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Astrophysical neutrino sources

Several astrophysical objects are suggested as sources of neutrinos, mainly those which are
considered or confirmed to be cosmic rays acceleration sites (hadronic processes). Some of these are:

Core collapse supernovae
(CC-SNe). First confirmed
transient source of
neutrinos (SN1987A)

Binary systems involving
compact objects producing
jets and accreting matter (e.g.
BNS mergergers,
Microquasar).

Supernova remnants (SNRs) Pulsar wind nebulae_
with shocks accelerating (PWNe) powered by rapidly
cosmic rays. spinning neutron stars.

Most of these sources are particularly interesting for multi-messengers astrophysics.
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Follow-up Analysis on GW-04a catalog in Super-K

A follow-up coincident analysis for neutrino counterpart with GW events detected during O4a run
(May ‘23 - Oct ‘23) has been performed.

All SK data samples have been considered (E> 6 MeV) with different approaches based on the
samples.

Excess Statistical
ALERT DATA :
SK DATA observed? |- analysis (flux
l l TRIGGER l lPROCESSING ]tnifcant?] '[”mitS,Eiso,etC__)]

GCN Time window:
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Follow-up Analysis on GW-04a catalog in Super-K

No excess of events has been observed. Based on the sample flux/fluence have been computed
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Next: GW online follow-up system

The aim of the second project was to realize a real-time follow-up system for gravitational waves
in Super-Kamiokande.

Models of low-energy neutrino emission from BNS events suggest that the emission should persist
for approximately hundreds of seconds following the GW signal.

AUTOMATED
OFFLINE ANALYSIS \|

ONLINE
FOLLOW-UP

FRAMEWO R‘K/\SYSTEM
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Online GW follow-up system in Super-K

* A python-based prototype of the pipeline has been realized and tested for low energy
analysis:
v" A focused study has been performed to define a proper pre-selection on data.

v’ Different time windows have been considered and are currently being tested to determine
the optimal one.

» First results of testing proved the feasibility of performing real-time analysis:

Process Estimated Time

GW Alert Latency up to 10 mins . Considering a
Time Window Cut + Pre-selection 1 min  time window

. L 90 s subr filo . of +-6 s around
(on a 90 s subrun fi e) “ the GW arrival
Reconstruction 40 s | time

Solar selection 0.13s T
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Other projects: Estimating neutrino fluxes from
various astrophysical sources
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Abstract

We estimate the neutrino flux from different kinds of galactic sources and compare it with the recent diffuse
neutrino flux detected by IceCube. We find that the flux from these sources may contribute to ~20% of the
IceCube neutrino flux. Most of the sources selected in this work populate the southern hemisphere, therefore a
detector like KM3NeT could help in resolving the sources out of the observed diffused galactic neutrino flux.
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Abstract

Supernova (SN) 2023ixf in M101 is the closest SN explosion observed in the last decade. Therefore, it is a suitable
test bed to study the role of jets in powering the SN ejecta. With this aim, we explored the idea that high-energy
neutrinos could be produced during the interaction between the jets and the intense radiation field produced in the
SN explosion and eventually be observed by the IceCube neutrino telescope. The lack of detection of such
neutrinos has significantly constrained both the fraction of stellar collapses that produce jets and/or the theoretical
models for neutrino production. Finally, we investigated the possibility of detecting low-energy neutrinos from SN
2023ixf with the Super- and Hyper-Kamiokande experiments, obtaining, in both cases, subthreshold estimates.
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The multi-PMT (mPMT)

The mPMT has several advantages as a photosensor module: e o

* Increased granularity; Bl g boie: AOring 1
e Superior photon counting;
PMT support
 Improved angular acceptance; matrix ——»
 Extension of dynamic range; )
* Intrinsic directional sensitivity; Main board

— BETTER VERTEX RESOLUTION

Backplate

- <«— Support for installation

— in the frame

The Hyper-K group in Naples is the group leader of the mPMT project.
Since 2022 I've been the convener of the photosensors sub-working group for the mPMT,
managing the testing and reqwuirements for the 3” PMTs across the international

laboratories. Assembly @ HK-NA y 4 WCTE@CERN




Future plans

Super-Kamiokande: Hyper-Kamiokande:
* Completion of the full GW-04 follow-up * Development of a similar online follow-up
analysis system for Hyper-K for multi-transients
analysis

* Finalization the online follow-up system for
Super-K * Development of the SN monitor for Hyper-K

* Optimization of the SK pre-SN alarm » Development of pre-SN alarm for Hyper-K

16/01/2025
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Binary Neutron Star (BNS) merger

A Binary Neutron Star (BNS) merger occurs when two neutron
stars in a close orbit eventually collide due to the emission of
gravitational waves. /" gravitationd!

waves

neutron star

o
* BNS mergers are a promising source for multi-messenger / neutron star

astronomy. They are among the primary sources of gravitational
waves.

merger,

gravitationg,

« GW170817 was the first event where gravitational waves, gamma Hiiies

rays, and electromagnetic counterparts were simultaneously % /

observed, marking a breakthrough in the study of neutron star
me I"g ers. tidal dlsruptlon

accretion disk

neutron star

« Several models suggest the emission of both high-energy and | i
low-energy neutrinos. gm\\/,:/aves
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Normalized GW strain

(Ev) [MeV)

Low-energy neutrino emission from BNS
merger

2.5
T |

Low-energy neutrinos (MeVs) are also expected to be emitted during

BNS mergers, mostly from three sites:

1) From matter expanding from the contact interface between the two
stars at merger and soon after it;

| 2) From the merger remnant, before collapse;

- — 0 T 3) From the innermost, hot part of the post-merger accretion

I disc.

Several models have been proposed which implement different
parameters: progenitor masses, EoS, life of remnants...

..But most of them seem to agree on some points:

« All flavors of neutrinos are expected although v, are
characterized by higher luminosity;

st T T T Tt e e A7 « Most of the emission is expected within hundreds of
ol S 1. milliseconds from the GW emission:;
S R S T 1M, « Luminosity reaches a peak > 105 erg/s;
) IR ) ISR N « Energy ranges from ~5 MeV to 30 MeV;
16701/2025 4 A. Langella 12
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https://link.springer.com/article/10.1140/epja/s10050-022-00743-5

Super-Kamiokande triggers

Super-Kamiokande employs multiple software triggers, each designed to target the detection of
neutrinos within specific energy ranges.

Standard SLE trigger has a 4.5 MeV threshold.
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‘ Trigger type Nagy threshold [/us] Event window [ps] Trigger rate [kHz] ‘

SLE 34/31 1.5 [0.5.+1.0] 3.0-1.0
LE 47 40 [-5,435] 80
HE 50 40 [-5.435] 30
SHE 70/58 40 [-5,435] 3
oD 22 (Only OD) 40 [-5.435] 2

Diagram b_:; Y. Hayato
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Wideband Intelligent Trigger (WIT):
Enables real-time processing of the
untriggered raw data stream

—> Efficiency ~100% down to E,;,~2.5 MeV.
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Low-energy events

10

E o 460
15 vee"eo
In the MeV energy range, the two main neutrino interactions in ”: — "0
water Cherenkov detectors are: = +n “
10T " e aun V€
Inverse beta decay (IBD) Electron scattering (IBD) w0k 5
DSNB Selection > Looking for v, Solar Neutrino Selection = Looking for v, -_ T e V€
ve . p p e— 10'5 = oven" .‘-::::::::‘:::::::::.:::::::::‘::::::::l_;;;;;;;;::::‘::‘:’1'11211‘13:”:“'3::”:1:":::::‘:::::::::H:‘m:: =
., ""O 6 [ttt -
proton. A -"CD‘ Ve,X EEEN ’O "
7 Uy ‘llllllllllllIlllJlllllllillllllllI
@ \'Y \ %0 20 30 40 50 60 eutrinZnerd mevi®®
LE neutrino interactions cross section
AO~25° /v/N
1 (10 MeV)

With low energy events produced via IBD, we can’t extract the information about neutrino direction,
while via electron scattering it is possible.

> Separating ES from IBD allows to improve the direction pointing accuracy of the detector,
> In SK-Gd phase we can enhances the tagging of IBD events thanks to the characteristic delayed
coincidence between the IBD’s positron emission and delayed neutron capture

16/01/2025 A. LANGELLA 15



	Diapositiva 1: Neutrino astronomy for multi-messenger studies in Super-Kamiokande and prospects for Hyper-Kamiokande
	Diapositiva 2
	Diapositiva 3: Follow-up Analysis on GW-O4a catalog in Super-K 
	Diapositiva 4: Follow-up Analysis on GW-O4a catalog in Super-K 
	Diapositiva 5: Next: GW online follow-up system
	Diapositiva 6: Online GW follow-up system in Super-K
	Diapositiva 7: Other projects: Estimating neutrino fluxes from various astrophysical sources
	Diapositiva 8: The multi-PMT (mPMT) 
	Diapositiva 9: Future plans
	Diapositiva 10:  spares
	Diapositiva 11: Binary Neutron Star (BNS) merger
	Diapositiva 12: Low-energy neutrino emission from BNS merger 
	Diapositiva 13: Super-Kamiokande triggers
	Diapositiva 14: Classification of events in Super-Kamiokande
	Diapositiva 15: Low-energy events

