mediated by a gauge boson. Here we fixed Mdm = 1keV and used mN =
10 keV, 1MeV, and 1GeV and show the biggest cross section that satisfies the experimental bounds. Right: (Left) The
maximum values of the coupling g versus DM mass for given fermion mass mZ0 = 1keV, 1MeV, and 1GeV.

Upper bound on the interaction of neutrino with DM at

di↵erent energies. The present bound on the scattering
cross section between neutrino and DM is summarized in
Table I. The constraint from CMB and Lyman-↵ comes
from the small scale suppression of the density fluctuation
that has been caused before the last scattering of pho-
tons, when the neutrino energy was around 100 eV. The
constraint from high energy neutrino at IceCube 170922A
is applied for the neutrino energy 290 TeV.
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power-law form of the energy dependence with n = 0, 2, 4
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where �0 is the cross section normalized at the neutrino
energy at E
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= 1GeV. In Fig. 1, we show the constraints
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dence with n = 0, 2, 4. For each case, we find the upper
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FIG. 2: Left: The scattering cross section versus neutrino energy for the model of complex scalar DM with a fermion medi-
attion [12]. Here we fixed Mdm = 1keV and used mN = 10 keV, 1MeV, and 1GeV and show the biggest cross section that
satisfies the experimental bounds. Right: The maximum values of the coupling g versus DM mass for given fermion mass
mN = 1keV, 1MeV, and 1GeV.
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FIG. 3: The same as Fig. 2 for fermion DM mediated by a gauge boson. Here we fixed Mdm = 1keV and used mN =
10 keV, 1MeV, and 1GeV and show the biggest cross section that satisfies the experimental bounds. Right: (Left) The
maximum values of the coupling g versus DM mass for given fermion mass mZ0 = 1keV, 1MeV, and 1GeV.

Upper bound on the interaction of neutrino with DM at

di↵erent energies. The present bound on the scattering
cross section between neutrino and DM is summarized in
Table I. The constraint from CMB and Lyman-↵ comes
from the small scale suppression of the density fluctuation
that has been caused before the last scattering of pho-
tons, when the neutrino energy was around 100 eV. The
constraint from high energy neutrino at IceCube 170922A
is applied for the neutrino energy 290 TeV.
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tion can have energy dependence. Here we use the simple
power-law form of the energy dependence with n = 0, 2, 4
as
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where �0 is the cross section normalized at the neutrino
energy at E
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= 1GeV. In Fig. 1, we show the constraints
on the scattering cross section for di↵erent energy depen-
dence with n = 0, 2, 4. For each case, we find the upper

bound on �0 as

�0/Mdm . 10�33 cm2/GeV for n = 0,

�0/Mdm . 6.3⇥ 10�34 cm2/GeV for n = 2,
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Where resonance structure in the cross section? When
the DM is complex scalar and the mediator is a fermion,
the interaction Lagrangian will be
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+ h.c., (8)

where g is the coupling for the Yukawa interaction be-
tween complex dark matter �, fermion N
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, and left-
handed neutrino ⌫
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. In this case, the mass of DM need
to be smaller than that of the fermion for stable DM.
The scattering cross section has non-trivial dependence
on the masses and neutrino energy. The cross section
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Fermion DM with vector mediator

4

scalar DM with a fermion mediattion [12]. Here we fixed
Mdm = 1keV and used m

N

= 10 keV, 1MeV, and 1GeV
and show the behavior of the cross section with biggest
coupling that satisfies the experimental bounds in Ta-
ble I.

In Fig. 2 (Right), the upper bound on the coupling
is shown versus DM mass for given mediator mass with
m

N

= 1keV, 1MeV, and 1GeV. The strongest bound

comes from di↵erent experiments depending on the en-
ergy dependence of the cross section from Mdm and m

N

.
Fermion DM mediated by U(1) gauge boson.

Lint = �g
⌫

⌫
L

�µZ 0
µ

⌫
L

� g
�

��µZ 0
µ

�. (9)

Conclusion.

Appendix. Model of scalar DM mediated by a Dirac fermion

� =
g4

16⇡

✓
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log
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m2
N

(1 + y)�Mdm
2

�
� 1

Mdm
2(y � 1) +m2

N

◆
. (10)

where y ' 2E
⌫

/Mdm.
Model of Dirac DM with a Z 0 gauge boson mediated to the neutrino. The elastic scattering cross section is given

by

� =
g2
�

g2
⌫

8⇡Mdm
2

✓
M2

Z

0

Mdm
2y2 +M2

Z

0(y + 1)
+

2Mdm
2

M2
Z

0
+

1

1 + y
� 2
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2(y + 1) +M2

Z

0

Mdm
2y2

log
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Mdm
2y2

M2
Z

0(1 + y)

�◆
, (11)

where M
Z

0 is the mass of Z 0 gauge boson.
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FIG. 2: Left: The scattering cross section versus neutrino energy for the model of complex scalar DM with a fermion medi-
attion [12]. Here we fixed Mdm = 1keV and used mN = 10 keV, 1MeV, and 1GeV and show the biggest cross section that
satisfies the experimental bounds. Right: The maximum values of the coupling g versus DM mass for given fermion mass
mN = 1keV, 1MeV, and 1GeV.
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FIG. 3: The same as Fig. 2 for fermion DM mediated by a gauge boson. Here we fixed Mdm = 1keV and used mN =
10 keV, 1MeV, and 1GeV and show the biggest cross section that satisfies the experimental bounds. Right: (Left) The
maximum values of the coupling g versus DM mass for given fermion mass mZ0 = 1keV, 1MeV, and 1GeV.

Upper bound on the interaction of neutrino with DM at

di↵erent energies. The present bound on the scattering
cross section between neutrino and DM is summarized in
Table I. The constraint from CMB and Lyman-↵ comes
from the small scale suppression of the density fluctuation
that has been caused before the last scattering of pho-
tons, when the neutrino energy was around 100 eV. The
constraint from high energy neutrino at IceCube 170922A
is applied for the neutrino energy 290 TeV.

Model of simple power-law. The scattering cross sec-
tion can have energy dependence. Here we use the simple
power-law form of the energy dependence with n = 0, 2, 4
as
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⌫
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, (6)

where �0 is the cross section normalized at the neutrino
energy at E

⌫

= 1GeV. In Fig. 1, we show the constraints
on the scattering cross section for di↵erent energy depen-
dence with n = 0, 2, 4. For each case, we find the upper

bound on �0 as

�0/Mdm . 10�33 cm2/GeV for n = 0,

�0/Mdm . 6.3⇥ 10�34 cm2/GeV for n = 2,

�0/Mdm . 7.5⇥ 10�45 cm2/GeV for n = 4.

(7)

Model of complex scalar DM mediated by a fermion.
Where resonance structure in the cross section? When
the DM is complex scalar and the mediator is a fermion,
the interaction Lagrangian will be

Lint = �g�N⌫
L

+ h.c., (8)

where g is the coupling for the Yukawa interaction be-
tween complex dark matter �, fermion N

R

, and left-
handed neutrino ⌫

L

. In this case, the mass of DM need
to be smaller than that of the fermion for stable DM.
The scattering cross section has non-trivial dependence
on the masses and neutrino energy. The cross section
scales as � / E2
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for E
⌫
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In Fig. 2 (Left), we show the scattering cross sec-

tion versus neutrino energy for the model of complex
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Conclusion

• The recent multi-messenger observations of IceCube170922A 
determine its source with definite distance and direction. 

• The identification of the source gives us the precise calculation 
of the neutrino flux change due to the DM and neutrinos and the 
constraint on the scattering cross section

• The strongest constraint on the interaction depends on the 
neutrino energy and the parameters in the model.

Constraining dark matter-neutrino interaction with IceCube-170922A

Ki-Young Choi,1, ⇤ Jongkuk Kim,1, † and Carsten Rott1, ‡

1
Department of Physics, BK21 Physics Research Division,

Institute of Basic Science, Sungkyunkwan University, 2066,

Seobu-ro, Jangan-gu, Suwon-si, Gyeong Gi-do, 16419 Korea

The neutrino travels long distance from the source to the Earth through the of dark matter
halo in our Milky Way and the clusters of galaxies. The interaction of the neutrinos with dark
matter may a↵ect the flux of neutrinos. The recent multi-messenger observation of high energy
neutrino, IceCube-170922A, can give the robust upper bound �/Mdm . 5.3 ⇥ 10�23 cm2/GeV
on the interaction between neutrino and dark matter at neutrino energy 290TeV allowing 99%
suppression. Combining the constraints from CMB and LSS at di↵erent neutrino energies, we can
constrain the models of interacting neutrinos with dark matter.

PACS numbers:

Introduction. Since the neutrinos interact only
weakly with matter and propagate without intermission,
the high energy neutrinos are considered to be good mes-
senger to uncover the mystery of the distant astrophysical
objects. The recent discovery of the high energy neu-
trino IceCube-170922A at neutrino energy 290 TeV was
accompanied by other observations such as gamma-ray,
X-ray, optical and radio. Through these multi-messenger
observations, the source could be identified as a flaring
blazar which is located 1421 Mpc away [1].

However new interaction of neutrinos with matters in
the Universe may a↵ect the propagation of neutrinos by
reducing the flux or changing the flavors [2, 3]. The non-
diagonal or non-universal matter potential generated by
new interactions modify the neutrino oscillation behav-
ior and result in deviation from the present observation.
The strong constraint is given on the non-standard in-
teraction from atmospheric data [4], at the production,
propagation and detection [5], and from even neutrino
experiments [6].

The neutrinos can have interactions with dark mat-
ter. The dark matter compose the 26% of the present
Universe and spread all over the Universe, with more
localization near the galaxies and clusters of galaxies.
Even though the simplest cosmological ⇤CDM model as-
sumes only gravitationally interacting dark matter, how-
ever many models of particles physics predict the non-
gravitational interaction of dark matter with standard
model particles as well as self interaction between dark
matters.

The interaction of neutrinos with dark matter has been
considered in the cosmology and neutrino observation.
Before last scattering of CMB, the interactions of DM
beyond gravity lead to a suppression of the primordial
density fluctuations, and thus erase the small scale struc-
tures and suppress the CMB spectrum at small scales [7–

⇤
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†
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‡
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13].
In the present Universe, the interaction of neutrinos

with DM can dissipate the neutrino and suppress the
flux of neutrinos at Earth. This attenuation once was
used to explain the suppression of high-energy neutrino
flux [14]. This suppression also can be used to constrain
the interaction of neutrino and DM, especially for ultra-
light scalar dark matter [14, 15].
In [16], Arguelles et al. considered the present-day in-

teractions between high-energy cosmic neutrinos and the
DM halo of the Milky Way. By taking the isotropic distri-
bution of 53 high-energy neutrinos they could constrain
the DM-neutrino interactions, since the attenuation of
the neutrino flux depends on the direction of the source
and lead to the energy-dependent anisotropy.
Pandey et al. [17] instead considered the significant

flux suppression of high-energy astrophysical neutrinos
due to the interactions with dark matter. They allowed
1% suppression by just assuming the traveling distance of
neutrino as 200 Mpc and the cosmokogical DM density.
With other collider search limits, they studied the several
e↵ective operators for the interaction.
For a long-range interaction about the astrophysical

size, the matter e↵ects are integrated over the inter-
action size and may a↵ect the flavor oscillations. The
neutrino flavor distribution at Earth can constrain the
lepton-number symmetries [18–23].
In this letter, we consider the recent observation of the

high energy neutrino, IceCube-170922A, to obtain the
robust bound on the interaction of neutrino with DM
at high energy and combine with other experiments at
di↵erent energies. As an specific example, we use modes
of the scalar DM with fermion mediation and fermionic
DM with gauge mediation.
Multi-messenger high energy neutrino: IceCube-

170922A. The high energy neutrino, IceCube-170922A,
was observed by IceCube on 22 September 2017 at en-
ergy 290 TeV, that is the first high energy neutrino whose
source is identified together with other multi-messenger
observations [1]. The identified source is the �-ray blazar
TXS 0506+056, located at redshift z = 0.3365± 0.0010.
The redshift corresponds to the distance 1421+1425

�1416 Mpc.

2

Neutrino energy �/Mdm[ cm2/GeV] Exp. [Ref.]

⇠ 100 eV 6⇥ 10�31 CMB [12, 13]

⇠ 100 eV 10�33 Lyman-↵ [10]

10 MeV 10�22 SN1987A [8]

290 TeV 10�22 IceCube-170922A [1]

TABLE I: Upper bound on the neutrino-DM scattering cross
section from di↵erent experiments. In the first column, we
specified the corresponding neutrino energy for that each ex-
perimental constraint is applied.

This is the first known distance of the high energy neu-
trino.

If the neutrinos interact with dark matter, the neutri-
nos can undergo dissipation during the propagation and
may not arrive at Earth. The dissipation depends on the
scattering cross section and the number density of dark
matter along the path of the neutrino and the suppression
factor is given by exp(�

R
n�ds). When the integration

in the exponent
R
n�ds is much bigger than 1, the neu-

trino flux is exponentially suppressed and they cannot
arrive at the Earth and we cannot observe the neutrino
source.

Since the number density of dark matter may changes
with propagation, we can approximate the suppression
factor as one from the cosmological dark matter and the
other from dark matter in our Milky Way

Z

path
�n(x)dl = n0�L+

Z

los

�ngal(x)dl,

=
�

Mdm

✓
⇢0L+

Z

los

⇢gal(x)dl

◆
.

(1)

Here L is the distance form the source of neutrino to the
Earth and n0 and ndm(x) are the DM number density
in the large scale Universe and in the Milky Way. In
the second line, we used the relation between DM en-
ergy density and DM mass, ⇢dm = ndmMdm, to convert
the number density to energy density. We assume that
the cosmological DM density, ⇢0 ' 1.3⇥ 10�6 GeV/ cm3,
which is averaged as constant and does not change along
the path. However the DM density in our Milky Way
is position dependent and we assume the NFW profile
given by

⇢gal(x) =
⇢
s

r

rs

⇣
1 + r

rs

⌘2 , (2)

where ⇢
s

= 0.184GeV/ cm3, r
s

= 24.42 kpc with ⇢� =
0.3GeV/ cm3, and r is the distance from the Galactic
center.

For the neutrinos from IceCube-170922A with the dis-
tance L = 1421Mpc, we find that the cosmological sup-
pression factor is

⇢0L ' 5.7⇥ 1021 GeV/ cm2. (3)
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FIG. 1: The upper bound on the scattering cross section for
di↵erent energy dependence of scattering of neutrinos with
dark matter. Those points of ”Ice-Cube” and ”Lyman-↵”
are the experimental upper bound on the cross section for
Mdm = 1GeV at the corresponding neutrino energy. Here
we used the power-law form �(E⌫) = �0

�
E⌫

1GeV

�n
, with index

n = 0, 2, 4 for dotted, dashed, and solid lines respectively.

For the suppression due to the DM interaction in the
Milky Way, we need to consider the direction of the neu-
trino source and integrate the number density along the
path of the neutrinos. We find that the suppression fac-
tor is

Z

los

⇢gal(x)dl ' 3.8⇥ 1022 GeV/ cm2. (4)

For this calculation we use the direction of the IceCube-
170922A in the right ascension (RA) 77.42+0.95

�0.65 and decli-

nation (Dec) +5.72+0.50
�0.30 and converted it to the Galactic

coordinate used in ⇢dm of the Milky Way halo. We find
that this result does not depend on the DM halo profile,
since the direction to the IceCube-170922A is outward of
the Milky Way from the Earth.
Incidentally both contribution from cosmological DM

and Milky Way DM are very comparable, since the small
cosmological DM density is compensated by the long
distance. The observation of the high energy neutrino
IceCube-170922A implies that the neutrino flux did not
have much suppression during its propagation. This en-
ables us to find the precise upper bound on the interac-
tion of neutrino with dark matter. Considering that the
suppresion is not bigger than 99% of the original flux, we
require

R
�ndl . 2.3. Using Eq. (4) and Eq. (5), we can

find the upper bound on the scattering cross section as

�

Mdm
.
✓
⇢0L+

Z

los

⇢gal(x)dl

◆�1

' 5.3⇥ 10�23 cm2/GeV at E
⌫

= 290TeV.
(5)

Here we considered that the scattering cross section does
not change during the propagation.
Considering the flavor distribution of IceCube-

170922A, what can we obtain?
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