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This talk

KM3NeT is sensitive to astrophysical neutrinos
across a wide energy range
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Why exploring the sub-TeV sky
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Give extra information on source environment

Murase et al., Phys.Rev.Lett. 111 (2013) 131102
Bartos et al., Phys.Rev.Lett. 110 (2013) 241101
Maouloud, GDW, Ahlers, Bustamante, van Elewyck, PoS(ICRC2019)1023 5
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https://indico.cern.ch/event/848390

What do we need to detect
low-energy neutrinos

Large
detection
volume 7
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Atmospheric neutrinos ‘ :
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Thermal noise
Radioactive decay
Luminescence
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No single event reconstruction
possible

Search for a transient increase in
the overall detector rate

Triangulation for source localization

Estimate of the mean energy

IcECUBE

Neutrino interactions trigger
data taking

No angular reconstruction
possible at the moment

Search for an increase in the
rate during the astrophysical
transient

IcECUBE

ergy

Approach similar to what is
done in high-energy searches

Still enough hits to
reconstruct the direction of
the events

IcECUBE
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https://arxiv.org/abs/2011.05096
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.102001

No single event reconstruction
possible

Search for a transient increase in
the overall detector rate

Triangulation for source localization

Estimate of the mean energy

KM3NeT

IcECUBE

See |. Goos talk

Neutrino interactions trigger
data taking

No angular reconstruction
possible at the moment

Search for an increase in the
rate during the astrophysical
transient

KM3NeT

IcECUBE

ergy

Approach similar to what is
done in high-energy searches

Still enough hits to
reconstruct the direction of
the events

KM3NeT

IcECUBE
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https://arxiv.org/abs/2011.05096
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.102001




KM3NeT

Effective Area [m?]
=
° 9

(-
9
(o)

Super-Kamiokande

(-
-
I
~
\

: : KM3NeT preliminary
101 102 103
Neutrino energy [GeV]

(-
o
o

Neutrino2020, poster 161
Neutrino2020, poster 280 PoS(ICRC2019)934



https://arxiv.org/pdf/2011.05096.pdf
https://arxiv.org/abs/1612.06028
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e Approach similar to what is done in
high-energy searches

* Still enough hits to reconstruct the
direction of the events

e Mean angular resolution

In degrees @ Tracks Cascades
30 GeV
IceCube 20 40
KM3NeT/ORCA 5 5
SK <2 5-10 15
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ORCA can be used for neutrino astronomy!
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ARCA
1C211208A
Month time window

KM3NeT preliminar

Expected background
(using MC)
cted background

(using data)

Astronomer 's Telegram

ATel #15290; F Filippin/} G. Illuminali (Uniy, Bologna, INFN Bologn ), A. Hejjy
Gatiys, R. Mulie, (Nikhef), D. Dnrnic, y Uang, s. | e Stum (CPPM, Aix—Marseille
Univ,), 4 Palacips Gonzj, ilez (IFIc), 3. Cellj, 4, Zegareyyi (Uniy, La Sapienza, INFN
Flama}, R Coniglione (INFNLNS), D, Samlleben (Nikhef, Leidep Univ,), y, 4
Ko, Valey, 4, Plavin (Asc Lebege V) on behals of the KM&WeT Collaborafion
22, 10:54 yr

Dismbuted asan Instant Emair Notice Transients
Credenlia/ Cerrif/oarion: Damjen Dornjc (dornje, @cppm, in2p3, )

Online follow-ups

See the Alert session
on Thursday!

. ions
' ontribution
See Neutrino2022 ¢ i

PO536
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https://www.astronomerstelegram.org/?read=15290

Gravitational wave follow-ups

- Follow-up searches of O3 events with
4 and 6 DUs

- Getting ready for O4 real-time follow-
up searches

ANTARES/GW190814
ORCA4/GW190814
ORCAB/GW200208
Differential limits
~~~~~~ Effective areas
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AF of events . * .

See |. Goos’ talk

* No single event reconstruction possible

e Search for a transient increase in the overall
detector rate

* Triangulation for source localization

e Estimate of the mean energy
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Gravitational wave follow-ups

TITLE: GCN CIRCULAR
NUMBER: 26751

SUBJECT: LIGO/Virgo S200114f: Constraints on a CCSN or
heutrino search.

DATE: 20/01/14 22:22:57 GMT
FROM: Alexis Coleiro at APC/U.
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03!
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https://gcn.gsfc.nasa.gov/gcn3/26751.gcn3

AF of events . * .

ICECUBE

* Neutrino interactions trigger data taking

* No angular reconstruction possible at the
moment

e Search for an increase in the rate during the
astrophysical transient

22



AF of events . * .

L.
S

ICECUBE

o at the

e Search for an increase in the rate during the
astrophysical transient
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Dominant background in this energy range Feasi b|e
expected to come from the environment in KM3NeT?

(bioluminescence + K-40 decay)

4’OK KM3NeT

Exploratory analysis
Can we develop new
trigger conditions to
save sub-GeV
neutrinos?

Need to characterize the environment
signature to disentangle it from GeV
neutrino signature

pL

REsearch INfrostructures FOR Citizens in Europe


https://www.zooniverse.org/projects/reinforce/deep-sea-explorers

Unfolded DOM List of original variables

Number of hits on

Number of hits in EF the DOM
PMTs
- - Mean PMT ID on
the DOM
Number of hits in
ABCD PMTs Total time over
threshold on the
DOM
Mean + std of Mean + std of angle
PMT IDs between between consecutive
Mean + std delay consecutive hits hits

between hits and
the first hit Consecutive hits

| | | | |
| T | <
First hit
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Unfolded DOM Chosen approach

Single DOM analysis

—> Search for specific pattern
(t,x,y,z) in multi-PMT DOM:s in
minimum bias data

Focus on 30 ns time window
Developed to be applied to

ARCA and ORCA data e | KM3NeT preliminary
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Do we have a
good data/MC
agreement?

We also have a very
good data/MC
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Take-home message

* KM3NeT can probe astrophysical neutrino emission over
almost 10 orders of magnitude in energy

* We are sensitive (and have already results!) in the sub-TeV
range

* Running analyses in the MeV and >5 GeV range
* Ongoing efforts to cover the energy gap

Every additional DOM in the sea is enhancing our
sensitivity

29



Construction of new variables

* Principal Component Analysis (PCA)
* [somap
* Stochastic neighbor embedding method (t-SNE)

l

f2Z)=) ) dydy(z,3) — dy(x;, )
J

PCA

Isomap

t-SNE

14
Y



e ORCA

KM3NeT preliminary

e ORCA

Are the new variables

sensitive to ORCA/ARCA
data?

Considered detector

KM3NeT preliminary
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Are the variables sensitive to
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Do we understand the classification
in terms of the original variables?
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