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Anna Nelles

As usual too many really interesting contributions
Or why the job of a rapporteur is really tough
•

•

212 contributions in the Neutrinos and Muons Track
•

7 Plenary contributions

•

11 discussion sessions

•

Many excellent posters, pre-recorded talks, …
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Bottom-line up front
Just so that you can immediately disagree with the message of my talk
•

We have exciting results with neutrinos (in particular MM), but really we don’t
have enough (high energy) neutrinos (yet)

•

What is my evidence for this observation?
•

A flurry of ideas for new telescopes/arrays/satellites/balloons/…

•

Everyone mentions neutrinos -> even if an experiment primarily targets
UHCRs, neutrinos are always mentioned too

•

Detector calibration is a serious business now, systematics become relevant

•

An incredible amount of contributions dealing with reconstructions,
simulations, global frameworks, specific analyses, machine learning, source
studies, transient analysis, time-integrated analyses, …

The community is doing their homework to get ready for many more neutrinos,
which the broader community is excited about
| ICRC 2021, Neutrino Rapporteur
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Ideas

isolated cascades
Neutrino Signatures in IceCube

“double b

Current players and their upgrades
10 years after completion still scratching
astronomy

The first decade of discoveries
<L>=5
surface of neutrino
0m x the
Eτ / Pe
V

IceCube

IceCube Upgrade funded and optical
modules are currently being produced
IceCube-Gen2 proposed for
construction after completion of the
Upgrade

The IceCube Gen2 facility at the South Pole

Wide-band observatory: Optimizing scales for leading sensitivity from 109 to 1020 eV

Highlight: Kowalski
PoS(ICRC2021)022
Electron
neutrinos:

isolated cascades

Tau neutrinos:
“double bang”

Muon neutrinos:
track-like events

The first decade of discoveries
IceCube-Gen2 planed construction: 2024-2032

completed in 2010

under construction
Gen2 white paper: 2008.04323

For more
ideas:
Discussion
38: Future of neutrino telescopes
Sensitivity optimization
for build-up
phase (PoS ID 1186), session
full
optical array (1184), radio array (1183) and surface array for
cosmic ray science and atmospheric veto (407,411)

| ICRC 2021, Neutrino Rapporteur
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VD construction status and schedule

Current
players
under
construction
ters, 3 laser stations, experimental

KM3NeT

12 KM3NeT detection units now operational

Highlight: Dzhilkibaev PoS(ICRC2021)002

Baikal-GVD
Multi-site,
deep-sea infrastructure
Cluster
Baikal-GVD
optical
2016
1
288
Selected for ESFRI roadmap
2017
2
576
Shore DAQ center
Cluster:
288 OMs
2018
3 technology
864
Single collaboration,
Single
Year

Number of
clusters

Number of
OMs

24 Sections on 8 strings,
2019
5
1440
Cluster DAQ center
Shore2020
cable: 6 -77 km 2016
Depths
m
2021from 750
8 to 1275
2304
2022

10

2880

Upgoing muons from atmospheric neutrinos
in ORCA6

module

Planned:
Shore
hybrid cable,
6Completion
optical fibers,
6of- 7ORCA115
km length
array in
2025 and
ARCA230 in
2027

ORCA
Oscillation Research
with Cosmics In the Abyss

Section 1

525 m

Section 2

Section 3

Cluster
DAQ 12
2023
3456
• Trigger: 1.5 & 4 pe of adjacent channels.
2024
14
• Maximum
trigger
rate:4032
~200 Hz.
1: 0.40 km3 (cascade mode) • Data transferring: shDSL Ethernet extenders: 5.7 Mbit.
• Effective
Inter-section synchronization by common trigger: ~2 ns accuracy.
10
7

volume 2021:
0.40 km3

Montpellier

(cascade
mode)
120 m

Distribution on ∆ t between
channels of two sections:
RMS = 2.2 ns
(expected: 2.04 ns)

2440m

Cluster
center

Cluster

Deployment

Review: Coyle PoS(ICRC2021)042

Downgoing muons from cosmic ray showers
in ARCA6
schedule

3400m

16

ARCA
Astroparticle Research
with Cosmics In the Abyss
67

| ICRC 2021, Neutrino Rapporteur

still out there,10 years of data

6

New players under construction

Highlight:
Wissel
PoS(ICRC2021)001
Fig.
1 Layout of
one of the
35 detector stations that will
make up the Radio Neutrino Observatory Greenland (RNO| ICRC 2021, Neutrino Rapporteur
G). From [10]

The radio crowd, PT 1
~ 100 PeV - 100 EeV

PUEO

First large scale
3
implementation of
An RNO-G station (see Fig. 1) can be seen as cona
radio neutrino
sisting of two sections: A shallow component with antennas
buried about 2 m below the snow surface and
array

a deep component with antennas placed in holes at a
depth of up to 100 m. Both are centered around a DAQ
box housing the station electronics and a small tower
for communication antennas and solar panels.
The shallow component consists of three sets of three
logarithmic-periodic dipole antennas (LPDAs) each, installed 2 m below the ice surface at a distance of 11 m
from the station center. One LPDA in each set is pointed
upwards, to detect air showers, while the others are
pointed downwards at a 60 angle, making them sensitive to neutrino signals from below. The LPDAs have
the advantage of being very sensitive, but they can only
be deployed close to the surface because of their size.
At these shallow depths, the observable ice volume is
smaller because of shielding e↵ects from the changing
index of refraction in the upper 100 m of the ice, so
that only about 20% of triggered neutrino events are
expected to be visible in the shallow component [10].
The deep component consists of three vertical cables, called strings, in boreholes going down to a depth
of 100 m below the snow surface. One of the strings,
called power string, holds a phased array consisting of
four vertically polarized (Vpol) antennas. A phased array works by overlaying the signals from all four chan-

35 stations
planned and fullyfunded, 1st
deployment
currently on-going

Balloon payload
with radio
antennas.
Successor of
ANITA, but with
improved
energy
threshold and
improved
sensitivity (x10)
Scheduled to fly
from McMurdo
in 12/2024

PoS(ICRC2021)1029
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New players in pathfinder mode

PoS(ICRC2021)1179
PoS(ICRC2021)404

an dedicated
IACT
to than
observe
Anthony
hinity:
a record
energy of
more
100UHE
EeV,neutrinos
Ultra High Energy Cosmic Rays (UHECRs)
areM.
theBrown
ergetic particles
known
to exist. Although ground-based observatories have observed these
The basic
concept:
c particles
for
decades,
their source
and acceleration
mechanisms
remainonlargely
unknown
Pacific Ocean Neutrino
Experiment
(P-ONE) collaboration
is focusing
building
a new large-scale
neutrinolow
telescope
the Pacific
Ocean:
pathfinder
STRAW
(STRing for Absorption length in
eir extremely
flux at in
Earth’s
surface
(seefirst
[1] and
references
therein).
2018, the(E>10
secondPeV)
pathfinder
named
deployed
in summer
y HighWater)
Energydeployed
(VHE) in
neutrinos
can also
help STRAW-b
to explain
the most
energetic2020.
s in the universe as well as the evolution of astrophysical sources. Few of these VHE
Where:
s have been
detected so far due to their minuscule interaction cross sections, requiring very
Cascadia
Basin site,to2600
depth
off the shore of Vancouver Island à Ocean Networks Canada
ounts of target material
allowmfor
observation.
Presented at “ICRC 2021”
infrastructure
pace-based experiment such as the proposed Probe for Multi Messenger Astrophysics
MA) [2] could overcome the shortcomings of ground-based observation (by observing the
d its atmosphere from above, allowing for gargantuan increase in acceptance
at the highest
PoS(ICRC2021)1179
), thereby representing the next frontier in UHECR and VHE neutrino physics.
Before such
PoS(ICRC2021)1234
or can be built and launched, it is highly advantageous to develop pathfinder missions to
gureConcept:
1: Not-to-scale
cartoon times
of the detection technique employed by Trinity. A UHE tau neutrino
“Many
technological readiness
and to verifyMAGIC”
the targeted detection techniques. A stratospheric
teracts inside the Earth, resulting in the creation of an energetic tau particle emerging from the ground
Demonstrator
telescope
funded
by NSF
allows
for such an investigation in a near space
environment
without the risk and cost of a
fore decaying and initialing an air shower of billions of Cherenkov radiation emitting particles. Trinity’s
lized space
mission.
lescopes
observe
the Cherenkov radiation and use it to infer the energy of the original neutrino.
Extreme
Universe
Observatory on
a Super
Balloon
(EUSO-SPB2)
CherenkovSpace
techniques
has
thePressure
potential
to2 bridge
the is the
d most
advanced)
balloon
mission
undertaken
by the
EUSO
and
willmirror,
build on
energy
region
between
in-ice
/wide
in-water
optical
arrays
esign,
individual
Trinity
telescopes
will have
a 60
FoV,collaboration
a spherical
primary
a curved
riences
of
previous
missions
[3,
4].
The
timeline
of
the
evolution
of
the
EUSO
ballooning
mera
focalradio
plane housing
⇠ 3300 SiPM pixels and will be sensitive to neutrinos in the 1
104
and
technique
shown range.
in Fig. Here
1. we outline key components of Trinity.
eVis energy

Combination
Scientific goal:
1 Camera
of
• Validate the attenuation length already measured by STRAW
The •design
philosophy
of Trinity’s
camera
will be
a conceptual copy
camera being
Characterise
the light
background
spectrum
(bioluminescence
and 40of
K) theFluorescence
5
eveloped for the EUSO-SPB2 balloon mission [3, 13]. Each camera will have a modular
and design,
onsisting of 13 detector modules, with each module having 256 pixels. A CAD drawing
of one of
Cherenkov
ese modules can be seen in Figure 2.
techniques

Pacific: coast of
Vancouver
Potential for third
large water array
Second
pathfinder string
deployed in 2020
First attenuation
length
measurements
Data is public
https://data.oceannetworks.ca

Highlight: Resconi PoS(ICRC2021)024

Each module will house 4 SiPM in a 2x2 matrix. To limit the abberation associated with
e spherical optical system design, these SiPMs will coupled to an array of solid
light guides
EUSO-SPB2
targets the observation
ade from PMMA, which will preferentially select Cherenkov light from a small range
of
incident
UHECRs, works as technology
ngles. The electrical signal created by the SiPM when a photon is detected, will first be passed,
demonstrator for the proposed
a micro-coaxial1 cables to two 8-channel Multipurpose Integrated Circuit (MUSIC) chips which
POEMMA
mission targeting (also)
mplify
and of
then
signal from
the towards
SiPMs.a The
MUSIC
chip isstarting
a low-power
Application
: Evolution
theshape
EUSOthe
ballooning
program
space
based
mission,
from
the
first
PoS(ICRC2021)404
transient
neutrinos
pecific
Circuit
(ASIC)
which
will in
provide
a 9-bit
Digital
to Analog
Converter
| ICRC
2021,
Neutrino
Rapporteur
conceptIntegrated
of the technology
with
EUSO-Balloon
2014 and
updated
payload
in EUSO-SPB1
in(DAC)
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Radio detection
air-showers
New players
inof ultra-high-energy
pathfinder
mode
UHE
CR

Targeting tau neutrinos emerging
from the Earth using radio

PoS(ICRC2021)1181
PoS(ICRC2021)1035

vertical shower

GRAND
Xmax

The radio crowd, PT 2.

Same detection channel, but
different geometry ideas

few
kms

~10 km

Up on a mountain vs. covering
the mountain

geomagnetic effect:
radio signal
few 100 MHz

~400
m
~400 m

τ
>30 km
A staged approach
with self-standing pathfinders

Implications for discovery Veff
vs. angular resolution

ν
GRANDProto300

GRAND10k

2021
2025
nique
radio detection: a mature technique
odology

GRAND200k

203X

autonomous radio detection
1st GRAND sub-array radio antennas:
sensitive
all-sky detector
scalable,
cheap, robust
AERA,
LOFAR,air-showers
CODALEMA, Tunka-Rex, TREND
of very
inclined
ideal for giant arrays
cosmic rays 1016.5-18 eV

• Galactic/extragalactic
ℎ𝑜𝑤𝑒𝑟
→ detected by transition
• muon problem
• radio transients

BEACON

ly 𝜈𝜏

• 300 HorizonAntennas over
sites
(>km²
2 km
200
•
Particle
re selecteddetectors
for large
(a la HAWC/Auger)
near horizon events
• Qinhai Province, China

Prototype
operational
using
ns in various locations
phased array
overage
2 M€
sesapproach
phasing to reject

• discovery of EeV neutrinos
for optimistic fluxes
• radio transients (FRBs!)

• 10,000 radio antennas over
10,000 km2
• in China

1500€/unit
13 M€
confident for large
100 antennas already paid
noise
(China)
contribution from China
| ICRC 2021, Neutrino Rapporteur

1st EeV
neutrino detection
PoS(ICRC2021)1072
and/or
neutrino
astronomy!
PoS(ICRC2021)1084

TAROGE-M: Radio Observatory on Antarctic Mountain for Detect

TAROGE

PoS(ICRC2021)1173
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• 200,000 antennas
over 200,000 km2
• 20 sub-arrays of 10k antennas
• on different continents

300M€ in total

500€/unit

to be divided between
participating countries

(a)
First set-up in Antarctic
Figure
1: Left: TAROGE-M station on the top of Mt. Melbourne in
mountains

on 3 m tower, pointing to northern horizon, with ⇠ 8.5 m separation
9
between top (with veto antenna) and bottom ones, whereas the Vpo

Players in the low energy regime
Super-K + Gd
Water-Cherenkov detector
25 years since it started taking data
Gadoliniumsulfate now being released for
better neutrino anti-neutrino distinction

Super-Kamiokande Experiment

ter-Cherenkov detector

Hyper-K(aminokande)
Yoshitaka Itow for
cated
in generation
Kamioka,
Japan
Next
Water-Cherenkov
detector
per-Kamiokande
Collaboration
T2K -> Kamioka approved in 2020

der Mt. Ikenoyama, overburden 1km of rock

al of 50 kton of ultra-pure water

41.4 m

struction status and prospects of the Hyper-Kamiokande project

Currently doped with Gd sulfate

PoS(ICRC2021)1192

Figure 3: The time line of construction.
| ICRC 2021, Neutrino Rapporteur
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Highlight: Fernandez Menendez PoS(ICRC2021)008

PoS(ICR

tically divided into inner (ID) and outer (OD)
ectors, instrumented with
D: ~11000 20”-PMTs → 40% photo-coverage
OD: ~1900 8”-PMTs primarily used as veto

39
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Players in the low(er) energy regime

Jiangmen Underground Neutrino
Observat
PoS(ICRC2021)1194

arXiv:2104.02
PoS(ICRC2021)1229

JPG 43 (2016)
João
Pedro Athayde
Marcon
arXiv:1508.07
PoS(ICRC2021)1076

JUNO Physics Prospects

PoS(ICRC2021)1187

JUNO
Reactor neutrino experiment
under construction in China
Interesting sensitivities if combined with
ORCA (or the IceCube-Upgrade)

Main physics goal:
Ordering determinat

Mass
Top Trackerν(TT)

Water Cherenkov Detector (WCD)

Huge mass: ~20 kton Liquid Scintillato
Underground: ~700 m overburden
Unprecedented energy resolution: 3% /
Energy scale precision: < 1%

Central Detector (CD)

↳ rich physics possibi

Nikita Ushakov

A new Baksan Large Neutrino Telescope: the project’s status

New idea:
Tagged Protvino to ORCA
Multi-purpose
2

use of light concentrators and a muon veto system. Figure 4 shows a 3D-model of the 5-t detector
prototype.

BAKSAN

1245 M. Perrin-T

Figure 1: The JUNO detector.

liquid
is made of 3 layers of plastic scintillator used to precisely track some of the atmosp
scintillator
A. V. Akindinov et al.,
entering the detector. The TT covers about 60% of the surface above the WCD.
Twelve 8-inch PMTs
“Letter of Interest for a Neutrino Beam
from
Protvino
detector
Hamamatsu
R5912-100
WA-70S to KM3NeT/ORCA"
In JUNO, reactor electron anti-neutrinos will be detected using the inverse beta
for muon system veto

•
•
•
•
•
•
•

Current R&D at
5t, target mass
Neutrino Beam from
Protvino
Carbon light concentrators
10kt,
targeting to ORCA
with chrome-plated inner surface
Baseline 2590 km geoneutrinos
Acrylic
spheres
and
CNO
with a volume of 5.575 m
First oscillation maximum
5.1 GeV
covered with a ma! e film
neutrinos
Forty-two 10-inch PMTs
Hamamatsu R7081-100 WA-70S

3

Sensitivity to massPoS(ICRC2021)1188
hierarchy and CPV
PoS(ICRC2021)1097
LoI published: arXiv:1902.06083
PoS(ICRC2021)1100
Huge detector -> relax
beam power
PoS(ICRC2021)1101
New idea - ν tagging at source:
Steel water tank
with a volume of 50 m3

| ICRC 2021, Neutrino Rapporteur
 


 


 


Figure 4: The 3D-model of the 5-t detector prototype.

Idea: Protvino -> Km3Net
2590km baseline

reaction: āe + p ! n + e+ . The positron produced in this reaction, which will keep
electron anti-neutrino energy, will quickly deposit most of its energy and annihilate w
in the medium producing a pair of 511 keV gamma-rays. The neutron produced in
will be captured by a proton after a mean time of about 200 µs, and its de-excitation
a 2.2 MeV gamma-ray. The temporal and spatial coincidence signature created by
(positron) and delayed (neutron) signals is characteristic of the IBD and is essential
large fraction of the background. Given in the IBD the positron keeps most of the neu
the reconstructed prompt energy is used to determine the electron anti-neutrino energy
oscillation studies.
Due to the lack of a reference reactor electron anti-neutrino spectrum with a simi
to the JUNO detector, the JUNO-TAO detector [12], shown in Fig. 2, was added to the
JUNO-TAO detector is located 30 m from one of the Taishan NPP reactor cores. W
10 m2 of silicon photomultipliers panels operated at -50 C monitoring a 1 ton fid
Review:
Coyle
PoS(ICRC2021)042
containing Gd-loaded
liquid
scintillator,
JUNO-TAO will provide an energy spectrum
11
neutrinos with an energy resolution of less than 2% at 1 MeV which is better than th

PoS(ICRC2021)1188

https://arxiv.org/abs/1902.06083

Other exciting experimental endeavors

PoS(ICRC2021)416
PoS(ICRC2021)1082
PoS(ICRC2021)1195
PoS(ICRC2021)1211

1/SHINE experiment

NA61/SHINE

~13 m
MTPC-L
ToF-L
Vertex magnets

Target

ToF-F

GAP
TPC

VTPC-1

VTPC-2

Beam

PSD
S4

V0

x

CEDAR

S1

THC

S2

S5

V0p

ToF-R

V1

MTPC-R
y

BPD-1

BPD-2

BPD-3

z

Large-acceptance,
�xed targetexperiment,
experiment at CERN SPS,
CERN fixed-target
Studies �nal states of collisions in a range of beam momenta (from 13A to
delivering input to cosmic-ray PoS(ICRC2021)102
150A GeV/c) and variety of systems (from p+p through
p+C or Ar+Sc to
PoS(ICRC2021)535
predictions,
planned
detector
Pb+Pb).

Short upgrades
Title for header and

heavy particle

fragmentation

3 / 14

Akitaka Ariga

Concept study to use radar echo on
particle showers in ice, indications
for energy threshold lower than radio
neutrino detection

Targeting the muon excess problems
in air showers and predictions for
prompt neutrinos (through forward
charm meson production), starting
data taking 2022
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| ICRC 2021, Figure
Neutrino
Rapporteur
2: LHC’s
“Neutrino beamline” layout

PoS(ICRC2021)1025
PoS(ICRC2021)1218
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Ideas about what things to look for:
Watch the summary not me summarizing the summary

Multi-messenger astronomy was covered by Irene
•

Discussion session on Fundamental Physics with neutrinos (Session 31)

•

Theoretical modeling of sources, searches for neutrinos using these models

•

Big picture introduction by Spencer Klein

•

Some (provocative) questions:
•

What comes first: new physics or secondary corrections to our models?

•

Can one use the astrophysical flux as given?

•

Do systematic uncertainties dominate all potential searches?

•

Discussion session on Astrophysical neutrinos (Session 39)

•

Many ideas for searches and searches themselves

•

Big picture introduction by Markus Ahlers

•

Some (provocative) questions:
•

Too risky to assume identical sources for searches, while they are not?

•

Do we have too many fudge factors in our models, tuned to data?

•

Are we clear enough about assumptions when ruling out sources?

•

Are there enough precautions against over-interpreting correlations and bias?

| ICRC 2021, Neutrino Rapporteur

13

Calibration
detector development

Development of photo(n) detectors
See also discussion session 33: Photodetection in Cherenkov Detectors
WOM
Studies for an optical sensor for IceCube-Gen2

Trend towards more complex and segmented photodetectors

PoS(ICRC2021)1038

SiPMs
PoS(ICRC2021)1043

PoS(ICRC2021)1041

mDOM
PoS(ICRC2021)1070

D-Egg
PoS(ICRC2021)1062
(b) mDOM

(c) D-Egg

(d) mEgg

(e) LOM 18

Figure 1: Schematic view of the optical modules. Gen-1 DOMs are used for the IceCube array, and mDOM
and D-Eggs will be deployed in the IceCube-Upgrade holes. mEgg and LOM 18 are two designs for IceCube
Gen2 studied here.

Extensive discussions about timing requirements, needs
for calibration, suitability for mass-production of more
complex
sensors,
cost
the maximum
pressurestandardization
of 70 MPa during the hole needs,
refreezing period,
andefficiency
13-30 MPa will be the
typical
pressure
after
re-freezing.
Modules
need
to
be
sound
against
the
thermal
gradient of 20 C
of more complex modules, …

water during deployment to -9 C to -40 C expected during operating conditions. Simulations
indicate that optical modules with a three times higher effective area compoared to Gen1 DOM and
less than ± 20% variation in sensitivity across the angle of photon incidence, will allow us to meet
our science goals.
Figure 1 shows the schematic view of the optical modules deployed as IceCube array (a), the
modules to be installed in the Upgrade array (b,c) and the modules under investigation for the Gen2
array (d,e). The Gen1 DOM is a highly reliable optical sensor running for more than ten years with
an extremely small ( 0.5%) post-deployment failure rate. A Gen1 DOM implements a single
downward-facing
inch photomultiplier tube (PMT), the Hamamatsu R7081-2-MOD, and signals
| ICRC
2021, Neutrino 10
Rapporteur

Discussion of scalability shows that the community is
really gearing up with the next experiments

PoS(ICRC2021)10

(a) Gen1 DOM

Photon traps
PoS(ICRC2021)1039

Large vs small PMTs
PoS(ICRC2021)1104

Large area PMTs
PoS(ICRC2021)1101

Light concentrators
PoS(ICRC2021)1097

STRAW-b
PoS(ICRC2021)1092
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Hardware development

PoS(ICRC2021)1066

Fig. 5.1). Most of the connections are made by commercial cable assemblies manufactured by
DWTEK Co., Ltd, Taiwan. The Bulkhead Connector Receptacle (BCR) MSS-OP-BCR were
used in combination with the cable connectors MSS-OP-CCP, installed on a radially sealed
KM3NeT Acquisition Electronics
D. Real
underwater FO cable manufactured by the same company (DWTEK MO1I01590/OPY402 900um). The permissible immersion depth of the assembled cable line,
according to the specification, is 6000 m, the insertion loss in the connector does not exceed 0.5
dB. Experimental string comprises of 5 such cable lines with different lengths from 3 to 750 m.
To install the BCR in the openings of the glass sphere of the underwater modules, special
stainless adapters were used to securely fix the connector and reduce the local pressure on the
glass surface. One of the three sections (upper section #3) is connected to the string using the
experimental development of the Russian enterprise NPP "Starlink". The connectors are
designed to meet the technical requirements of the Baikal neutrino telescope. A deep-water
radially sealed armored FO cable of the original design
length
of 95 m was used.
Figure 1:with
Open view
of a DOM.

The nuts and bolts you usually only find on posters and there the experts find it

Km3Net electronics

With no neutrino (yet) the radio field
is a bit more into nuts and bolts still
PoS(ICRC2021)1108

Only few hardware talks

Antennas

PoS(ICRC2021)1108

PoS(ICRC2021)1103

Time Sync Baikal-GVD
PoS(ICRC2021)1067
Hardware Development for the Radio Neutrino Observatory in Greenland (RNO-G)

Radio trigger
improvements

Fig. 5.1. Cable connector assemblies mounted on the glass body of the deep-waterPoS(ICRC2021)1050
module of
Fibre optics for data
the experimental string: DWTEK (left), Starlink (right).
PoS(ICRC2021)1074
transmission are here to stay The main condition for reliable optical communication is a low levelPoS(ICRC2021)1217
of signal
Figure 2: Pre-series CLBv4.

the optical transceiver with a higher reliability model; and a hardware watchdog to protect the CLB
from losing access due to reconfiguration errors.

Fibre optics IceCube
PoS(ICRC2021)1079

Fibre optics Baikal-GVD
Fibre optics RNO-G
PoS(ICRC2021)1058

 


Figure 5: Pictures from construction and deployment of the first stations in the7 2021 season.
| ICRCLeft,
2021,
Neutrino
Rapporteur
Top:
Finished
borehole. Left, Bottom: ASIG borehole drill in operation.
Middle, Top: All VPol antennas before deployment.

Programmable logic
for trigger
System hardware

PoS(ICR

PoS(ICRC2021)1066

Generation
System
attenuation in fiber optic lines.2.1.1
ToClock
monitor
this
parameter, the power measurement function of
The CLBv4 incorporates two different clock generator systems. The first system is identical
transmitters and receivers builttointo
the
SFP
modules
was used. The threshold power of the NSthe system used in the previous version of the board. A clock of 25 MHz generated in a quartz
oscillator
is
used
by
a
Digital
Clock
Manager
(DCM) to increase
the frequency
to 125dBm
MHz. The
SFP 1.25 G CWDM optical transceivers used in the experimental
string
is -23
(a signal
124.992 MHz is synthesized similarly. Both frequencies are used by White Rabbit to measure the
with a power of 1 mW corresponds
tothe0 Dual
dBm).
Fig.Difference
5.2 shows
time dependence of power of
phase using
Mixer Time
(DMTD) the
technique.
transmitters and receivers of the SFP modules of the trigger and synchronization channels for
3
two sections of the string during one month of operation. The trigger and synchronization
PoS(ICRC2021)1028
channels connect the sections to the cluster center without intermediate electronic amplification,
and their attenuation is most essential for the reliable operation of the DAQ. The sources of
power loss in these channels are 4 serially connected CWDM multiplexers and 6 underwater
optical connectors. The power attenuation in these channels is about 10 dB. The signal power
PoS(ICRC2021)1058
exceeds the threshold value of the receivers by more than 10 dB. At the same time, there are
fluctuations in the power of the received signals, and the study of the causes of the increasing
loss is one of the priority tasks of the testing of the experimental set-up.
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Detector calibration
See also discussion: 32 Cherenkov Media and Detector Calibration
Chiara Poirè

KM3NeT Detection Unit Line Fit

KM3NeT

PoS(ICRC2021)1052

POCAM
PoS(ICRC2021)1049

The field has grown
up, calibration is
serious business now

Cameras in Ice
PoS(ICRC2021)1064
PoS(ICRC2021)1047

PoS(ICRC2021)1052

KM3NeT calibration
units

A.D. Avrorin

forTheBaikal-GVD
Acoustic Module for the IceCube Upgrade

PoS(ICRC2021)1096
Acoustics Positioning
Figure 4: Detection Line Fit position reconstruction with top-view for each line with respect to their position
IceCube PoS(ICRC2021)1059
Acoustics positioning water
in-situ KM3NeT
on the sea bed
PoS(ICRC2021)1081

High-throughput testing
PoS(ICRC2021)1056

Laser for Baikal
Calibration for Radio

Figure 5: Detection Line Fit position reconstruction with top-view in three different moments: at the
beginning of the considered period (left plot), in the middle (plot in the middle), at the end (plot on the right).

(b)

Baikal

PoS(ICRC2021)1083
2021,
Rapporteur
Figure 2: (a)| ICRC
Illustration
ofNeutrino
the acoustic
module7.showing
its internal components. (b) Block diagram of the
Conclusions

(a) Coordinate scans

(b) Planar coordinates

PoS(ICRC2021)1086
PoS(ICRC2021)1069

PoS

PoS(ICR

(a)

PoS(ICRC2021)1060
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Media properties

Anna Pollmann

Luminescence of water and ice

See also discussion: 32 Cherenkov Media and Detector Calibration

PoS(ICRC2021)1093

Optical characterization of the P-ONE site

Baikal monitoring
PoS(ICRC2021)1034
PoS(ICRC2021)1094

Baikal luminescence
PoS(ICRC2021)1113

Christian Fruck

Attenuation length P-ONE
Figure 6: Left: Light yield of different emissions for magnetic monopoles carrying one Dirac charge and
Q-balls with a charge of 1020 in comparison to a bare muon passing through ice. Right: Event signature of
a Q-ball simulated with luminescence emission. The Q-ball has a speed of 10 3 2, a charge of 1020 , and an
PoS(ICRC2021)1057
electric charge of 137 4. (original pictures of this composed picture are taken from Ref. [6]).

Optical Ice Properties

PoS(ICRC2021)1023
PoS(ICRC2021)1119

PR
ELI
MIN
A

which hides the track in noise which can be removed in the analysis [6].
Another particle, which can be searched for using luminescence, is a magnetic monopole.
These are predicted by Grand-Unified theories and others to be particles carrying at least one
isolated magnetic charge [10]. Similar to the Q-balls these Big Bang relics are assumed to be very
PoS(ICRC2021)1027
massive, however monopoles can be accelerated to relativistic speeds by inter-galactic magnetic
PoS(ICRC2021)1206
fields.
At low and high speeds detection channels are the model dependent catalysis of nucleon
decay via the Rubakov-Callan effect and (in-) direct Cherenkov light. However, at intermediate
speeds as well as low speeds no (model in-dependent) light emission was known before.
| ICRC 2021, Neutrino Rapporteur
The first search ever using luminescence light as detection channel for Magnetic Monopoles
 


Radio Ice Modeling

RY

PoS(ICRC2021)1160

PoS(ICRC2

PoS(ICRC2021)1093

Luminescence properties
of ice and water, a
potential new detection
channel for exotic “slow”
particles in neutrino
telescopes
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Reconstruction
and simulations

Neutrino pointing
Cosmic-Ray Moon Shadow

See also discussion session 36: Shower reconstruction and pointing

Multi-messenger observations are helped by accurate
pointing both for finding counterparts and calculating
coincidences

PoS(ICRC2021)1087

Observation: Lots of ongoing work to develop new
econstruction
of single and double cascades
ideas, improve pointing, understand pointing,
understand
uncertainties and input for searches
NeT
detector

Thijs Juan van Eeden*, Jordan Seneca*, Aart Heijboer, on the behalf of the KM3NeT collabora
tjuanve@nikhef.nl

jseneca@nikhef.nl

Muontracks Baikal

aart.heijboer@nikhef.nl

New reconstruction with time of PMT hits
and cascade elongation modelling
83% of ντ-CC events
skyLLH for νIceCube
e-CC and
PoS(ICRC2021)1080

Improvement in direction resol
Study on E-2 neutrino ux simulations

light

detector

Angular deviation [degrees]

5

cm
/T
eV

/e
interaction
Direction Reconstruction
for
RNO-G
Ilse Plaisier
two2:particle
cascades.
[3] (left)PoS(ICRC2021)1089
Figure
Source
significance
landscapes
shown
exemplary
only for SplineMPE
compared to Segneutral current interactions
response
propagation
PoS(ICRC2021)1073particle cascade.
mentedSplineReco, and contours of the pointing significance for both SegmentedSplineReco (middle) and
CRNN-Reco (right) comparisons. Crosses mark the points of maximum likelihood ( q, \). Shown is the
ν
10
Single cascade algorithm
e + hadronic combined data set with intersection cuts.
IceCube Uncertainties
Previous
Current
<1
cascade
This work
PoS(ICRC2021)1045
PoS(ICRC2021)1026
νe
m
cascade
ν
τ
significance landscape with a clearly visible moon shadow and surrounding background fluctuations.ab
Antares Moon Shadow
These are similarly distributed
between the compared reconstructions, which indicates that they30
τ
Radio
PoS(ICRC2021)1124
come from the data itself and not from reconstruction
differences. The pointing significance
1
Single cascades are
fluctuates
strongly
between
reconstructions
on
single
moon
cycles, but is a reliable result on the
Radio + Optical
elongated at high energies
KM3NeT Preliminary
combined data set as shown in figure 2. All reconstructions are compatible within their 1f contours,
spread in time
τ + hadronic
PoS(ICRC2021)1182
of light emission.
and show a systematic
shift of up to 0.2° to smaller azimuth Neutrino
values, which
might
be attributed to
cascade
energy
[GeV]

electromagnetic (EM)

Po

5
6
the geomagnetic field or other systematic effects.
cascade
model
| ICRC 2021,Single
Neutrino
Rapporteur
104
10
10
Figure 2: Left: Schematic of regions on-sky obtained by restricting the direction of the neutrino due to signal
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Combining Maximum-Likelihood with Deep Learning

Reconstruction techniques
See also discussion session 37: Reconstruction and Analysis Techniques

Observation: Many, many excellent contributions in the bowels of
the experiments in event reconstruction and simulations

IceCube GNN
PoS(ICRC2021)1044

KM3Net GNN

PoS(ICRC2021)1065

PoS(ICRC2021)1048

Trend towards modern machine
learning techniques, however,
established techniques still going strong

Double-cascades GVD
PoS(ICRC2021)1167

Background suppression
PoS(ICRC2021)1114

Hit finding Baikal

Figure 5: The pulse arrival time PDF, approximated by the generative model, is shown for three different
DOMs of the same event. The left panel shows the effect of modifying the z-coordinate of the cascade
interaction vertex, while the right panel illustrates the change due to the varying zenith angle.

PoS(ICRC2021)1063

Functional data analysis
PoS(ICRC2021)1095

Angular power spectrum
PoS(ICRC2021)1198

Uncertainties framework
PoS(ICRC2021)1180

MM framework IceCube

IceCube CNN
PoS(ICRC2021)1053
PoS(ICRC2021)1054

Liquid Argon NN
PoS(ICRC2021)1075

Radio NN
PoS(ICRC2021)1051
PoS(ICRC2021)1055
PoS(ICRC2021)1157

combining
both worlds
PoS(ICRC2021)1065

PoS(ICRC2021)1098
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ARA

Radio reconstruction

Highlight: Hoffman PoS(ICRC2021)014

see also discussion session 34: Radio detection of neutrinos
Encouraging development: radio is now also grouped with “mainstream” analysis
discussion
However, some challenges remain unique to radio, lots of progress:
Steven W. Barwick

ARIANNA direction reconstruction

PoS(ICRC2021)1151

NuMoon
PoS(ICRC2021)1148

Template search
PoS(ICRC2021)1147
Christoph Welling

Energy Reconstruction for RNO-G
Low-Threshold ARA Analysis

Energy
reconstruction

Kaeli Hughes

Angular reconstruction

PoS(ICRC2021)1231

Air shower
background in ice
PoS(ICRC2021)1032

Low SNR
Analysis
threshold

Polarization
ARIANNA

PoS(I

PoS(I

PoS(ICRC2021

PoS(ICRC2021)1153

Flavor in radio

PoS(ICRC2021)1156

PoS(ICRC2021)1033
Figure 2: Difference between measured and expected arrival directions (top plots:zenith angle, bottom plots:

azimuth angle). Left plots show the depth dependence; histogram projections are shown on the right. The
| ICRC 2021, Neutrino Rapporteur
expected direction includes the known geometry of the hole. Light blue triangles show the residuals using
Figure 2: Histogram of the ratio between reconstructed and actual shower energy for all events (left), those
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see also discussion session 35 Upgoing Tau Neutrinos: Present and Future

Tau neutrinos
Flavor physics and UHE simulations
The field of upward going tau neutrinos is booming
(see also
the experimental
ideas)
Geometry
& Propagation
Discussion session: Currently 7 independent codes to
calculate the tau propagation through the Earth
Code Flowchart

TauRunner
PoS(ICRC2021)1030

nupyProp
PoS(ICRC2021)1203

nuSpaceSim
PoS(ICRC2021)1205

Cherenkov for tau
PoS(ICRC2021)1201

Upward tau
and moon shadow
Geometry of Tau

Neutrino Induced Air
ANITA tau
Shower

PoS(ICRC2021)1208

Horizontal tracks
HAWC

PoS(ICRC2021)1110

Upward Tau Auger
https://pos.sissa.it/395/1203

PoS(ICRC2021)1140
PoS(ICRC2021)1145

UHE IceCube
PoS(ICRC2021)1170

Not a lot of discussion about the
ANITA mystery events, but interesting
follow up and limits from Auger

| ICRC 2021, Neutrino Rapporteur

2PoS(ICRC2021)1036

ZHAireS for tau
PoS(ICRC2021)1031

Flavor in total
PoS(ICRC2021)1178
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Muons

No dedicated muon session, natural overlap to air showers

The category is called “Neutrinos AND MUONS”
Km3NeT Muons

Muon related- problems:
(as background for neutrino detectors)
- too many in air showers (as compared to simulations)
- prompt neutrino production (and related muons)
uncertain, lacking solid quantitative predictions
Different simulations, all geared toward upgrading
more seasoned models:
- MCEq widely used for flux predictions and keeps being
improved
- CORSIKA 8 anticipated for comparison
- PROPOSAL for lepton propagation widely used
- small flux differences may be observable for neutrino
telescopes, but need a dedicated effort, not a byproduct of neutrino analyses
- Input from experiments at accelerators like FASER-nu
and NA61/SHINE eagerly anticipated

PoS(ICRC2021)1112
PoS(ICRC2021)1176

Uncertainty of
muon energy loss
PoS(ICRC2021)1221

2d muons sims
PoS(ICRC2021)1209

Analytic calculations
PoS(ICRC2021)1230

Underground muons
PoS(ICRC2021)1226

Seasonal variations
PoS(ICRC2021)1202

Hadronic interaction
uncertainties
PoS(ICRC2021)1227

Atm. neutrino predictions
PoS(ICRC2021)1149

| ICRC 2021, Neutrino Rapporteur
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Global and combined analyses

Plenum

Joining forces?

IceCube-Gen2

•

Future neutrino telescopes discussion session: Should we be
like particle physics and have ONE BIG telescope only?

PoS(ICRC2021)1185

PoS(ICRC2021)1183
PoS(ICRC2021)1184
PoS(ICRC2021)1186

End-to-end
forecasting
PoS(ICRC2021)1222

•

Reconstruction discussion session: Should we collaborate
better to more sustainably write code and make analyses
more reproducible across collaborations?

•

Do we give enough credit to those developing all our codes?

•

Do we educate future students well enough to become
efficient physicists in the modern world (data analysis,
simulations development) ?

No result at this conference would have been possible without software;
good software speeds up results, improves everyone’s work satisfaction, and
simplifies cross-instrument verification and collaboration
| ICRC 2021, Neutrino Rapporteur
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Cosmic
Physics

The world of neutrinos
3
1018

Vitagliano, Tamborra and Raffelt, 1910.11878, Rev. Mod. Phys. 92, 45006 (2020)
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Nuclearites KM3Net
PoS(ICRC2021)1152

Magnetic monopoles
This conference covers all known of these

PoS(ICRC2021)1127

Exotic neutrinos XMASS
PoS(ICRC2021)1155

various DM contributions
| ICRC 2021, Neutrino Rapporteur
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oS(ICRC2021)1109

7 ⌫4, 8 B,

and hep. The CNO cycle is hypothesised to be the main process in heavier stars [1], [2]. It
has two sub-cycles namely, CNO-I and CNO-II. The CNO-I sub-cycle is more dominant (99.95%)
and is simply referred to as the CNO-cycle. Neutrinos produced in this cycle originate from the
V- decays of 15 O and 13 N have continuous energy spectra with endpoints at around 1.5 MeV, and
1.7 MeV, respectively. The neutrinos are labeled according to the reactions they are produced in as:
13 N, 15 O, and 17 F. The theoretical energy spectra of solar neutrinos is taken from [3] and shown in
Figure 1.

Solar neutrinos

Stuck somewhere between the neutrino and the solar session

PoS(ICRC2021)1109

JUNO Solar neutrinos
PoS(ICRC2021)1229

Solar ANTARES
PoS(ICRC2021)1122

Solar flare search
Kamland
PoS(ICRC2021)1163

Solar flares Super-K
PoS(ICRC2021)1299

Solar atmospheric
IceCube
PoS(ICRC2021)1174

CNO Borexino
PoS(ICRC2021)1109
| ICRC 2021, Neutrino Rapporteur

Figure 1: The theoretical energy spectra of solar neutrinos taken from [3]. The flux is given in units of
cm 2 s 1 MeV 1 for continuum sources and in cm 2 s 1 for monoenergetic sources.

Borexino sees first evidence for CNO neutrinos.

1.1 Standard solar model

All other searches at this point still compatible with
background

The Standard Solar Model (SSM) is based on different assumptions. It is assumed that the
solar energy is produced through the pp-chain, contributing to > 99% of the energy, while the
contribution of the CNO-cycle is yet unknown. The Sun is in a state of thermal and hydrostatic
equilibrium. The solar composition is defined by its initial elemental abundance. The energy
8
transport from the core to the surface occurs through radiation and convection. The model relies
on standard solar parameters namely, luminosity measured through irradiance (3.828 x 1026 W),

JUNO has the potential to resolve B
2
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lti-Detector Analyses for Core-Collapse Supernova Neutrino Detection

Supernova neutrinos

ographic horizontal coordinate system from the CCSN right ascension, U, declination, X, and the
eenwich mean sidereal time expressed as angle, W:
=Æ = ( cos(U-W) cos X,-sin(U-W) cos X,-sin X).
e position of the detector : can be inferred from its latitude, q : , and longitude, _ : , angles, and
Earth radius, ' ⇢ 0A C ⌘ :
AÆ: = ' ⇢ 0A C ⌘ (2>B_ : 2>Bq : , B8=_ : 2>Bq : , B8=q : ).
e probability that the scanned angles (U, X) coincide with the equatorial coordinates of the CCSN
given by the following j2 function:
<0C 2⌘ )/XC ) 2
j829 (U, X) = ((C8 9 (U, X)-)0,8
89
9
<0C
2⌘
h no systematic shift in the )0,8 9
determination. The best estimate for the angles (U, X) of
searched CCSN location in the sky is given by the minimum of the function. The performance
pends on the uncertainty of the measured time delay XC8 9 of each detector pair.
further develop this approach, we studied the impact of using a prior on the position of the
ential CCSN through a Bayesian approach. The tested prior was a map of GAIA showing the
r density distribution in the Milky Way. This approach allows us to reduce the 90% confidence
a of the source localization by more than 55%, depending on the combination of neutrino
escopes which is used, as shown in Fig 1.

LHAASO

Everyone is getting ready to see “the ONE”

PoS(ICRC2021)1037

JUNO

Supernova Early Warning System will alert the astronomical
community to what is coming, many neutrino telescopes are
(in the process of) joining forces

IceCube

PoS(ICRC2021)1090

A supernova in our own Galaxy will certainly be a game
changer for the field, so we better not miss it!

PoS(ICRC2021)1076
PoS(ICRC2021)1187

PoS(ICRC2021)1116
PoS(ICRC2021)1085

KM3Net
PoS(ICRC2021)1102

LVD
PoS(ICRC2021)1111

Diffuse SN BG
SuperK
PoS(ICRC2021)1139
PoS(ICRC2021)1154

PoS(ICRC2021)1090
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ure 1: Comparison of the confidence areas obtained by the CCSN triangulation method [11] with and

29

Atmospheric neutrinos

Lodewijk Nauta

First neutrino oscillation measurement in KM3NeT/ORCA

Background and signal
Atmospheric
keep improving, a measurement of the Prompt neutrino
3.2 spectra
Results
predictions
prompt flux seems within reach, putting pressure on the
As a first step to find neutrino oscillations, the model < is fitted to the data set in terms
of
PoS(ICRC2021)1235
models to increase
precision
as
well
reconstructed energy and incoming angle. The outcome of the fit is then transformed to !/⇢ and
Seasonal variations
normalised compared to the “no oscillations” hypothesis for visualisation purposes. The model
PoS(ICRC2021)1159

is also fitted against the data while constraining the oscillation parameters to either Nu-Fit 5.0 [1]
KM3NeT Oscillations
values or “no oscillations” values while only marginalising the nuisance parameters.
Influence of
PoS(ICRC2021)1123
composition on flux
PoS(ICRC2021)1123
KM3NeT performance
KM3NeT preliminary

PoS(ICRC2021)1172

PoS(ICRC2021)1166

JUNO with ORCA
PoS(ICRC2021)1196

KM3NeT non-standard
interactions
IceCube

Nu-Fit 5.0

1.4

Ratio to no-oscillations

KM3NeT mass ordering

No oscillations
Fit
ORCA data

1.2
1

PoS(ICRC2021)1220

Update HONDA
model

PoS(ICRC2021)1210

0.8

KM3NeT Flux

0.6
0.4
0.2
0

PoS(ICRC2021)1

1.6

PoS(ICRC2021)1125
ORCA6 (355 days)
102

103

Lreco/Ereco [km/GeV]

Km3Net ARCA

PoS(ICRC2021)1134

PoS(ICRC2021)1165
Figure 3: L/E distribution for the ORCA6 data and expected number of events relative to the “no oscillation”
cross-sections
hypothesis. The binning is chosen such that similar statistics is present in each bin. The no oscillations and
Results
of oscillation
physics
and for
other
neutrino
properties
nu-fit curves in this figure
do not include
systematic uncertainties
as modelled
the ‘Fit’
curve.
PoS(ICRC2021)1132
PoS(ICRC2021)1158
keep improving

Figure 3 shows the !/⇢ distribution of the ORCA6 data, where the excellent agreement can be
From the fit results the j2 of the model is calculated and the significance of
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Astrophysical neutrinos
The astrophysical spectrum
Track-like GVD

Baikal-GVD and Antares/KM3NeT almost there
IceCube increases effort to provide the community with one
estimate and consistent reporting
Spectrum is needed/used as input for many estimates for
sources or BSM physics, so an important ingredient
IceCube Starting Tracks ICRC 2021

PoS(ICRC2021)1177

Baikal Search
PoS(ICRC2021)1144

Diffuse search
ANTARES
PoS(ICRC2021)1126

KM3NeT
sensitivity estimate
PoS(ICRC2021)1077
PoS(ICRC2021)1162

Starting tracks
IceCube
PoS(ICRC2021)1130

PoS(ICRC

Downgoing tracks
IceCube
PoS(ICRC2021)1137

Combined fit (sim)
PoS(ICRC2021)1129

PoS(ICRC2021)1130
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Figure 4: The single power law likelihood scans with the best fit point shown as a star. The confidence
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Data
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https://arxiv.org/abs/2011.03561
4

5

6
7
Visible energy (PeV)

8

9

https://arxiv.org/abs/2011.03561
First identifiable
tau neutrino
Also @ ICRC 2021: PoS ID 1146
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Fig. 3 | Reconstructed energy posterior probability density and expected
distributions from MC simulations. a, Posterior probability density of the
visible energy for this event. Systematic uncertainties due to the ice and global
energy scale of the detector are included. b, Expected Monte Carlo (MC) event
distributions in visible energy of hadrons from W− decay (GR h., blue), the
electron from W− decay (GR e., orange), charged-current interactions (CC; red)
and neutral-current interactions (NC; green) for a live-time of 4.6 years from
the PEPE sample. We assume the ratio ν : ν = 1 : 1, a flavour ratio of 1:1:1 at Earth,
an astrophysical spectrum measured from ref. 2, and cross-sections according
to equation (1) and ref. 32. The effect of Doppler broadening on the Glashow
resonance (GR)33 is also taken into account.

Glashow resonance

| ICRC 2021, Neutrino Rapporteur

E 2 Φ (GeV cm–2 s–1 sr –1)

al

• First convincing “Double-Bang” event signature
detected by IceCube
• Tau-neutrinos smoking gun signature for
New astrophysical
since lastorigin
ICRC

MC events in 4.6 yr per bin

10 h

PoS(ICRC2021)1146

IceCube cosmogenic , 90% UL (2018)15
Auger cosmogenic , 90% UL (2019)34
ANITA I-IV cosmogenic , 90% UL (2019)35
Auger cosmic rays (ICRC 2015)36
IceCube northern track (ICRC 2019)21
IceCube cascade (2020)24
This work

11

10–7

10–8

: ¯=1:1
All flavours
10–9
104
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Energy (GeV)

108

109

1010

1011

and ref.
from ref. , and cross-sections according to equation (1) 32
https://doi.org/10.1038/s41586-021-03256-1

Fig. 4 | Measured flux of astrophysical neutrinos. Global picture of
astrophysical neutrino flux measurements21,24, cosmogenic neutrino upper

2
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.
extends the measured astrophysical flux to 6.3 PeV. The luminosit

Astrophysical neutrinos
The theoretical community is giving it all
Modeling shocks
PoS(ICRC2021)1219

Modeling afterglows
PoS(ICRC2021)1214

Modeling clusters

see also discussion session: 39
Astrophysical Neutrinos – Theoretical
and Experimental Results

No shortage in ideas of what
to look for

PoS(ICRC2021)1212

Modeling GRB
progenitors
PoS(ICRC2021)1233

Modeling choked
GRB
PoS(ICRC2021)1223

MM Starburst Galaxies

Models are being refined, data is
combined from multiple
observatories to predict interesting
objects to look at
No “knock-it-out-of the-park”
suggestion

PoS(ICRC2021)1232

Galactic sources
PoS(ICRC2021)1215

UHE cross-section
PoS(ICRC2021)1200
| ICRC 2021, Neutrino Rapporteur

Images: DESY, Sci comm lab
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Astrophysical neutrinos
And so are the experimentalists
Point-sources ANTARES

For “Signals” see the MM rapporteur talk

Many searches, nothing conclusive (yet)

PoS(ICRC2021)1161

Intriguing

Time-variability IceCube
PoS(ICRC2021)1141

Radio-selected Blazars vs Antares

“Stay-tuned”

PoS(ICRC2021)1164

IceCube Cascades for sources

IceCube Magnetars
PoS(ICRC2021)1135

PoS(ICRC2021)1150

Point-source search IceCube

X-Binaries IceCube

PoS(ICRC2021)1138

IceCube transient search

Km3Net Starburst sensitivity
PoS(ICRC2021)1168

PoS(ICRC2021)1128

IceCube Transients < 1 TeV

Hard X-ray AGN IceCube
PoS(ICRC2021)1142

PoS(ICRC2021)1131

Antares vs Baikal
PoS(ICRC2021)1121

IceCube infrared Galaxies
PoS(ICRC2021)1115

IceCube Galaxy clusters
PoS(ICRC2021)1133
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Transients DeepCore
PoS(ICRC2021)1143

IceCube GRBs
PoS(ICRC2021)1118
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Bottom-line

We need more neutrinos

| ICRC 2021, Neutrino Rapporteur
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Neutrinos
Ideas
Calibration and detector
development
Reconstruction
and simulations
Cosmic Physics

Looking forward to ICRC 2023

