Events

From neutrinos underground to water, ice and space
Teresa Montaruli 28.06.2025
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Defining quantities semi-analytically
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Neutrino astrophysics
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Not convincing: Point Spread Function
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In 1.5° there should be 4-7 events!

Excess disappears when all event direction:
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Likelihood Statistical Method

E(n57/}/7 t07O—T‘X HH

J=l1=1

* Declination bands in
—80° < 6 < 80° where the background is calculated from data

* Sky grid
Adaptlve binning method, with pixel resolution ~0.1°

* Local hot spot
Cluster of pixels around a local minimum in p-val map
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Multi-Flare All-Sky Search

Hottest Spots
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Neutrino cross section

Neutrino beam crosses 20-12700 km in the Earth where it oscillates and interacts

v, — v, disappearance probes high energy (TeV scale) neutrino cross section

Absorption is measured from neutrino spectral changes with zenith

First cross-section measurement for a a flux-weighted sum of v,
and anti-vy in the energy range 103 higher than particle accelerators

https://www.nature.com/articles/nature24459
0.9 and http://arxiv.org/abs/1711.0811

Neutrino

“ Antineutrino
—Weighted combination
—This result

S

e The SM predicts a resonance effect in
the 7, + e~ — W™ process at center of

mass energy: \/; = My, = 80.38 GeV
AccSIerator RN * At the electron rest frame:
ata SN Eg = M},/2m, = 6.32 PeV

¢ Observed one event with most likely
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https://www.nature.com/articles/nature24459
https://www.nature.com/articles/s41586-021-03256-1

Diffuse flux with cascades and muons

Physical Review Letters 125, 121104 (2020)

E2-0,,;[GeVcm~2s71sr1]

electron and tau neutrinos (showers)

https://arxiv.org/abs/2502.19776

- T T 108
Aty heric FI . Total MC
Prompt Upper u:::::': Djr[‘l‘.:oaxll:::]s Astrophysmal Flux 5 A(:tjo v
Conventional (v, + 7,) (zenith-averaged) [1.00x Honda2006] Measurements 1074 e .
. . . o Conventional Atm. v
o Cascades Differential ] o e, —
L i 2 10% e N = Atm. p
vy, Best Fit (E=22) g e, ¢ Data
. M 03] e,
IceCube preliminary s e,
E 102 T “a
= - 16 TeV-2.6 PeV 1 E T
5 1014 b :
4 6 yrs ! W P
4 104 L e
1 ™
L 4 10! . . . L : -
I 1.5
T z ¥

T 5 1.0 {se2%ecceqeccres o..-v.‘gt@*t{ 7.* = H | ———t =

I L f l
3 5 4 5 5 5 6 ; 7 g 0.5 2 03 N4 s I "6 7

0 10 10 10 10 10 10 10 10 10 10 10

Neutrino Energy [GeV]

7 tau neutrinos

Reco Energy [GeV]

— +0.37
Dastro = 1.907 45

_ +0.20
Yastro = 2'1470,22

srl)
=
aal

S

2

—
%

D, [GeV em
aul

2
v

I

1079 o

Northern Tracks: SPL+cutoff

Northern Tracks: Piecewise PL (68%)
This work: SPL

= This work: SPL+cutoff

+

This work: Piecewise PL (68%)

Ecutot/PeV = 1.831532.

ey
10*

T ARAL! o
109 107 10°

E, [GeV]

RALL
10

3.5

3.0

1.5

-

This work

9.5-year Northern Tracks
7.5-year HESE

6-year Cascades

5-year Inelasticity
10.5-year ESTES

3.2
Yastro




Synchrotron Self-Compton (SSC): seed photons for IC scattering are synchrotron photons
produced by nonthermal electron—positron pairs accelerated in the jet.

Emission or external inverse-Compton (EIC) : the seeds for Compton scattering are
provided by external radiation fields, such as scattered accretion disk radiation, broadline/

Blazars:

dust emission, and soft radiation from the sheath region of a structured jet.

radio-loud (RL) AGN

radio-quiet (RQ) AGN

low power

\\
<
Seyfert 1\? ye
L

Blazar

BL Lac

FSRQ

high power

dusty absorber
ccretion disc
electron plasma
\ black hole
broad line region
narrow line region

TXS 0506+056

IceCube (ApJ 2016) set an upper limit
of about 30% (50%) to the blazar

contribution to the diffuse v flux
between 10 TeV- PeV which
nonetheless assumes all blazars
produce similar power law spectra with
spectral index -2.5 (-2.2).

Assuming that all sources in a class
are identical ignores the role of host
environments and different
characteristics of accelerators.



https://arxiv.org/abs/1611.03874

IC170922A and TXS 0506+056

IceCube sent an alert including the direction of a muon neutrino event of ~3 x 1014 eV in only 43 s. Shortly after, Fermi (20 MeV-300 GeV)
discovered a blazar, TXS 0506+056 at 0.06° distance from the lceCube event in a flaring state (ATel#10791). In a follow up from 1.3-40 d,
MAGIC detected gamma rays of > 300 GeV energy from the source with >6.20 (ATel#10817, MAGIC 2018). The probability that this is not a
casual coincidence is 30 post-trial. IceCube found a 2nd flare from the source in 2014-15 with higher significance of 3.5¢ post-trial.

Variability up to x6 in 1 d. Among the top 3% most intense blazars in Fermi catalogue. z= 0.336.

original GCN Notice Fri 22 Sep 17 20:55:13 UT
refined best-fit direction IC170922A
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https://arxiv.org/pdf/1807.04300.pdf
https://www.science.org/doi/10.1126/science.aat2890

The first SED with hadronic guesses: TXS 0506+056
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The UHECR- Neutrino - Gamma Diffuse fluxes

HESE: IceCube, PRD 104 (2021)

Tracks: IceCube Coll. ApJ 928 (2022) 50 Most probably opaque sources exist
Glashow resonance Nature 2021

IceCube v EHE limit (2019) -  Fermi gamma-ray (2014) IceCube v Glashow (2021)
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.104.022002
https://www.nature.com/articles/s41586-021-03256-1
https://r.search.yahoo.com/_ylt=AwrLDpr5tlRm0GM4o2pnXQx.;_ylu=Y29sbwMEcG9zAzEEdnRpZAMEc2VjA3Ny/RV=2/RE=1716856698/RO=10/RU=https://arxiv.org/pdf/2310.12840.pdf/RK=2/RS=BFNk44nzicDg1Ci.oYlMFlxrJGM-

The first standalone neutrino source NGC 1068

First image of NGC 1068 in neutrinos
(IceCube PRL 124 (2020))
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https://arxiv.org/abs/1910.08488

Gamma-Ray Bursts

+ Constraints on single-zone fireball model parameters. &, < 10: GRBs unlikely sources of UHECRs

* Magnetic-dominated ejecta may produce neutrinos of much lower energy GeV (synchrotron

cooling time t B_QEI._1 < muon and pion decay t; « E))

102.
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Prompt, y=2
All GRBs

Otops =0.1s
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For the afterglow phase, we focus in particular on GRBs with X-ray
flares and plateaus.

In a single-zone model, different messengers are produced
jointly in many similar shocks

¢ Neutrino emission is correlated to the amount CRs in the
fireball

Prompt, y=1
GRBs with redshift

* Amount of CRs is parametrised by the baryon loading
factor:

14

5,,=E

¥, S0
+ &, > 10 required for GRBs to explain the observed ultra-
high-energy CR flux

Neutrinos can be used to study the possibility that GRBs
are the sources of UHECRs




The multi-messenger galactic plane

Breuh t al , 2022; Ahlers et al, 201
euhaus et al, 2022; Ahlers et al. 2016 Neutrino limits touch KRA models of diffuse galactic

The CompOSition iS relevant to Ca|CU|ate neutrino and emission from CRs interacting on ISM (Gaero et al
gamma-ray spectra 2015, 2017). IceCube > 20 TeV diffuse muon flux and >
100 TeV diffuse flux contributes < 10% to it. Finding

significant contributions from the Galactic Plane requires
lowering the threshold in v energy.

CEININEREVS Neutrinos

y Gamma Ray
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Tibet AS+MD data at 100 TeV do not favour pure Fe models.
Model A and Model B account for the disagreement of CREAM and NUCLEON on p
and He fluxes and NUCLEON is in better agreement with gamma-ray data. Science 380 (2023) 1338

Mixed indicates 50% H, 50% O - ISM
Solid and dashed lines are with and wo absorption of gammas


https://arxiv.org/pdf/1504.00227.pdf
https://arxiv.org/pdf/1504.00227.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.031101
https://inspirehep.net/literature/2009091
https://inspirehep.net/literature/1369952

erzina onboard NUSES "

Above the limb: Just Cherenkov emission of cascades produced by HE cosmic rays
(> 100 PeV) impinging the atmosphere from above the Earth’s limb.
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Terzina telescope

LEO at 550 km (BoL) on the day-night border.

Flight could be as early as fall 2026

Lifetime 3y
Altitude

(Bol) 550 km
Altitude

(Eol) 535 km

Eccentricity | <1073
Inclination | 97.8 deg
LTAN 18:00:00

Pointing | <0.1 deg

Focal Plane

Y
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Electronic
Boxes
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Optical
Bench

Full simulation based on G4




Cherenkov signa

1el8 Weighted Cherenkov spectrum
3.0 == = Cherenkov neutrinos; Emergence angle = 5°
Cherenkov neutrinos; Emergence angle = 0.1°
~ = Cherenkov neutrinos; Emergence angle = 2.5°
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SiPM Information:
° Size: 2.3 mm x 2.7 mm

FoV = atan(ry,,,

DCR ~ 100 kHz / mm?
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PDE @ 450 nm ~ 50 %
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Energy (eV)

1 ev/year Terzina sees from 5x1016 (50 PeV in the most optimistic background of 100 kHz
(which means the plot is optimistic as | hardly think HT can be 5 p.e.)



DCR (Hz)

Effect of SiPM radiation damage

T

Radiation damage to the SiPM increases:

s 8 e e DCR,
Y 2 DN e power consumption,
e energy threshold.
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Annealing as a mitigation strategy:

T

e heating above 50° C for 84 hours,
e followed by gradual cooling,
e every 3 to 6 months.

TTTTT]
-

Accepted by JCAP https://arxiv.org/html|/2503.00532v3

Measurements in a climate chamber show

Timeline (year)
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e that up to 40% of the response recovered.
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CERN PUBLIC SCIENCE
EVENTS — GATEWAY

CAMPUS

Come to these venues!

STELLAR

A voyage across the Universe
with Nobel Laureates and Astronauts

On the 56" anniversary of the first
moon landing, reach for the Stars
at CERN's summer science festival,
blending inspiring talks, hands-on
activities, and live music for all ages.

Starring:

B. Barish

T. Kajita

M. Maurer
M. Mayor

P. Nespoli

L. Parmitano
S.Ting

F. Gianotti, CERN DG

And more..

Registration
Recommended

https://indico.cern.ch

English / Francais

Free of charge,
registration
(limited seat|

14-24 Jul 2025 a
CICG - International Conference Centre - Geneva, Switzerland
Europe/Zurich timezone

Beware of SCAM e-mails from g t.com / ice.com / i ices.com

Overview Itis a great pleasure to welcome you to the 39th International Cosmic Ray Conference (ICRC

Committees 2025) in Geneva, Switzerland.

The ICRC conferences are held biennially since 1947 by the Commission C4 (Astroparticle Physics) of the
International Union of Pure and Applied Physics (IUPAP*). The main topics are Cosmic Ray Physics, High Energy
Awards & prizes and Gamma-Ray Astrophysics, Neutrino Astrophysics, Dark Matter, Solar and Heliospheric Physics, Multi-messenger
and Gravitational Wave Astronomy.

Important dates

Venue




