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Search for High Energy Astrophysical Neutrinos  
Experimental status

Antonio Capone Astrophysical n detection
- Why ?
- How ?
- Where ?
The n, g, HE C.R. connection
- Multi-messenger search for 

H.E. astrophysical sources
Results from Cherenkov n
Telescopes
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Gamma rays  (0.01 - 1 Mpc)

1 parsec (pc) = 3.26 light years (ly)

AGN, SNR, 
Microquasars, …protons E<1019 eV

neutrinos

Cosmic 
accelerator

protons E>1019 eV (10 Mpc)

This is our 
region of 

interest

Motivations for High Energy Neutrino Astrophysics
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Atmospheric µ‘s dominate by 
many order of magnitude the 
muons induced by neutrinos

Upward-going particles 
are the preferred 
signature for extra-
terrestrial neutrino 
interactions

Upgoing muons from 
atmospheric neutrinos 
represent the irreducible 
background

- for 1 astrophysical 𝜈! event:
à ~ 100 atm. 𝜈! events
à ~ 108 atmospheric muons
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€ 

For Eν ≥1TeV   θµν ~ 0.7°

Eν [TeV ]

- Atmospheric neutrino flux ~ En
-3

- Neutrino flux from cosmic sources ~ En
-2

§ Search for neutrinos with En>1÷10 TeV

- ~TeV muons propagate in water for several km
before being stopped
• go deep to reduce down-going atmospheric µ backg.
• long µ tracks allow good angular reconstruction

Picture from ANTARES
up-going neutrino

µ

µ direction reconstructed from the
arrival time of Cherenkov photons on
the Optical Modules: needed good
measurement of PMT hits, s(t)~1ns,
and good knowledge of PMT
positions: (s ~10cm)

Cherenkov
Neutrino

Telescope

43°

water/ice

rock

charge current
interactions

Neutrinos from cosmic sources
induce 1-100 muon evts/y
in a km3 Neutrino Telescope

Up-going µ from neutrinos 
generated in atm. showers

S/N ~ 10-4

Down-going µ from atm. showers
S/N ~ 10-6 at 3500m  w.e. depth

p, nuclei

p, nuclei

Search for neutrino induced 
events, mainly                  ,  deep 
underwater 

€ 

vµ  N→ µ X
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CC –SN n n Oscillations           Indirect D.M search          Astroph. Sources                 GZK n, ...
MeV                 10 < En < 100 GeV GeV < En < 100 GeV  TeV < En < EeV > EeV

- n Oscillations
- n Hierarchy
- Sterile n

- D. M. search
- Monopoles
- Nuclearites

- n from extra-
terrestrial sources
- Hadronic-leptonic ?
- Origin, acceleration 
mechanism of HE CR

U.H.E. C.R. 
nature and 

propagation

- n from SN
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• Their identification requires a detector with accurate 
angular reconstruction

• Search for sources from catalogue
• Auto-correlation search 

Search for point-like cosmic Neutrino Sources

Search 
here !!!

Search for Diffuse flux of Cosmic Neutrinos 

• Neutrinos from:
• Unresolved AGN
• "Z-bursts"
• "GZK like" proton-CMB interactions

• Top-Down models n
• ….

Their identification out of the more intense 
background of atmospheric neutrinos (and µ) is 
possible at very high energies (Eµ >> TeV) and 
requires good energy reconstruction.
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In operation at the South Pole since 2010
Sensitive to TeV – PeV neutrinos

IceTop detector
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In operation 2008 - 2022
Sensitive to TeV – 100 TeV n

Results fully compatible 
with IceCube diffuse flux

Ap.J.Lett. 853 (2018) 1, L7
https://pos.sissa.it/358/891/pdf-(ICRC19)

-
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Neutrinos carry direct information on CR propagation:
-Non-homogeneous diffusion can enhance g and n emission
-Molecular clouds/dense environments boost g and n fluxes

Astrophys.J. 868 (2018) no.2, L20
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PRD 96, 082001 (2017) 
PoS(ICRC2021)1161 

- 13 years (2007-2020) data sample: 3845 days, 10162 traks, 225 showers
- Searching for a statistical excess from given sky point (sources catalogue) 
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boosted decision trees using 17 observables, and includes the
use of the IceTop veto.

The total number of southern sky events selected from the
three-year sample is 146,018 events.

3.3. Relative Fraction of Source Events for Different Source
Assumptions

The relative fraction of expected source events from each
sample needs to be calculated to estimate its respective weight
in the likelihood that will be used to search for an excess of
events from a particular direction (see Section 4). This fraction
is defined as the ratio of the expected number of signal events
for the given sample to that for all samples,
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The time integration extends over the live time of each
sample and dnA E ,j

eff ( ) indicates the effective area of the
corresponding detector layout j as a function of the neutrino
energy, Eν, and the declination of the source, δ.

Because each detector layout has a different response
depending on the neutrino energy and declination, this relative
fraction of source events needs to be calculated for different
source spectra and source declinations. Figure 3 shows the
relative fraction of signal events for an unbroken E−2 spectrum,
which corresponds to vanilla first order Fermi acceleration
(Krymskii 1977; Blandford & Ostriker 1978). In this case, there
is a significant contribution from all samples over most of the
southern Sky, with the ANTARES contribution being more
significant for declinations closer to δ=−90° and IceCube for
declinations closer to 0°. The reason for this variability is
mostly due to the declination-dependent energy cut applied in

the IceCube samples to reduce the background of atmospheric
muons.
Other source assumptions are also considered in this

analysis. The relative fraction of source events is calculated
for an unbroken E−2.5 power-law spectrum, as suggested in
recent IceCube diffuse-flux searches (Aartsen et al. 2015), and
for an E−2 spectrum with exponential square-root cut-offs
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cut off‐
of 100 TeV, 300 TeV, and 1 PeV,

because a square-root dependence may be expected from
Galactic sources (Kappes et al. 2007). Figure 4 shows the
relative fraction of source events for these cases. Compared
with an unbroken E−2 spectrum, the contribution of high-
energy neutrinos in all of these cases is lower, and therefore the
relative contribution of the ANTARES sample increases.

4. SEARCH METHOD

An unbinned ML ratio estimation has been performed to
search for excesses of events that would indicate cosmic
neutrinos coming from a common source. In order to estimate
the significance of a cluster of events, this likelihood takes into
account the energy and directional information of each event.
Due to the different detector response, the data sample that an
event belongs to is also taken into account. The likelihood, as a
function of the total number of fitted signal events, ns, can be
expressed as:
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where j marks one of the four data samples, i indicates an event
belonging to the jth sample, Si

j is the value of the signal
probability distribution function (PDF) for the ith event, Bi

j

indicates the value of the background PDF, Nj is the total
number of events in the jth sample, and n j

s is the number of
signal events fitted for in the jth sample. Because a given
evaluation of the likelihood refers to a single source hypothesis
at a fixed sky location, the number of signal events n j

s that are
fitted for in each sample is related to the total number of signal

Figure 6. Skymap of pre-trial p-values for the combined ANTARES 2007–2012 and IceCube 40, 59, 79 point-source analyses. The red circle indicates the location of
the most significant cluster (0.7σ post-trial significance in the one-sided sigma convention), discussed in the text.
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The Astrophysical Journal, 823:65 (12pp), 2016 May 20 Adrián-Martínez et al.

Skymap of pre-trial p-values for the combined 
ANTARES 2007/12 and IceCube 40, 59, 79 

point-source analyses. 

The Astrophysical Journal, 823:65 (12pp), 2016 May 20 

The red circle indicates the 
location of the most 
significant cluster:
(0.7σ post-trial significance) 
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sin d
POS(ICRC2021)1161
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For steady sources (AGN, ...): signal and background integrated over long time 
- search for a statistical evidence in the distribution of tracks around the source
- S/B favoured at high energy

For transient sources (GW, flaring blazars, GRBs, ...) : signal and background 
integrated over emission time: 
- e.g.:   negligible background for GRB neutrinos
- relaxed selection criteria, increased efficiency for neutrinos
- need for an external trigger 
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GCN (Gamma-ray
Coordination Network)

TAToO 
(Telescopes – ANTARES 
Target of Opportunity)

Optical follow-up of 
neutrino alerts for 

transient source search 
(GRBs, SNae).

Analysis in progress!

ANTARES
Optical Telescopes
TAROT & ROSTE + more 

ANTARES VIRGO
LIGO

common working group (GWHEN)
S. Adrián-Martínez et al.,

JCAP 06 (2013) 008

Flaring Sources
(n emission from g-flaring 

blazars/µQuasars)

ANTARES

ANTARES         GCN

Ageron et al., Astrop.Phys 35 (2012) 530-536

ANTARES       AUGER

A&A 559, A9 (2013),
JCAP 1303 (2013) 006

Adrian-Martinez et al.,
ApJ 774 (2013) 008

Gamma-Rays
X-Rays

blazars:      APP 36 (2012) 304; 
µQuasars: JHEAp, 3-4 (2014) 9-7

Neutrinos trigger others

Others trigger neutrinos
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The EHE alert: IceCube-170922A 

Chad Finley - Oskar Klein Centre, Stockholm University 2	

Science 361, 6398, (2018) eaat1378 

TXS	0506+056:	First	evidence	of	a	ν	source	

I.	Taboada	|	Georgia	Inst.	of	Tech.	 5	

TXS	0506+056		
Flare	in	Fermi	

IceCube-170922:	a	neutrino	alert	issued	by	IceCube	
Fermi	and	MAGIC	identify	a	spatially	coincident	flaring	blazar	(TXS	0506+056)	
A	ν-flare	was	found	in	archival	IceCube	data	(10/2014	–	03/2015)	

Science	361	(2018)	eaat1378	
Science	361	(2018)	147-151	

Very H.E. (~290 TeV) event 
announced by IceCube with a 
GCN notice 43s after the trigger

MAGIC

FERMI

Observed a blazar 
with Dq~0.060

Observed g in time 
coincidence with Eg >100GeV
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More neutrinos (~10) emission from the direction of the blazar TXS 0506+056 IceCube-170922A alert”, 
IceCube Collaboration: M.G. Aartsen et al. Science 361, 147-151 (2018). pointing to TXS0506+056

3.5σ evidence (a-priori following predefined tests procedures) 
E. Resconi | RICAP-2022 
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Search for spatial and temporal
coincidence of neutrinos with radio 
blazars

2774 radio-bright blazars investigated.

No significant evidence of neutrino 
flare found.

G. Illuminati @Neutrino2022

Notable case of J0242+1101 (PKS 0239+108) 
Post-trial p-value of 56% (40%) for the Gaussian (Box) shape.



Antonio Capone Elba Island (Tuscany, Italy), September 29th, 2022 21

t =    0 s

t = 20 s

t =-250 s

t = 200 s

t = 1 h

Data taking triggered by a satellite (FERMI; SWIFT, INTEGRAL)

All data written to disk

Specific data filtering and 
reconstruction by searching 
for an excess of events in 
the GRB direction (offline)

GCN=Gamma Ray Burst 
Coordination Network

GCN alerts trigger the recording of all the low 
level triggers. A continuous buffer ensures the 
availability of the data before the alert
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ANTARES, MNRAS 500, 5614–5628 (2021)

Search for spatial & temporal coincidence 
with gamma-ray emission: 

NO neutrino event found in coincidence 
with the prompt phase of the long GRB 
sample For En ~ 100 TeV GRBs do contribute by  

≤10% to the IceCube flux of diffuse n
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ANTARES/IceCube/LigoSC/Virgo/Auger "follow-up" analysis 

Advanced LIGO and Advanced Virgo observatories reported GW170817 (binary neutron star inspiral). 

A short gamma-ray burst (GRB) that followed the merger of  this binary was also recorded by the 
Fermi-GBM  and INTEGRAL. 

ANTARES, IceCube, and Pierre Auger Observatories searched for high-energy neutrinos from the 
merger in the GeV–EeV energy range . 

No neutrinos directionally coincident with the source were detected within ±500 s around the 
merger time. Additionally, no MeV neutrino burst signal was detected coincident with the merger. No 
neutrino found in an extended search in the direction within the 14-day period following the merger. 

18

to attenuation by the ejecta, we compare our neutrino con-
straints to neutrino emission expected for typical GRB pa-
rameters. For the prompt and extended emissions, we use the
results of Kimura et al. (2017) and compare these to our con-
straints for the relevant ±500 s time window. For extended
emission we consider source parameters corresponding to
both optimistic and moderate scenarios in Table 1 of Kimura
et al. (2017). For emission on even longer timescales, we
compare our constraints for the 14-day time window with
the relevant results of Fang & Metzger (2017), namely emis-
sion from approximately 0.3 to 3 days and from 3 to 30 days
following the merger. Predictions based on fiducial emis-
sion models and neutrino constraints are shown in Fig. 2. We
find that our limits would constrain the optimistic extended-
emission scenario for a typical GRB at ⇠ 40Mpc, viewed at
zero viewing angle.

4. CONCLUSION

We searched for high-energy neutrinos from the first bi-
nary neutron star merger detected through GWs, GW170817,
in the energy band of [⇠ 1011 eV, ⇠ 1020 eV] using the
ANTARES, IceCube, and Pierre Auger Observatories, as well
as for MeV neutrinos with IceCube. This marks an unprece-
dented joint effort of experiments sensitive to high-energy
neutrinos. We have observed no significant neutrino counter-
part within a ±500 s window, nor in the subsequent 14 days.
The three detectors complement each other in the energy
bands in which they are most sensitive (see Fig. 2).

This non-detection is consistent with our expectations from
a typical GRB observed off-axis, or with a low-luminosity
GRB. Possible gamma-ray attenuation in the ejecta from the
merger remnant could also account for the low gamma-ray
luminosity, which could mean stronger neutrino emission.
Optimistic scenarios for such on-axis gamma-attenuated
emission are constrained by the present non-detection.

While the location of this source was nearly ideal for
Auger, it was well above the horizon for IceCube and
ANTARES for prompt observations. This limited the sensitiv-
ity of the latter two detectors, particularly below ⇠ 100TeV.
For source locations near, or below the horizon, a factor of
⇠ 10 increase in fluence sensitivity to prompt emission from
an E�2 neutrino spectrum is expected.

With the discovery of a nearby binary neutron star merger,
the ongoing enhancement of detector sensitivity (Abbott
et al. 2016) and the growing network of GW detectors (Aso
et al. 2013; Iyer et al. 2011), we can expect that several binary
neutron star mergers will be observed in the near future. Not
only will this allow stacking analyses of neutrino emission,
but it will also bring about sources with favorable orientation
and direction.

The ANTARES, IceCube, and Pierre Auger Collaborations
are planning to continue the rapid search for neutrino can-

Figure 2. Upper limits (at 90% confidence level) on the neutrino
spectral fluence from GW170817 during a ±500 s window centered
on the GW trigger time (top panel), and a 14-day window follow-
ing the GW trigger (bottom panel). For each experiment, limits are
calculated separately for each energy decade, assuming a spectral
fluence F (E) = Fup ⇥ [E/GeV]�2 in that decade only. Also
shown are predictions by neutrino emission models. In the upper
plot, models from Kimura et al. (2017) for both extended emission
(EE) and prompt emission are scaled to a distance of 40 Mpc, and
shown for the case of on-axis viewing angle (0�) and selected off-
axis angles to indicate the dependence on this parameter. GW data
and the redshift of the host-galaxy constrain the viewing angle to
⇥ 2 [0�, 36�] (see Section 3). In the lower plot, models from Fang
& Metzger (2017) are scaled to a distance of 40 Mpc. All fluences
are shown as the per flavor sum of neutrino and anti-neutrino flu-
ence, assuming equal fluence in all flavors, as expected for standard
neutrino oscillation parameters.

didates from identified GW sources. A coincident neutrino,
with a typical position uncertainty of ⇠ 1 deg2 could signifi-
cantly improve the fast localization of joint events compared
to the GW-only case. In addition, the first joint GW and high-
energy neutrino discovery might thereby be known to the
wider astronomy community within minutes after the event,
opening a rich field of multimessenger astronomy with parti-
cle, electromagnetic, and gravitational waves combined.

ACKNOWLEDGMENTS
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Figure 1. Localizations and sensitive sky areas at the time of the GW event in equatorial coordinates: GW 90% credible-level localization
(red contour; Abbott et al. 2017c), direction of NGC 4993 (black plus symbol; Coulter et al. 2017a), directions of IceCube’s and ANTARES’s
neutrino candidates within 500 s of the merger (green crosses and blue diamonds, respectively), ANTARES’s horizon separating down-going
(north of horizon) and up-going (south of horizon) neutrino directions (dashed blue line), and Auger’s fields of view for Earth-skimming (darker
blue) and down-going (lighter blue) directions. IceCube’s up-going and down-going directions are on the northern and southern hemispheres,
respectively. The zenith angle of the source at the detection time of the merger was 73.8� for ANTARES, 66.6� for IceCube, and 91.9� for
Auger.

the interaction of cosmic ray particles with the atmosphere
above the detectors. This discrimination is done by consid-
ering the observed direction and energy of the charged par-
ticles. Surface detectors focus on high-energy (& 1017eV)
showers created close to the detector by neutrinos from near-
horizontal directions. In-ice and in-water detectors can select
well-reconstructed track events from the up-going direction
where the Earth is used as a natural shield for the dominant
background of penetrating muons from cosmic ray showers.
By requiring the neutrino interaction vertex to be contained
inside the instrumented volume, or requiring its energy to
be sufficiently high to be incompatible with the down-going
muon background, even neutrino events originating above
the horizon are identifiable. Neutrinos originating from cos-
mic ray interactions in the atmosphere are also observed and
constitute the primary background for up-going and vertex-
contained event selections.

All three observatories, ANTARES, IceCube, and Auger,
performed searches for neutrino signals in coincidence with
the binary neutron star merger event GW170817, each us-
ing multiple event selections. Two different time windows
were used for the searches. First, we used a ±500 s time
window around the merger to search for neutrinos associated
with prompt and extended gamma-ray emission (Baret et al.
2011; Kimura et al. 2017). Second, we searched for neutrinos
over a longer 14-day time window following the GW detec-
tion, to cover predictions of longer-lived emission processes
(e.g., Gao et al. 2013; Fang & Metzger 2017).

2.1. ANTARES

The ANTARES neutrino telescope has been continuously
operating since 2008. Located deep (2500 m) in the Mediter-
ranean Sea, 40 km from Toulon (France), it is a 10 Mt-
scale array of photosensors, detecting neutrinos with energies
above O(100) GeV.

Based on the originally communicated locations of the
GW signal and the GRB detection, high-energy neutrino can-
didates were initially searched for in the ANTARES online
data stream, relying on a fast algorithm which selects only
up-going neutrino track candidates (Adrián-Martı́nez et al.
2016b). No up-going muon neutrino candidate events were
found in a ±500 s time window centered on the GW event
time – for an expected number of atmospheric background
events of ⇠ 10�2 during the coincident time window. An ex-
tended online search during ±1 h also resulted in no up-going
neutrino coincidences.

As it subsequently became clear, the precise direction of
origin of GW170817 in NGC 4993 was above the ANTARES
horizon at the detection time of the binary merger (see Fig. 1).
Thus, a dedicated analysis looking for down-going muon
neutrino candidates in the online ANTARES data stream was
also performed. No neutrino counterparts were found in this
analysis. The results of these low-latency searches were
shared with follow-up partners within a few hours for the
up-going search and a few days for the down-going search
(Ageron et al. 2017a,b).

Here, ANTARES used an updated high-energy neutrino fol-
low up of GW170817 that includes the shower channel. It

The Astrophysical Journal Letters, 848:L12 (59pp), 2017 October 20
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39 gravitational wave sources in GWTC-2 catalog
- 37 sources followed with ANTARES data (2 during downtime)
- Total expected background: ~0.38 events over the 37 GWs
- Observed number of events: 0 for all sources

M. Lamoureux @Neutrino2022
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… also open problems in particle physics …
– Dark Matter searches:

• Neutralino annihilation in Sun, Earth, Galactic Center
– Magnetic Monopoles
– Particle acceleration mechanisms
– Multi-messenger searches
– Neutrino Oscillations
– Search for Sterile Neutrinos 
– …

Neutralino search: cc → n+…

72 S. Adrián-Martínez et al. / Physics Letters B 759 (2016) 69–74

Fig. 1. Distribution of the angular distance between reconstructed the track direction 
of events and the Sun position for the !Fit (red and pink) and QFit (blue and cyan) 
data samples (crosses) compared to the background estimates (histograms). For QFit
the x-axis represents the logarithmic difference in zenith angle between event and 
Sun. (For interpretation of the references to colour in this figure legend, the reader 
is referred to the web version of this article.)

where A j
eff(Eνµ) and A j

eff(E ν̄µ) are the effective areas for the j-th 
detector configuration period (see below) as a function of the 
muon neutrino energy, Eνµ , or muon antineutrino energy, E ν̄µ , 
d#νµ

dEνµ

∣∣∣
ch

is the signal neutrino spectrum at the position of the de-

tector for the annihilation channel ch (see Equation (1)), Eth is the 
energy threshold of the detector, MWIMP is the WIMP mass and 
T j

eff is the effective live time for the j-th detector configuration 
period. The effective area is defined as a 100% efficient equivalent 
area which would produce the same event rate as the detector. It 
is calculated from simulation. Throughout the lifetime of ANTARES 
the number of available detector lines has changed. The acceptance 
for the whole lifetime Ā is calculated as the sum over the accep-
tances for all detector configuration periods.

The 90% C.L. sensitivities on the neutrino fluxes are then calcu-
lated as

#̄νµ+ν̄µ,90% = µ̄90%(MWIMP)

Ā(MWIMP)
, (6)

where µ̄90% is the 90% C.L. sensitivity obtained from the likelihood 
function.

4. Results and discussion

In Fig. 1 it can be seen that there is no excess of events large 
enough to be identified as signal by the likelihood function. The 
median of the PSF used in the likelihood function is for most 
masses below 2 degrees. The observed TS is used to extract 90% 
C.L. upper limits from the absence of signal. However, since the 
observed value of the TS turns out to be smaller than the median 
of the TS distribution of pure background for all masses and chan-
nels, the sensitivity has been considered as the limit.

In Fig. 2 the limits on the neutrino flux from the Sun as a 
function of the WIMP mass are shown. In Fig. 2 the QFit and !Fit
results are combined. !Fit gives the best flux limits in the W +W −

decay channel at all WIMP masses, for MWIMP > 100 GeV in the 
τ+τ− channel and for MWIMP > 250 GeV in the bb̄ decay channel.

The limit on the total number of neutrinos from WIMP annihi-
lations in the sun per unit of time Cn is calculated by

Cn = 4πd2
Sun,rms#νµ+ν̄µ,90%, (7)

where #νµ+ν̄µ,90% is the limit on the neutrino flux and d2
Sun,rms

is the mean squared distance from the detector to the Sun. From 

Fig. 2. Limits on a neutrino flux coming from the Sun as a function of the WIMP 
masses for the different channels considered.

Fig. 3. Limits on the spin-dependent WIMP-nucleon scattering cross-section as a 
function of WIMP mass for the bb̄, τ+τ− and W +W − channels. Limits given by 
other experiments are also shown: IceCube [20], PICO-60 [21], PICO-2L [22], Su-
perK [23], XENON100 [24].

this, the annihilation rate is calculated by dividing Cn by the aver-
age number of neutrinos per annihilation, as obtained by WIMP-
Sim. The sensitivities on the spin-dependent and spin-independent 
scattering cross-sections are calculated from this annihilation rate 
assuming an equilibrium between annihilation and capture via 
scattering [18]. This means that the capture rate is twice as high 
as the annihilation rate. For the calculation of the capture rate a 
Maxwellian velocity distribution of the WIMPs with a root mean 
square velocity of 270 m s−1 and a local dark matter density of 
0.4 GeV cm−3 is assumed [19]. Therefore, once the average num-
ber of neutrinos per annihilation is known, the annihilation rate 
and consequently the capture rate and the scattering cross-sections 
can be calculated.

All results are shown in comparison to the results of other 
experiments in Figs. 3 and 4 and summarised for reference in 
Table 1. Recently an update on the spin-dependent cross-section 
limits from the IceCube collaboration has been released [20]. These 
new limits show an improvement of up to a factor of 4 with re-
spect to the previous limits by using the energy information of the 
events in the likelihood function. In the analysis presented here 
the inclusion of further event parameters (e.g. Nhit , β and Q in 
Equations (2) and (3)) leads to an improvement of a factor of up 
to 1.7. At WIMP masses of up to a few 100 GeV, the consistent 
strengthening of the flux limit with increasing WIMP mass (see 
Fig. 2) determines the behaviour of the cross-section limits. Above 
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ORCA

ARCA
Naples

Bari

250 scientists
57 institutes
16 countries

KM3NeT 2.0: Letter of Intent
J. Phys. G: Nucl. Part. Phys. 43 (2016) 084001

2470m

3400m

• Multi-site, deep-sea neutrino telescope
• Selected by ESFRI roadmap 
• Single collaboration, Single technology 

Oscillation Research
with Cosmics In the Abyss

Astroparticle Research
with Cosmics In the Abyss

~ 700 or 200  m
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9 or 36 m

20 or 90 m

‒ Rapid deployment
‒ Multiple strings/sea

campaign
‒ Autonomous/ROV unfurling
‒ Reusable

~ 700 or 200  m
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Eur. Phys. J. C 80 (2020) 99 

At present taking data with 21 lines. 
Funding assured, procurement and construction in progress, for ~130 strings 
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High Energy Neutrino astrophysics has an important role in the 
Multi-messenger contest

- Absolute and precise pointing to the source
- Wider horizon
- Provides information:

- On the nature of the source (Hadronic ??, Leptonic ??)
- On the acceleration of parent particle

High Energy neutrino astrophysics started:
- Diffuse n flux measured
- H.E. n events (IceCube) associated with known gamma 

sources

New large and high resolution detectors (KM3NeT, IceCube Gen2, 
BAIKAL/GVD) in construction (or under project: P-One ?) ready to 
work in a Multi-messenger framework 


