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Are there critical aspects in the time, energy

and angular distributions of SN1987A? -

CRIS-MAC 2026



. PHYSICS MOTIVATION & THE
‘ NEW MODEL

SN1987A continues to be a key object of study, as it is the only such
phenomenon observed to date.

In this analysis, we analyze SN1987A data with the help of a new and more
accurate modelling of the neutrino flux [Symmetry 2021, 13(10), 1851] , which
includes parameters describing the physics of the event,

SN1987A viewed by the James
Webb Space Telescope NIRCam.

Two main components: accretion and cooling.

G(Ey,t) = pg(Ey,t) + Pc(Ey, L)

The associated neutrino emission was observed by three experiments: Kamiokande-Ill, IMB and

Baksan. We calculated the differential interaction rate for all the experiments, also taking the
background into account.



OUR ANALYSIS

The first two steps are:

1) Verification of the goodness of fit of the model:
Cramer test

2) Best-fit analysis: Likelihood maximization




NEXT STEPS

¢ Estimating confidence interval and
correlations.

¢ [nvestigate the delay times of experiments.

e Use the model to derive predictions with
uncertainty intervals based on SN1987A.

THANK YOU FOR YOUR ATTENTION

SEE YOU AT POSTER SESSION!

Are there critical’as;;ectsiin'the time, energy
and angular disiributions of SN1 987A?
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Study of SN1987A reveals secrets of the cosmos The new analysis

Arecently proposed madel [Syrrmelry 2021. 13(10). 1851] describes the fime- ond energy-dependent flow of
anti-neutron electrons by including ifs twoe main components: accretion and cooling, The farmer is an inlfial
volume and very bright phase dus ta pasitton-neutron Interactions around the nascent neutron star: the latter s
@ surface emission.

Supemova 1987A (SN1987A) is o fyps || event fhat occuned in 1987 in fhe Large
Wagelianic Cloud, Gt 148,000 light years from Eartt

The associated neuline embsion wos cbserved: thiee experments, Kamiokande-l,
IMB and Baksan, detected a total of 29 events in a fime span of about 30 seconds,
This provided general support for thearefical expectations, which pradict neutrinas
s the main source of energy relense in & core-collapse supemova event

We calculated the diferential inferaction rate for Kamiokande-ll. Baksan and I8, also faking the Background
info account,

SN1987A canfinues fo be @ key object of study. as it is the only such phenomenan Inhis poster, we presant he first two steps of our analysis:

observed fo date.

1} Verification of fhe goodness of fi of fhe model: reference vaiues for fhe paramelers were chosen in
In his onolysis, we onolyse SNIZ67A dafo with the help of @ new ond mare accerdance with the literature and Cramer's g.a.f. fest was performed on fhe data
accurate modsling of the neutrine fux, which inchudes parameters descriing he
physics of the event

SH19874 viewed by

Space Teiescope 2| Best-fit analysis: 10 assass the most likely parameters of our modal and heir ranges, we masimised the
likelihaod funciion. both for the single andby wpetimants.

The Data and the New Model
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Effects of light exposure and temperature
on the quantum efficiency of PMTs for the
KM3NeT Neutrino Telescope

Antonio De Benedittis - on behalf of KM3NeT Collaboration

17/06/2024
F

CRIS-MAC 2020

Sezione di Napoli

: l

KM3NeT




KM3NeT Experiment

2 neutrino telescopes:

e ARCA off the coast of Sicily (Capo Passero) @ ~3.5 km of depth
e ORCA off the coast of France (Toulon) @~2.5 km of depth

ARCA
studies on astrophysical neutrino sources

ORCA
studies on neutrino oscillations and mass ordering




Motivation of the work

e Photomultiplier Tubes (PMT) are extraordinarily
sensitive to low-intensity light

e Quantum Efficiency (QE) is crucial for accurately detecting
photons and discerning the energy, direction, and
characteristics of incident particles

‘ e Very sensitive devices. They can suffer
damage to the photocathode coating

0000006,
0069 90,
e® ®00q

Lo | e Study on the damage threshold and recovery time of Hamamatsu
bialkali SbKCs metal-coated photomultipliers exposed to light and

o e

\ : thermal stress
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Experimental setup

e Newport TLS 260 tunable light source
(300-watt xenon arc lamp)
e Newport 918D-UV-0D3R NIST calibrated

power probe
e Newport 2936 R base for power probe

connection and reading Bl ovomator
e Keithley 6485 picoammeter for measuring '

current

e Parabolic mirror collimator
(RC02FC-Fo1-UV-enhanced from Thorlabs)

e Thermo-electrically cooled silicon o
photo-diode for active stabilization

e LTS300C stages from Thorlabs for o £
controlling Z and X axis e
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Lamp exposure results

Lamp Irradiance = 1.22 W/cm?

23 hours of exposure to the Xe lamp light ¢, =/ .. - " 85.35 mW/cmz2 at J= 555 nm
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Left - Quantum Efficiency evolution as a function of wavelength before and after exposure. Right - Dark Current evolution
as a function of the number of measurements

No permanent damage. Only a temporary decrease in QE, with a maximum reduction of about 60%, is observed in the

wavelength range between 300 and 500 nm
The Dark Current showed alterations, gradually returning to its initial state following a power law
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Thermal exposure results

2 days at 90° C and one day ad 180° C
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Wavelength (nm) Measurements

Left - Quantum Efficiency evolution as a function of wavelength before and after exposure. Right - Dark Current evolution
as a function of the number of measurements

No permanent damage. Only a temporary decrease in QE, with a maximum reduction of about 15%, is observed in the

wavelength range between 300 and 500 nm
The Dark Current showed alterations, gradually returning to its initial state following a power law




Summary

e Several PMTs were subjected to light and thermal stress in order to evaluate their under different
conditions and to identify damage thresholds and recovery times;

e PMTs exposed to light stress were subjected to direct light from a 300-watt Xenon arc lamp for
cycles of different durations;

e PMTs exposed to thermal stress were placed in an oven for cycles of different temperatures and
durations;

e Inboth situations:
o No PMT showed irreversible damage (except in one case -> See poster);
o atemporary decrease in QE was observed;
o Inthese cases as well, the dark current follows an exponential decay law after exposure.
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Combined KM3NeT/ARCA and

ANTARES searches for point-like

neutrino emission

Universita
di Genova
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Combined point-like search

* ANTARES detector switched off in February 2022
after 15 years of data taking.

* This analysis exploits 2007-2022 data.

 KM3NeT collaboration installs next generation of
neutrino detectors in the deep sea.

* The data from about 3 year of KM3NeT/ARCA6-8-19-21 is

used in this analysis.

* KM3NeT/ARCA operates now with 28 lines and the
detector will continue to grow.

———
6 '/‘

— ——
- e =




\\\\\\\\

KM3NeT/ARCA and ANTARES
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Effective Mass 10 Mt 1Gt
Line length 350 m 650 m
Interline distance 70 m 90 m
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OM Vertical spacing 14.5m 36 m L
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ANTARES 4541
KM3NET/ARCA 6 92
KM3NET/ARCA 8 210
KM3NET/ARCA 19 53
KM3NET/ARCA 21 70
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KM3NeT/ARCAS8 (210 days)

KM3NeT/ARCA21 (70 days)

preliminary

preliminary

Iogm(E/GeV)
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® Point search analysis framework

* Data set: detector period with a
particular event selection
(track/showers etc).

* Data sets do not overlap (no
common events).

* For each data set:
* Signal expectation (MC) S,
* Background expectation (MC, data
sampling) B,
* Data/pseudo-experiment N,

log L= ) Nilog(~B;— uS) = (B + uS))

bins

‘MU Signal strength (for a given default flux)
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Signal estimation

FROM
EFFECTIVE
AREA

FROM FROM
ANGULAR ENERGY
RESOLUTION RESOLUTION
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Background estimation

For ANTARES (showers),
KM3NET/ARCA 19 and
KM3NET/ARCA 21

B; =n X F(logE) XG(sind)

€ 6 6 © © ©  ©

For ANTARES (tracks),
KM3NET/ARCA 6 and
KM3NET/ARCA 8

B; = n X KDE(sind, logE)

KM3NeT preliminary

KM3NeT/ARCA 6 (first period)

KM3NeT preliminary A
# ARCAG dat

KM3NeT/ARCA 6 (second period)

+KM3NeT preliminary — xo¢ pe

KM3NeT preliminary
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Sensitivities

* Median Neyman
upper limit for
pseudo-experiments
with no signal.
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Conclusions

* The analysis framework incorporate data from the ANTARES and
KM3NeT/ARCA neutrino telescope.

e Currently, ANTARES contributes most significantly, but combining with
KM3NET/ARCA the performance enhances by 10%.

* The first KM3NeT/ARCA building block (consisting of 115 lines) is expected in
few years. Stay tuned!
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Astrophysical interpretations
of the data measured at the Pierre Auger Observatory

PIERRE
AUGER

OBSERVATORY

Teresa Bister for the Pierre Auger Collaboration
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Ultra-high-energy cosmic ray data and interpretation

energy spectrum | mass composition |
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* can both be well explained by homogeneously distributed extragalactic sources!
* need at least two populations

e can draw conclusions about injection at the source:
* intermediate masses, hard spectrum (unlike shock acceleration expectation)

Teresa Bister | Astrophysical interpretations of Auger data | 2



extensions of model:

hard spectral index could be explained by diffusion

in strong extragalactic magnetic field

including arrival directions in the fit:

 all data well described by contribution from nearby -

starburst galaxies — 4.50 significance!

Arrival directions and magnetic fields

Astrophysical interpretations of the data
measured at the Pierre Auger Observatory

Teresa Bister for the Pierre Auger Collaboration Radboud University :§5} 3 ]
pu4 PIERRE

Radboud University Nijmegen (teresa.bister@ru.nl) NiRkThef AUGER
& Nat aal Instituut voor K enHoge Er ie Fysica (NIKHEF) OBSERVATORY
re Auger Observatory? o

How can we explain the ultra-high-energy cosmic ray data measured at the
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Overview

Energy spectrum and mass composition of cosmic rays from Phase | data measured using the
Pierre Auger Observatory
Vladimir Novotny?® for the Pierre Auger Collaboration®

Institute of Particle and Nuclear Physics, Faculty of Mathematics and Physics, Charles University, Prague, Czech Republic
PIERRE bObservatorio Pierre Auger, Av. San Martin Norte 304
AUGER| .

OBSERVATORY

Co-funded by
the Eu ropean Union MINISTRY OF EDUCATION,

YOUTH AND SPORTS

Abstract

The Pierre Auger Observatory concluded its first phase of data taking after seventeen years of operation. The dataset collected by its surface and fluorescence detectors (FD and SD) provides us with the most precise estimates of the energy
spectrum and mass composition of ultra-high energy cosmic rays yet available. We present measurements of the depth of shower maximum, the main quantity used to derive species of primary particles, determined either from the direct
observation of longitudinal profiles of showers by the FD, or indirectly through the analysis of signals in the SD stations. The energy spectrum of primaries is also determined from both FD and SD measurements, where the former exhibits lower
systematic uncertainty in the energy determination while the latter exploits unprecedentedly large exposure. The data for primaries with energy below 1 EeV are also available thanks to the high-elevation telescopes of FD and the denser array of
SD, making measurements possible down to 6 PeV and 60 PeV, respectively.

Conclusions

In its Phase |, the Pierre Auger Observatory successfully measured, using several techniques, basic characteristics of UHECRs, namely their energy spectrum and the mass composition. The energy spectrum clearly exhibits features colloquially
named the low-energy ankle, the 2" knee, the ankle, the instep and a steep suppression above 47 EeV. The mass composition seems to evolve according to Peters’ cycle, being dominated by protons around 1EeV, followed by helium nuclei
around 10 EeV and the CNO group at about 50 EeV and above. Nevertheless, this inference heavily depends on predictions of high-energy interaction models and will be precised with our knowledge of these interactions.

This work was co-funded by the European Union and supported by the Czech Ministry of Education, Youth and Sports (Project FORTE - CZ.02.01.01/00/22 008/0004632).
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Energy spectrum

Energy spectrum

> At the Pierre Auger Observatory, the spectrum is estimated using six different methods shown in Figs. 1 and 3.
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Figure 1: Energy spectrum of cosmic rays from FD (hybrid, Cherenkov) and SD data.

» Individual estimates are combined, taking into account residual systematic differences between spectra.
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Figure 2: Combined spectrum. Common systematic uncertainty is driven by 14% uncertainty in the energy scale.

» Using the function in Eq. (1), the combined spectrum can be described by following fit values or features.

. 17 (i=g)wis
E o 4 E “lu
J(B) = Jy (T> I+ (—) : j=i+l, m
1016 eV pain By
normalization Jo = (8.34 4 0.04 + 3.40) x 107 km~%sr~lyr—leV !

Y = 3.0940.01 £0.10
Y1 =2.85£0.01 £0.05
Yo = 3.283 £ 0.002 £ 0.10
v3 = 2.54 £ 0.03 £0.05

low-energy ankle Eo = (28 +£0.3+£0.4) x 10'° eV
2M knee Epp = (1.58 £ 0.05 £ 0.2) x 107 eV
ankle Ep3 = (5.040.140.8) x 10" eV
instep E34 =(1.440.140.2) x 10" eV = 3.03£0.05£0.10
suppression = (4740.3£0.6) x 107 eV 7 =53+0340.1

Table 1: Parameters of the best fit of Eq. (1) to the combined spectrum. The first uncertainty is statistical and the
second one systematic. Transition width parameters were fixed to wy; = wiz = 0.25 and w3 = w3y = wys = 0.05.

» Presence of the 2" knee at (2.30 & 0.504,:. £ 0.35gyst.) X 10'7 eV was confirmed by the SD 433 m measurement.
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Figure 3: The 2" knee measured using the SD 433 m array.

> References:
o Aab A et al. (The Pierre Auger Collaboration) 2020 Phys. Rev. D 102(6) 062005
o Novotny V et al. (The Pierre Auger Collaboration) 2021 PoS ICRC2021 324
o Brichetto Orquera G et al. (The Pierre Auger Collaboration) 2023 PoS ICRC2023 398
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Mass composition

Mass composition

» In Phase | of the Observatory measurements, we mostly rely on the depth of shower maximum, X ... » Fractions of primary mass groups are derived by fitting model predictions to full X, distributions in energy bins.
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Machine Learning Applications at the
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Pierre Auger Observatory N
Margita Kubatova* on behalf of the Pierre Auger Collaboration th?(l}{]lz{lE{
*Institute of Physics of the Czech Academy of Sciences OBSERVATORY
Surface detector (SD) Mass Composition [2]
* P e Grid of 1660 water-Cherenkov detectors. The depth of the THAX LU of alr=
° Zigm B T shower profiles, X, ax is estimated with
.« D ' the combination of CNNs and LSTMs.
— Ne.W. ele(.:tronics o Offset of ~ 31 g/cm? between the SD and
— Scinillation detectors (SSD) FD reconstruction due to mismatches be-
. e ML methods use the spatial and tem- tween data and simulation, removed by
V\{g}))& o e o e _ o3 poral information contained in the Calibration Wlth FD data.
CT T fsoom shower footprint that is measured by 100
the SD stations.
— 30km womml ¢ Goal: Mass composition from SD.
O - J 1000
|E uﬁ
S 900- )
CNNs are used to reconstruct the energy of the impinging cosmic ray. — “
-
e Composition bias is reduced when compared to standard techniques. L; 3001
< B 7 N p=-312
“AT, o =334
e N, ’ T 700 SR corr = 0.699
o] YTe—— | samples = 1642
3 . 0.20 - \I S
@) 0.05 4 & Vg g P gt . S . : : . :
“ﬁE% l!.-;::f':"f. 550'15'H! \ ‘ %0800 700 800 900 1000 1100
Lu?g“m o ‘;E!!:::""'; L;gmom §!\§\i!;!!: ' XmaX’SD/gcm_z
o i \ AN R NN N B e - I 2 3
= . — © b W e There is a clear transition from a lighter to
~0.10 1 buc <60° . Bvic < 60° ! heavier composition.
e« NN“~DEC{ p{ He} O} Fe e« NN“~DEC{ p{ He} 01} Fe
e 1.0 18.5 19.0 195 200 o 18.0 18.5 19.0 19.5 20.0 e Indication for 3 breaks in the elongation
IgEmc IgEmc rate close to the energy spectrum features.
log19(£/eV)
_ _ 18.5 19.0 19.5 2Q.0
Using upgraded SD stations [3] 5 FD + o
. . . . . . 8501 ¢ sD (DNN) =+ ostat
Xmax and the number of muons R,, in the air shower are estimated using simulations ~ Loy ~
for the upgraded stations of the SD. 8251 T
e Improvement in resolution (~10% for R, and ~4% for X,,a.x) for WCD + SSD. £ S0 om e
2l T~ g W e ? -
1.1 El'l I e * s X -
< e A —
A proton oxygen ¢ all O proton oxygen ¢ all >5750- - = -
O helium = iron Bﬂ helium = iron ~
= - 725-
Df.:i ><}E l —— EPOS - LHC
=10 - 1.0 T + + 700 == QGSJetll - 04
i ~ . SIBYLL2.3d
SR + I S }_} _____ + '''' + 3 10 30 100
7 -1 + ; BT E | EeV
A h*"‘-._‘ . - _ . .
o 0.9 T ¢ ¢ ¢ ¢ gO.Q o 0(Xmax) shows evolution from mixed to
%; “"*-..,”_ : . purer composition.
- hh""'u.., ><1E log19(E/eV)
© Preliminary '“'*-..,h < 08 Preliminary 18.5 v 10 s
O8I0 30 100 160 3 10 30 100 160 0§ A s e
Egp/EeV Egp/EeV 0 T o FE— SIBYLL2.3d
° Proton_:[ron ROC curves ShOW improvement for WCD_I_SSD‘ c[\] 60J:}:Ffflf‘.:.:.‘.‘:,:.‘.*_‘.::.::.:‘.‘:..'_.-.‘_-.:.-.::.::.:.-_-::.-_-..—_—.-_-.-_-.:_-.-;.-_-..-_—.-_-..-_—.:.-..-_-.
__ — 2501 & - prefimin
1.0 - Preliminary 1.0 1 Prellmlniiy__ — ~ e ‘T
: el | s AR
< ch / ><j§ e = 5 ® ‘%
0.9 0.9 ' =30 —__;ﬁ_
© O e ¢ %; ) {
.z .2 20 ""—-———:- —— s s
= =
S 0.8 0 < 65° S 0.8 0 < 30° 0
a¥ a B E E B E 2 EEE 2o 25 o2 2 s
Q . \ .
507 507_ U3 10 30 100
= —— WCD + SSD (UUB) - — WCD + SSD (UUB) L E | EeV Iy
5 —— WCD (UUB) S — WCD (UUB)
+
R~ Perfect Classifier = Perfect Classifier o
. 05 1] F. Ellwanger. PoS ICRC2023 (2023) 275.
“00 01 02 03 04 05 “00 01 02 03 04 05 9] J. Glombitza. PoS ICRC2023 (2023) 278.
S Proton False Positive Rate Proton False Positive Rate ) (B N Langner. Pos 10RC2023 (2023) 371. y




Status and expected performance
of the Radio Detector of the
Pierre Auger Observatory

Mohit Saharan!?’, on behalf of the Pierre Auger Collaboration®™

1: IMAPP, Radboud University, Nijmegen, the Netherlands; 2: Nikhef, Amsterdam, the Netherlands;
3: Observatorio Pierre Auger, Av. San Martin Norte 304, Malargiie, Argentina

"m.saharan@science.ru.nl, ““spokespersons@auger.org



Status and expected performance of the Radio
Detector of the Pierre Auger Observatory

AugerPrime upgrade RD taking data:

Nowv. 2019 to ~ May 2023

Goal: Improve mass

composition for E > 101> eV

~7 stations
- Improve e/u measurement

Radio Detector 1 In the meantime, ... -

RD:
Pt AN 4/ 4 Tune 2024

o \\J
Scintillator 6> 65
Surface 30-80 MH ;

Detector
0 <~60°

0\

Particle PR AR World’s largest
XXX radio detector

B R oR000 for cosmic rays

detectors



Status and expected performance of the Radio
Detector of the Pierre Auger Observatory

= Absolute calibration: = Expected performance for full array
= Using Galactic radio emission = E> ~ 4 EeV: full efficiency for 8 > 70°
= Relative calibration: Partly done; ongoing * E>10 EeV: 3,000 to 4,000 events (10 years)
= Using drone-mounted radio emitter to * Excellent p/Fe separation
map the antenna response in (6, ¢) = Improve mass-composition studies with

= RD reconstruction: high statistics for E > 10 EeV

= Energy resolution ~ 6% = RD trigger under development:
= Agreement in RD and WCD reconstructed * RD trigger for neutral particles
quantities = Current: only WCD trigger
= Data taking = Development: hybrid WCD/RD trigger

= Reconstructed quantities consistent between * Improved trigger efficiency for photons

data and simulations = RD-triggered events detected in field tests

= We understand the RD detector design well o
More details in the poster!



POEMMA-Balloon with Radio: Mission Overview

Julia Burton for the JEM-EUSO Collaboration
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Mission Overview: POEM MA
BALLOON With

* Planned Super Pressure Balloon Mission
anticipating a 2027 launch from Wanaka, NZ

* Successor Mission of Extreme Universe
Space Observatory 2 (EUSO-SPB2)

* Predecessor to Probe of Extreme Multi-
Messenger Astrophysics (POEMMA)

) PSS o PHYSICS.MINES



Primary Science Objectives

* Make first measurements of UHECR from
above using fluorescence light emission.

* Make measurements of high-altitude
horizontal air-showers (HAHAS) at various
shower development stages.

v Interaction

. . Earth Skimn.l.ing Vi
» Search for Earth-skimming PeV
astrophysical neutrinos.

) hvsics PHYSICS MINES.EDU

COLORADOSCHOOLOFMINES



Payload Description

1) Schmidt Optics telescope with combined focal surface:
* Fluorescence Camera
* Cherenkov Camera

2) Low Frequency Radio Instrument

3) Infrared Camera

4)Gamma-ray/X-ray/Particle Detector

5) Solar Power System

6) Rotation Mechanism:
* a) Elevation: Nadir to +13 degrees above horizontal

* b) Azimuth: 360 degrees

O oo PHYSICS.MINES.EDU

COLORADO



Detectors

Fluorescence Camera Cherenkov Camera LF Radio Instrument Infrared Camera

GammalX-ray/Particle

C\ EOHLYOSRI,SSO MINES PHYSICS.MINES



Machine Learning Studies
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Early Study EAS Reconstruction
from Above using ML

Integrated Photon Count Pixel Mapping
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Photo-hadronic pair creation in magnetospheric current

sheets of accreting black holes

Despina Karavola
National and Kapodistrian University of Athens
PhD Student

Cosmic-Ray International Studies and Multi-messenger Astroparticle
Conference
Trapani

June 2024
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Simple X-Ray Corona Model

espina Karavola

Typical‘\Observational Spectrum
Ve wo e

Accretion disc
Soft X-ray excess
Coronal power-law
AGN intrinsic
Reflection

Dusty torus
Elliptical galaxy
Total SED

Corona Model

Collinson+, 2016

June




Simple X-Ray Corona

Accretion disc
Soft X-ray excess
Coronal power-law
AGN intrinsic

- Reflection

- Dusty torus
Elliptical galaxy
Total SED

Numerical Leptohadronic Code Used:

ATHEVA

TAsbitrary)

B2 Collinson+, 2016

Op = ——>
P 47rnp,co/dmpc2

$ $ $ $ § $ LR I

photons neutrinos

spina Karavola Corona Model



What do we find?
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Despina Karavola

Results
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Lx/Llegg 21072 =
sufficient pair density for
a corona with
7~01-10

Ne, cool X Lf(//i’3 for
optically thin sources to
Thomson scattering

Ne, cool X Lx/F\’2 for
opaque sources to
Thomson scattering

Ly, oc L%/ Legq for
optically thin sources

L, o Lx for opaque
sources




Thank You!
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! Discovering cosmic rays:

a link between education and research
in a high school physics teachers’ course
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