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Neutrino Telescopes: definition for this talk

*Energy > GeV

(with the exception of neutrinos
from SN collapses)

* optical underwater/ice

detectors

(like the present members of the
Global Neutrino Network:
ANTARES, Baikal-GVD, IceCube,
KM3NeT)

* radio ice detectors
* air shower detectors

* (very large underground
detectors)
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The case for a network

*You have partners to form a network
and you want:

*to define a common strategy
*or/and to exchange know-how (technology, software, ...)

*or/and — if you have an operating detector — to combine
data, exchange alerts etc.

Christian Spiering, DESY / Venice 2023 7
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Start Completion

Construction Termination

1993-1998-2010

N , NT200
T Lake Baikal
[
1995-2000-2009 NESTOR
AMANDA
South Pole

NEMO

2001-2008-2022
ANTARES
Mediterrannean
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Some hiStO ry Start Completion

Construction Termination

1993-1998-2010

Amsterdam 2003 ﬁ'aTkzeoé’aikal

Catania 2005 0

Toulon 2008 ,19,\,,92,_\,2820'2009 NESTOR
Athens 2009 South Pole

Erlangen 2011
Stockholm 2013

NEMO
Rome 2015 2001-2008-2022
ANTARES
Dubna 2018 Mediterrannean
Valencia 2022 I
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Some history
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Some history

Start Completion
Construction Termination

2013: Global Neutrino Network GNN 199319982010

MANTS Meeting
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Operating neutrino telescopes 2023
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Right time to take networking to a next level

* Baikal GVD and KM3NeT/ARCA are approaching the cubic
kilometer scale

* With its superior pointing, KM3NeT/ARCA might soon
achieve a similar sensitivity to point sources like IceCube.

* Field of views are overlapping = combine data!

Christian Spiering, DESY / Venice 2023 14



GNN: basics

GNN>

The GLObalL Neutrino NetWory \

Formed 2013:

= ANTARES

= Baikal Chairs of the GNN Board:

= [ceCube » 2013-17: Christian Spiering (lceCube)

= KM3NeT = 2017-22: Uli Katz \
(KM3NeT/ANTARES/IceCube) e

_ . IceCube
" Since 2022: Greg Sullivan  (IceCube)

https://www.globalneutrinonetwork.org/
Christian Spiering, DESY / Venice 2023 15



GNN: goals

Develop coherent strategy to maximize the synergistic
effects: exchanging information, analysis methods, cross-
checking results, defining common ways of presenting data

Work toward framework for coordination of cooperative
actions and self-organization of the neutrino astronomy

community

Fostering future technological developments

Christian Spiering, DESY / Venice 2023 16



GNN: goals

= Cooperative projects, e.g.

Common analyses

cross-checks of results with different systematics

coordination of alert and multi-messenger policies

exchange and mutual checks of software

standards for data representation

exchange of expertise through mutual working visits of scientists and engineers

= Topical workshops, e.g. MANTS meetings /VLVNT Workshops

= Annual award for outstanding PhD thesis/theses

= Monthly Newsletter (“GNN Monthly”)

Christian Spiering, DESY / Venice 2023 17



GNN: goals

GNN

The GLObaL Network. N\

MONthL!

News from Bai

On February 21, a transport with all remaining
equipment for the winter expedition left Moscow.
With great sadness, however, we had to hear that
Andrei Panfilov, one of the very pioneers of the Baikal
experiment and also this time already at the Lake,
passed away 3t February 27. Please read the obituary
3t the end of this newsletter.

The official closing of the South Pole station was
already last week. The “snow eagle” (see the picture)
was the very last plane to visit the South Pole at
February 25. From now on, the winterovers will be left

themselves until the end of October.

With an uptime of 99.8% in the first week of isolation,
IceCube performed rather pleasantly.

From February 25 to March 1, an ANTARES/KM3NeT
Meeting took place in Thi

, Georgia. The meeting

coincided with the good news that the Thilisi gro]
Revaz Shanidze will get financial support

On February 15/16, after an agonizingly long per]
bad weather, the KM3NeT Collaboration success]
deployed and connected the first of the four aval
ORCA detection units (DU) to the refurbished m:
electro-optic cable. Unfortunately, after the
deployment of the first DU, the winch of the hea|
line failed and the other three DUs could not be
deployed. The next campaign is planned for mid
April.

TR

Four rolled-up detection unitz waiting for deployment

All 18 optical modules of the connected detectiol
are providing good quality data, see the figure o
next page.

Depth verzus time plot for
fir=t ORCA Detection Unit

dcwn-gaing muon recorded with the

Neutrir

» Meeting at ONC

On the 15th and 20th of February, Ocean Network
Canada (ONC) has hosted a meeting on neutrino
telescopes. The existing NEPTUNE infrastructure
operated by ONC could in fact host a new telescope.
The meeting covered preliminary results from STRAW,
the planning of a new mooring line STRAW-b for 2020
and a longer-term construction. A modular approach
based on bundie of 10-strings has been discussed and
a budget plzn has been proposed to finance the first
bundle. A conceptual design report is under
praparation to cover in details the goal of the new
installation. The institutions involved at the moment
are ONC-Univ. Victori, Univ. Alberta, Quesns, and TU
Munich

P——
2
T ————

Publications

The ANTARES Collzboration has posted 2 paper

ANTARES neutrina search for time and space
correlations with IceCube high-energy neutring &
hips: /1302.09462). Giulia lumij

(IFIC Valancia) as orraspond

£ author examins:
arrival time and direction of 6894 track-like and
shower-like events recorded by ANTARES over
2346 days of lifetime and locked for coincidence|
54 IceCube high-energy track-like neutrino event
(HESE and through-going muons). For steep spa
one may hope for a correlation since for the Sou
hemisphere ANTARES is much more effective at |
energies [see, however, the paper below on a
threshold for lceCube). She finds no significant
correlation and derives upper limits on the one-
neutring fiuence from the direction of the IceCul
candidates. Special attention is given to the two
enargatic lcaCube events. The sbsence of time =
space correlation within a time window of 0.1 d
between ANTARES events and these two lceCubs
events constrains the spectral index 1 of a possib)
point-ike flaring neutring source to be hardsr thi
-2.3forthe firstand -2.4 for the second event,
the figure

For the two cases of spectral index ¥ equal to -2.
-2.5 respectively, fluence limits for all 54 events
given — about 20/(GeV ) for = -2.0, slightly
dependent of the declination

Another low-znergy look to the Southern hemisphere
is taken by the IceCube Collzboration in their paper
MNeutrinos below 100 TeV from the southern sky
employing refined veto technigues ta lceCube data
{https://amiv.ors/abs/190;
Astroparticle Physics). Every reader of GNN Monthly

92, submitted to

knows what HESE means: High Energy Starting Events.

The domain of HESE is the energy range above several
tens of TeV. Three new selection strategies have been
developed to improve the sensitivity to track-like
events at energies below 100 TeV: MESE (Medium
Energy Staring Events), STeVE (Starting TeV Events)
and — moving into the region below 1 TeV — LESE (Low
Energy Starting Events). Using an online filter which
selects track-like events starting inside the detector,
plus the two vato-based strategies LESE and STeVE,
the atmospheric background could be reduced from
order 10 triggerad events to a few thousand svents
per year in the final event samples. The figure below
shows the effective areas of the different samples for
the Southern hemisphere, compared to the ANTARES
effective area. (Note however that the ANTARES
angular resolution is about 5 times betrer at these
energies. Therefore IceCube cannot compete with the
ANTARES analysis presented above!)

Effective sreas of the LESE (ighe lus) and STeVE (dark biue]
selctions compared to othes leCube selactions using tracks the

ghgeing ghtEray staring
event selection [MESE) (dashe gray). Also shown i the eFective
for ANTARES (afack. The effecte =
neuring i v, + i, and averaged aver the solid angie inthe
incleated .

shown fora

50% C.L. upper [imitz on the expacted number of leeCube &
nient £ soint-like zource emitting

= function of the spectral incen 7 for
mest energetic IceCube events of the throughgoing muon
and o the HESE sample, respectively. The dotted ine corre;

to the number of everts detected by leeCube for £ach of thy

Rickard Strom (Uppsala), David Altmann (Eriangen)
and Alexander Kzppes [Minster] have used these
samples to search for point-like neutring sources in
the southern sky at energies between 100 GeV and
several TeV, using four years of IceCube data

No significant deviations from the background-cnly
hypothesis were found. Upper limits at 0% C.L were
calculated for 2ll 36 sources of a pre-defined list (see
the following figure). The most significant source was
HESS J1616-508, with a post-trial p-valus of 6.1%,
agzin compatible with the background-only
hypothesis.

Sersitivity and S discovery patential sz funcions of decl
with flux upper limits for esch ject in the source catalog
assuming 3 zoft spectrum [spectral index y = 3).

This analysis is the first of lceCube to search for point-
like sources of neutrinos in the track channel at these
energies in the souther sky. The samples are also
well suited for searches for extended sources or
neutrine emission in the Galactic plane where the
drawback of the moderate pointing s less important).

The paper A search for transient optical counterparts
to gy IceC with P

was submitted to Astronomy and Astrophysics and
posted at https://ariv.orz/abs/1501.11080.
Pan-STARRS is a 1.8-m telescope located at the
Haleakala Obssrvatory in Hawail. It is equipped with =
1.4 Gigapixel CCD camera with ~ 7 deg® FoV and

sutomatic real time data processing. Anna
Franckowizk , Jakob van Santen {both DESY) and
Clzudio Kopper [Michigan State Univ.) for lceCube
together with several Pan-STARRS scientists have
used Pan-STARRSL. to follow-up five of the 2016/17
IceCube alents to search for any optical transients that
may be related to the neutrinos. Typically 10-20 faint
extragalactic transients are found within the Pan-
STARRS1 footprints and are generally consistent with
being unrelated supemovae (SNe) and AGH. The
figure shows the landscape of sources around one of
the five evemts.

Grections [ie. 1]

= Monthly Newsletter (“GNN Monthly”)

Christian Spiering, DESY / Venice 2023
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The domain of HESE is the energy range above several
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developed to improve the sensitivity to track-like
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Energy Staring Events), STeVE (Starting TeV Events)
and — moving into the region below 1 TeV — LESE (Low
Energy Starting Events). Using an online filter which
selects track-like events starting inside the detector,
plus the two vato-based strategies LESE and STeVE,
the atmospheric background could be reduced from
order 10 triggerad events to a few thousand svents
per year in the final event samples. The figure below
shows the effective areas of the different samples for
the Southern hemisphere, compared to the ANTARES
effective area. (Note however that the ANTARES
angular resolution is about 5 times betrer at these
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and Alexander Kzppes [Minster] have used these
samples to search for point-like neutring sources in
the southern sky at energies between 100 GeV and
several TeV, using four years of IceCube data

No significant deviations from the background-cnly
hypothesis were found. Upper limits at 0% C.L were

calculated for all 96 sources of a pre-defined list
the following figure). The most significant source
HESS J1616-508, with a post-trial p-value of 6.1%,
again compatible with the background-only
hypothesis.
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Dissertation Prize — a Reminder

The deadline to submit nominations for the
dissertation prize has been extended from October 1
to October 14 (see the recent mail from Greg Sullivan).
Nominations should be sent to Greg: gws@umd.edu.

1 Allinvolved in supervising PhD thezes can zend nominations

2. Only one candidate per propozer can be nominated

3. The thesis must have been successfully defended

4. The date of the defense must have been in the period April 1, 2022
toJune 30, 2023,

5. The proposer hould submit a laudation et

propozes the thesiz for the Dizzertation Prize.

6. Accepted languages are, to 3 certain degree, defined by the
avaitability of reviewers from other countries and intitutes. The
committee expect: to accept Englizh, French and italian as thesi
anguages (aszuming that German, Danizh, Swedizh and Dutch ¢
are in Englizh and those from Morocco and Belgium in Englizh or
French). In c thiz range of languag
pleaze contact Greg Sullivan.

7. inotcontained in the thesiz, 2 2-p
the candicate iz required

8. The main criterion will be the quality of the thesis, not just the best
mit or mozt zpectacular rezult. It iz thuz 3izo pozzible o receive the
prize for 3 technical thesi
reconstruction.

of candidate thezes outsic

ze English summary written by

or e.5. for 3 thesis on improving the event

News from the Experiments

Baikal-GVD

The winter expedition of 2024 will include (in addition
to the standard strings) the test of a prototype of a
string with twelve 20-inch PMTs of Chinese
production as part of the Baikal-GVD telescope. At a
meeting at Lake Baikal in August 2023, the main issues
related to the design of the prototype and its
connection to the telescope data acquisition system
were agreed.

Participants of the meeting. From left to right, Mingjun
Chen (IHEP Bejing), Dmitri Petuchov, Alexander Doroshenko,
Kirill (all INR), igor (JINR), Viadimir
Aynutdinov (INR), Bo Gao (IHEP Bejing)

IceCube

Nothing special from IceCube. At the South Pole, the
summer season is coming closer. The next picture
shows the IceCube lab before sunrise.

September 26, 2023




Neutrino Telescopes: present players
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Neutrino Telescopes: present plus new players
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Prototyping and R&D phase
Pacific Ocean near Vancouver
Depth 2600 m

Interface, anchoring and
deployment operation by ONC
(Ocean Network Canada)

East (-2660 m)
ODR1027C |
Hydrophone (4)

Accelerometer
Neutrino
Experiment Tiltmeter @

STRAW) & @
s

Sew

Neutrino
Experiment

) CORK 1027C

Neutrino ’

"~ P-ONE (Pacific Ocean Neutrino Experiment)

%

OCEAN NETWOR

Discover the ocean. Und‘ér‘?\t nd t
DY

Exploret

Plate NEPTUNE Obsewafor){

Clayoquot
Slope ==

Middle Valley

“Y Endeavour

o Cascadia
Basin
2660 m

Anlnl‘ai»‘é ofthe U

(STRAW) Experiment

(STRAW-B)
[ e— —
O 25 50 75 100 Metres

STRAW —

.

completed pathfinder missions



P-ONE (Pacific Ocean Neutrino Experiment)

* Conceptual Design:

‘ ) 7 clusters x 10 strings x 20 DOMs
—e 3 1 3, (total: 70 strings, 1400 sensors)

= Attenuation length at 450 nm
~28m

1000 m

= 2024/25:
P-ONE-1 - one single string
" 2025-27:

P-ONE demonstration cluster
(5 strings)

Christian Spiering, DESY / Venice 2023 23




TRIDENT

Chinese Detector Plans
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TRIDENT

Chinese Detector Plans

(Trident)
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500 - 2,560 m 860 m
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Optical Modules (OMs)

» 20-inch PMT

» 2,304 strings of OMs

» 55,296 OMs in total

Two locations considered:
South China Sea or Lake Baikal




Neutrino Telescopes: fields of view*

@ T1Xs0506+056 B IceCube B Baikal GVD At any time, ~80% of the sky is
& NGc 1068 P-ONE M Trident in the field of view of at least one
. Galactic center/plane B KM3NeT

~—

neutrino telescope.
(for v energies < 100 TeV even more)

30°N

See

TOWARDS A PLANETARY NEUTRINO
MONITORING SYSTEM

E. Resconi, Venice 2019

and

PLEVM: A global and distributed monitoring
system of high-energy astrophysical neutrinos
L. Schumacher et al., PoS (ICRC2021) 1185

24h

30°S

Lisa Schumacher, PLEVM * bands cover a zenith region between 5° above and 30° below horizon

[transmission of Earth at 30° b.h.: ~ 80% for 100 TeV, 40% for 1 PeV]
28



First combined search for neutrino point-sources in the Southern Hemisphere
with the ANTARES and IceCube neutrino telescopes
Astrophys. J. 823:65,2016

Y

E2d®/dE (GeV cm ? s

Limits and sensitivities for;-— = 2.0

10° |-

— IC 3 years
P .J-—- IC 3y (100 TeV cut)
¢ = IC limits
Y= 2.0 —— ANTARES
; : --- ANTARES (100 TeV cut)
e ANTARES limits

E>d®/dE (GeVcm ? s 1)

10°

107 o @ R aaia g

Limits and sensitivities fory = 2.0
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: : X
—_— _‘A ‘A :
X e ! * -
os | Xx—esk -~ ¥
L=~ s o Mool R X _h?'lu-«__x :
' : e

10 —0.8 -06 -04 —02
sin(4)

T —

29



Sky Coverage with 1-km?® and 8-km? detectors

107 - : :
: a a
| I 1oy £
| L :DEEUEE-GE"E All-sky point source
| , ceCube . cie . .
107 - | | — KM3NeT 90% CL median sensitivity (dashed dot lines)
— ' ' . . . .
o ) | | — TRIDER and 5o discovery potential (solid lines)
g i i
- I [
> 10" - | |
= . I }
g : | \):/’
::-: : : I._ -~ ___,_.---""'""—-‘
= //—Jl_ -_ |
107" © | | ]
; i — o — e ® s
L-—" o, @)
| 8 | =1 taken from Z.P. Ye et al. (TRIDENT Coll.)
- %: Nature Astronomy, Oct. 9, 2023
0™ 2, % .
1.0 0.5 0 0.5
sind 'SY / Venice 2023 30



Basic Message 2

7 *Multimessenger character
=7 0 of sources necessitates

[

e 1 multimessenger methods
NS R AN
s S P —=
—— e s
e T .

A S e
S e b

A A T
T\ XL B S — 3

S == « SNEWS: catching supernovae
e - —

NS —  AMON: discovering transient
— N\ A‘_-“-“ \‘» ee—— /,,/\’?'/ .
= AN R multimessenger sources
PR
7 ‘ e * v alerts: lceCube and ANTARES
- '

\ i * Follow-ups with neutrinos
q/esig/ Kirsty Pargeter



SNEWS: SuperNova Early Warning Network

v detector 3

v detector 2

v detector 4

Server

10 sec coincidence window

Super-K

KamLand
SNO+
HALO
IceCube

Email alarms
to astronomers

Alarm packets to
GW & v detectors
and GCN

(KM3NeT)

Test mode since 2001
Fully operational since 2005

Goals

* Enable optical observation of the
early phase just after shockwave
breakout

e Pointing via triangulation

Requirements 2001.:
* Prompt ( < hours)
* False alarms < 1/century *

k
2000: If you have even one false alarm, no one will ever believe you again
12023: Multi-messenger astronomy generates oodles of alerts, no problem

|



SNEWS: SuperNova Early Warning Network .

HALO (30,v,, v..), R—— A DarkSide-50 (100, 7.), DarkSide-20k (25

SNO+ (300,7;)

XENON (100, any v), Darwin (800, any
HALO-1kt (7
Super-K (7x10%,v,)
w N & KamLAND (300,7)
NOvA (4000,v,)

S N E W S Z.O\DavaBay(loo~.1

LZ (100, any v) JUNO (7x10%, v,)
DUNE (30

PandaX (100, any v)
Expected number of events at T T

10 kpc and dominant flavor

S . future facilities
sensitivity in parenthesis

IceCube (10°,v,)

= Sensitivity to ,,pre-supernovae V'

Habig & Scholberg, Nature Review Physics 2 (2020),

SNEWS 2.0

Enable optical observation of the
early phase just after shockwave
breakout

from nearby SN

Pointing via triangulation:
information implemented

= Various other analysis options

(time series, ....)
false alarms acceptable

low probability events will be
reported

Include large DM detectors
(< 1 keV threshold)



SNEWS: SuperNova Early Warning Network .

lceCube and KM3NeT are sensitive to MeV neutrinos from CCSN bursts — via an increase in PMT counting rates
(sensitivity of IceCube much higher due to lower dark noise rates)

Precise timing. No information on energy of single events, or on direction.

1000 ¢ . I . . —— .
i ‘Milky Way (center no os.c:|llat|0n 0.5s
normal hierarchy 0.5 s
inverted hierarchy 0.5 s
20 M
5 100 F el
% 4;{% ;NMkyVVay(edge)
=] : = LMC ‘
'(% 0.1y~ false trigger rate : : ‘b :SMC
10 'SNEWS ‘trigger threshold W L
. v
internal trigger threshold 2 b
1 0 10 20 30 40 50 60 70

Distance [kpc]

Sensitivity (o)

501 : 11 Mo, without BDT 1227
! -=- 40 M, without BDT
30 A : 11 M., with BDT 527
—— 27 Mo, with BDT
| —— 40 Mg, with BDT
204 ! 1 F275
i i O,
1 : (=}
| Vel | Ol
101 - o ON = L 96
! W! o) ©|
! ',:’; j‘}\ —1.
( ; T: (Uw hEN ™N 'A:
o 8 SN s
o O I T =
S‘E‘Jf ‘:)I' i e \\ »;_,;: - 37
O, . . O
4-J) = | ~ |
L © > Q)
34 L L " g . . L L 19
0 10 20 30 40 50 60

Distance (kpc)

Number of CCSN events



SNEWS: SuperNova Early Warning Network

Pointing via triangulation

Sky area determined at 1o for a SN at the Galactic center combining timing information from

IceCube + Super-K lceCube, DUNE, JUNO, Hyper-K

15 25°

60 — I —

assuming normal hierarchy

(Hudepohl 2014 and Linzer & Scholberg 2019)
36



Astrophysical Multimessenger

Observatory Network

Discover transient multi-messenger sources

=" Prompt distribution of electronic alerts
for follow-up observations to identify
and study counterparts

__(Sub-threshold)  w Reg|-time and near real-time sharing
Events
of sub-threshold data between

—» Alerts . .
multlmessenger observatories
—» Follow-ups

Follow-up m Real-time and archival searches for

Telescopes

O Other coincident signals

Optical/y-ray
Telescopes

Observatories

* General Coordinates Network/Transient Astronomy Network diering, DESY / Venice 2023 37



Astrophysical Multimessenger

Observatory Network

Discover transient multi-messenger sources

Alert partners

* IceCube, (ANTARES), Auger, HAWC,
VERITAS, FACT, Swift BAT, Fermi,
(Sub-threshold) LIGO/VIRGO

—> Events

—» Alerts

—+ Follow-ups __ FOllow-up partners

et » Swift XRT & UVOT, VERITAS, FACT,
OObsSrt/haigries MASTE R, LCOGT

Optical/y-ray
Telescopes

* General Coordinates Network/Transient Astronomy Network diering, DESY / Venice 2023 38



Astrophysical Multimessenger

Observatory Network

The NuEM channel: analyses

Archival Analysis

Real-time analysis

ANTARES + HAWC

T

lce-ube +Fermi LAT

Hugo Ayala, talk at TAUP 2023



Single-event alerts

IceCube

* Gold channel:  ~10/year, >50% signal Publicly broadcasted through
— GCN / plus AMON

* Bronze channel: ~20/year, 30% -50% signal

ANTARES
* Hi : ~12 B .

High el.nergy /year Sent to private partners (MoU) = for
* Very-high energy: 3-4/year ~ coincidence = GCN / plus AMON
* v close to local galaxies: 12/year _ TAToO (Telescope ANTARES Target of Opportunity)
Baikal GVD

Some fraction released after
* Very-high energy cascades (1/cluster and year) —> human inspection as ATel

(Astronomer’s Telegram)



Single-event alerts

IceCube

* Gold channel:  ~10/year, >50% signal Publicly broadcasted through
— GCN / plus AMON

* Bronze channel: ~20/year, 30% -50% signal

ANTARES
* Hi ; ~ 2 h :
High er\ergy Ofyear Sent to private partners (MoU) = for
* Very-high energy: 3-4/year ~ coincidence = GCN / plus AMON
* v close to local galaxies: 12/year _ TAToO (Telescope ANTARES Target of Opportunity)

Y

Sent neutrino alerts: 322 to robotic telescopes, 26 to Swift, 15 to INTEGRAL, 20 to radio tel., 2 to HESS
(ANTARES 2009-2021) Follow-up efficiencies: ~70% (X-ray /optical) ; ~20% (radio)



v alerts: IceCube

Gamma-ray Coordinate Network (GCN) Notices and Circulars

CIRCULAR !

<1 min Few hours Immediately after GCN Circular

GCN Notice (Rev0) GCN Circular GCN Notice (Rev1)
> Processed at South Pole. > Processed at north. > Best-fit position and
> With: > More sophisticated angular radii updated

o Discovery time and date; algorithm. with circularized

o lceCube run and event number; > Refined direction and errors from GCN

o Best-it coordinates; angular coordinates Circular.

o Angular radii 50% and 90%; (rectangular error

o Signalness;

region).
o False Alarm Rate:

o  Likely Neutrino energy
(assuming a spectral index = 2).
The IceCube Realtime Program | TeVPA 2023, Napoli, 13/09 Giacomo Sommani 14

42



V alertS: ICECUbe Single-event alerts

Subject  IceCube-231014A - IceCube observation of a high-energy neutrino candidate track-like event

Date 2023-10-14T23:19:35Z
From Marcos Santander at U of Alabama <jmsantander@ua.edu>
Via legacy email

The IceCube Collaboration (http://icecube.wisc.edu/ ;) reports:

On 2023-10-14 at 22:00:06.27 UT IceCube detected a track-like event with a high probability of being of
astrophysical origin. The event was selected by the ICECUBE_Astrotrack_BRONZE alert stream. The average
astrophysical neutrino purity for Bronze alerts is 30%. This alert has an estimated false alarm rate of 4.853
events per year due to atmospheric backgrounds. The IceCube detector was in a normal operating state at the time
of detection.

After the initial automated alert (https://gcn.gsfc.nasa.gov/notices amon_g_b/138449 20481611.amonps), more
sophisticated reconstruction algorithms have been applied offline, with the direction refined to:

Date: 2023-10-14

Time: 22:00:06.27 UT

RA: 297.16 (+2.73 / -4.32 deg 90% PSF containment) J2000
Dec: +1.34 (+1.24 / -1.11 deg 90@% PSF containment) J2000@

We encourage follow-up by ground and space-based instruments to help identify a possible astrophysical source for
the candidate neutrino.

Two Fermi 4FGL-DR4 sources are located in the 90% uncertainty region of the event. The sources are 4FGL
J1947.0+0031 at RA = 296.76 deg, Dec = +0.52 and 4FGL J1955.7+0214 at RA = 298.94 deg, Dec = +2.24, located 0.91
and 1.99 deg away from the best fit position, respectively.

The IceCube Neutrino Observatory is a cubic-kilometer neutrino detector operating at the geographic South Pole,
Antarctica. The IceCube realtime alert point of contact can be reached at rocf@icecube.wisc.edu leg
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side view

(IceCube-170922A)

290 TeV Neutrino

The TXS 0506+056 case
22. Sept. 2017

Signalness
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I t IceCube, Fermi-LAT, MAGIC, AGILE, ASAS-SN, HAWC,
V a e r S H.E.S.S, INTEGRAL, Kapteyn, Kanata, Kiso, Liverpool,

Subaru, Swift, VERITAS, VLA, Science 2018

Follow-up detections of IC170922 based on public telegrams

& 23

MASTER robotic optical

jra telescope after 73 sec
it 280

@, O @,

IceCube Swift Fermi, ASAS-SN

September 22 September 26 @@ September 28
O O—
SALT, Kapteyn MAGIC Liverpool, AGILE
October 7 @ October 4 September 29
@, O O— o
Kanata, NuSTAR VLA Subaru

October 12 October 17 October 25



Flux (> 1GeV) [cm™2s71]

Coincidence with Flaring Blazar, TXS 0506+056

w
1

N
1

Fermi-LAT light curve

le—8

lceCube-170922A
{  Fermi-LAT
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Time relative to IceCube-170922A (days)

Christian Spiering, DESY / Venice 2023

o
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o

4.6°

Single-event alerts

MAGIC Significance map

TXS 0506«“
T

MAGIC significance [0]

PKS 0502+04§

78.0° 77.6° 77.2° 76.8° 76.4°

Right Ascension
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TXS 0505+056: Looking back to archival data

Science 361 (2018) 147

[C40 I1C59 IC7T9 IC86a [C86b [C86c

mamr JeeCube-1T0922A
Gaussian Analysis
m— PBox-shaped Analysis

2009 2010 2011 2012 2013 2014 2015 2016 2017



multiplet alerts

IceCube

* Multiplets within 100 sec

 Neutrino clusters on all time scales

up to 180 days (GFU program) _ Sent to private partners

(MoU)

ANTARES

* Multiplets (< 3°, < 15 min) ~




multiplet alerts

2002: a tantalizing coincidence ...

initiating the Target of Opportunity program:

look for ,neutrino flares“ and alert IACTs ! Flux of
TeV photons

(arb. units)

Arrival time of AMANDA
neutrinos from the direction
of AGN 1ES 1959+650

lceCube: )
Gamma-ray Follow-Up
Trigger (GFU) "~ May | June | July

( identify neutrino flares | I I I I >
as they begin to evolve ) 2000 © 2001 2002 2003 Year

M. Ackermann, E. Bernardini 2005
Christian Spiering, DESY / Venice 2023 49




multiplet alerts

IceCube GFU alerts to IACTs:

neutrino flare passes a pre-defined significance threshold (3.0 - 3.5¢ for known
y-ray sources, depending on the choice of each IACT, and 4.20¢ for all-sky alerts) .

— A Best Fit
v
2 O
]
g
=
& Temporal evolution of
c
B0 he trigger significan
2 Higgers @ o the trigger significance
.‘ “ @
9 (PhD thesis T. Kintscher 2020)

Time



multiplet alerts

IceCube GFU alerts to IACTs:

neutrino flare passes a pre-defined significance threshold (3.0 - 3.5¢ for known
y-ray sources, depending on the choice of each IACT, and 4.20¢ for all-sky alerts) .

7 A u%}-‘n Best fit source (archival data):
% 1ES 0347-121 (6=-11.98°)
= 4.840 local > 1.810 post-trial significance,
E*E ® Best fit flare parameters: 6.9 hours and
& Iriggers @ ® 3.93 events (see talk Sarah Mancina)
® o
»

Time



multiplet alerts

o TT— lceCube alert positions
e x ) T~ observed by IACTs
! . - ) 10/2017 — 3/2021
ll o’ X y X J e X
I"xm X ) ~
\\ / X ’ - ’;
#  Singlet alerts _
¢ GFU multiplet alerts * -
Observed by FACT L y ,f

Observed by HE.5.5.  ———

Observed by MAGIC e IceCube Preliminary

Observed by VERITAS , ,
Equatorial coordinates



... and finally: Neutrino Follow-ups

All four experiments (ANTARES, Baikal-GVD, IceCube, KM3NeT)
follow-up gravitational or electromagnetic alerts/events/flares

Example: Search for neutrinos from GW170817
in ANTARES, Auger, Baikal-GVD and
IceCube data in +/-500 sec 6

30°
no counterpart found

AL
-O -~
15
L 2 % x
o IceCube up-going “oie
=i ot o=t =
0 P —-—TeC domrte T~

W, O
ZEN
;ﬁ"(J
/ GW (90% CL)

+ NGC 4993
¥ neutrino candidate (IceCube)
¢ neutrino candidate (ANTARES)
== === [ceCube horizon
ANTARES horizon
[ ] Auger FoV (Earth-skimming)
[ ]Auger FoV (down-going)




... and finally: Neutrino Follow-ups

All four experiments (ANTARES, Baikal-GVD, IceCube, KM3NeT)
follow-up gravitational or electromagnetic alerts/events/flares

+500 s time window

Example: Search for neutrinos from GW170817

in ANTARES, Auger, Baikal-GVD and 10°
IceCube data in +/-500 sec -
N
no counterpart found E 10
-~ S W=t
-
AR J— .

. . . e . 'S;-a. " \ K|~mumvl al.
COnStra|n|ng of optimistic models W 10" _immenaavay & '\ EE moderate
is in sight ! 8 \

1072  Kimura et al. ) R ¢
EE optimistic ' T ic g
f , ; 0
prompt
1073

107 10° 10 10° 10° 107 108 10° 10" 10"
Christian Spiering, DESY / Venice 2023 E (GeV) 54



... and finally: Neutrino Follow-ups

All four experiments (ANTARES, Baikal-GVD, IceCube, KM3NeT)
follow-up gravitational or electromagnetic alerts/events/flares

Example: ANTARES GRB follow-up

Sky map in Galactic coordinates with the positions
the Fermi (red triangles) and Swift (blue triangles)
GRBs followed by ANTARES between

01/2014 and 02/2022.

Shade of grey indicates ANTARES visibility.  1go _

Albert et al., arXiv:2211.0755 -
Christian Spiering, DESY / Venice 2023 55



Baikal GVD ATel/follow ups: 2018 — Feb 2022: 25 cascade-like events

=

=
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Conclusions

 With KM3NeT and Baikal-GVD, IceCube has partners of similar power
— networking will be taken to a new level!

— 20
: ﬂ/ /,/f\y%/, * The Global Neutrino Network with its present partners has a 10 year-history,
_— /’j — }‘»‘A/\ e - . . .
7~ with a true community formed. It will likely be broadened by new partners and
= — = NS |

TSN
=< # realized in all ist aspects.
-“"='6i‘:i'A“=-; "./ N

S e A . : i cioni
»"‘@If@@'firs mbining data from different neutrino telescopes will signifcantly enhance

s/_%very potential.

A

< ﬁ%just at the beginning of the era of Multi-Messenger (MM) astronomy!

‘aﬁy potential MM sources are transient — fast coordinated observations are

/‘ S ~
—___ necessary.
’ = *
4 ~_* Networks to trigger and coordinate observations exist/are under development.
* Correlations sub-threshold excesses promise new disoveries.

q/esig Kirsty Pargeter
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