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The nature of neutrino masses is one of the biggest problems in particle physics.

= 10
S i
= 10° [
- - Cosmological v
510 |
" 102 | Solar v
‘T‘E i Supernova burst (1987A)
L10®% /\
s B Reactor anti-v
— . )
E 104 i ' /
1 F Background from old supernovae
104 r
108 F Terrestrial anti-v
10-12 : Atmospheric v
-16 L _
107 I v from AGN
10—20 -
al Cosmogenic
‘IO 24 - Vv
10-26} U.F Katz & Ch. Spiering, Prog. Nucl. Part. Phys. 67 651 (2012)
10° 10° 1 10° 10° 107 107 1072 10'8

ueV. meV eV keV MeV GeV TeV PeV EeV
Neutrino energy

Carlos A. Arguelles — IPA, Oct., 2026



The nature of neutrino masses is one of the biggest problems in particle physics.

" Cosmological VvV Image of the Sun in neutrinos Super-Kamiokande (1998)

\ Solar v
| s Supernova burst (1987A)

V108 F /\
Reactor anti-v
JV /

Background from old supernovae

108 F Terrestrial anti-v

10-12} Atmospheric v

107°F v from AGN

1 0—20 -

Cosmaogenic

10%1F 5

1028} U.F. Katz & Ch. Spiering, Prog. Nucl. Part. Phys. 67 651 (2012)

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L 1

~20 degrees

—

10° 10° 1 10° 10° 10° 10* 10% 10
ueV. meV eV keV MeV GeV TeV PeV EeV
Neutrino energy

Carlos A. Arguelles — IPA, Oct., 2026



The nature of neutrino masses is one of the biggest problems in particle physics.

- Cosmological v

Image of the Sun in neutrinos Super-Kamiokande (1998)

| s Supernova burst (1987A)

V108 F /\
Reactor anti-v
JV /

Background from old supernovae

108 F Terrestrial anti-v

10-12} Atmospheric v

107°F v from AGN

1 0—20 -

Cosmaogenic

10%1F 5

1028} U.F. Katz & Ch. Spiering, Prog. Nucl. Part. Phys. 67 651 (2012)

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L 1

~20 degrees

—

10° 10° 1 10° 10° 10° 10* 10% 10
ueV. meV eV keV MeV GeV TeV PeV EeV
Neutrino energy

Carlos A. Arguelles — IPA, Oct., 2026



The nature of neutrino masses is one of the biggest problems in particle physics.

- Cosmological v

Image of the Sun in neutrinos Super-Kamiokande (1998)

| s Supernova burst (1987A)

V108 F /\
Reactor anti-v
JV /

Background from old supernovae

108 F Terrestrial anti-v

10-12} Atmospheric v

107°F v from AGN
10—20 -

10°#F
1028} U.F. Katz & Ch. Spiering, Prog. Nucl. Part. Phys. 67 651 (2012)

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L 1

~20 degrees

—

\Y

10° 10° 1 10° 10° 10° 10* 10% 10
ueV. meV eV keV MeV GeV TeV PeV EeV
Neutrino energy

Carlos A. Arguelles — IPA, Oct., 2026



The nature of neutrino masses is one of the biggest problems in particle physics.

- Cosmological v

Image of the Sun in neutrinos Super-Kamiokande (1998)

| s Supernova burst (1987A)

V108 F /\
Reactor anti-v
JV /

Background from old supernovae

108 F Terrestrial anti-v

10-12} Atmospheric v

107°F v from AGN

1 0—20 -

Cosmaogenic

10%1F 5

1028} U.F. Katz & Ch. Spiering, Prog. Nucl. Part. Phys. 67 651 (2012)

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L 1

~20 degrees

—

10° 10° 1 10° 10° 10° 10* 10% 10
ueV. meV eV keV MeV GeV TeV PeV EeV
Neutrino energy

Carlos A. Arguelles — IPA, Oct., 2026



Outline for the rest of this talk

Neutrino Physics at Ultra-long Baselines
Neutrino Flavor at Very-High Energies
Neutrino Cosmography
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Next-generation Frontier
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Neutrino Physics At Ultra-long Baselines
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What is the origin of neutrino mass?
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What is the origin of neutrino mass?

Arkani-Hamed et al, 2007

Ooguri & Vafa, 2017

Hamada & Shiu, 2017

Gonzalo, Ibafez, Valenzuela, 2021
Vafa, 2024
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Neutrinoless
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What is the origin of neutrino mass?

Neutrinoless
double beta decay

If exactly Dirac: combine measurements
from Cosmology or direct neutrino mass
measurements and neutrinoless double
beta decay.

Arkani-Hamed et al, 2007

Ooguri & Vafa, 2017

Hamada & Shiu, 2017
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What is the origin of neutrino mass?

Neutrinoless
double beta decay

If exactly Dirac: combine measurements
from Cosmology or direct neutrino mass
measurements and neutrinoless double

beta decay.
Arkani-Hamed et al, 2007 If Quasi-Dirac: ultra long-baseline Neutrino
Ooguri & Vafa, 2017 neutrino oscillation measurements
Hamada & Shiu, 2017 telescopes!

Gonzalo, Ibanez, Valenzuela, 2021
Vafa, 2024 Carlos A. Arguelles — IPA, Oct., 2026




Theory of neutrino masses

Beacom et al, 2003 (arXiv:hep-ph/0307151
Shoemaker & Murase, 2015 (arXiv:1512.07228)
Esmaili, 2012

ngass — mD]VRI/L + mDI/fNRC —+ mRNIgNR + h.C.

J. W. Valle Phys.Rev.D 28 (1983) 540

Dirac See Saw Scenario: Z. K. Silagadze, Phys. Atom. Nucl. 60, 272 (1997); A. S. Joshipura, S. Mohanty, and S. Pakvasa Phys. Rev. D 89, 033003 (2014); P.-H.
Gu and H.-J. He JCAP 12, 010; E. Ma and R. Srivastava Phys. Lett. B 741, 217 (2015); J. W. F. Valle and C. A. Vaquera-Araujo Phys. Lett. B 755, 363 (2016); S.
Centelles Chuli’a, R. Srivastava, and J. W. F. Valle Phys. Rev. D 98, 035009 (2018); Z. G. Berezhiani and R. N. Mohapatra, Phys. Rev. D 52, 6607 (1995), ...
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Theory of neutrino masses

Beacom et al, 2003 (arXiv:hep-ph/0307151
Shoemaker & Murase, 2015 (arXiv:1512.07228)
Esmaili, 2012

ngass — mD]TRI/L + mDUfNRC —+ mRngNR + h.C.

Expected to be the
dominant contribution if

0, Mp,
My |(Mp

M =

Lepton-number breaking
term.

J. W. Valle Phys.Rev.D 28 (1983) 540
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Theory of neutrino masses

Beacom et al, 2003 (arXiv:hep-ph/0307151
Shoemaker & Murase, 2015 (arXiv:1512.07228)
Esmaili, 2012

zgmaSS — mD]VRI/L + mDI/fNRC —+ mRngNR + h.C.

Expected to be the
dominant contribution if

O @ neutrinos are Dirac-like
| o :-D Ry
Dirac neutrinos: M, =0 epton-number breaking

: term.
See-saw scenario: My, > M,

Quasi-Dirac scenario: M, < M,

J. W. Valle Phys.Rev.D 28 (1983) 540
Dirac See Saw Scenario: Z. K. Silagadze, Phys. Atom. Nucl. 60, 272 (1997); A. S. Joshipura, S. Mohanty, and S. Pakvasa Phys. Rev. D 89, 033003 (2014); P.-H.
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Neutrino hyper-fine mass structure

Hypertfine splitting:

: 5mj2 ~ 1072 = 10~ 2eV?

Ams;,

N 2 Oscillations from active to
T vy sterile neutrinos
2
A, n active sterile
, g vF) = I
sm2 Vi

J. W. Valle Phys.Rev.D 28 (1983) 540

Dirac See Saw Scenario: Z. K. Silagadze, Phys. Atom. Nucl. 60, 272 (1997); A. S. Joshipura, S. Mohanty, and S. Pakvasa Phys. Rev. D 89, 033003 (2014); P.-H.
Gu and H.-J. He JCAP 12, 010; E. Ma and R. Srivastava Phys. Lett. B 741, 217 (2015); J. W. F. Valle and C. A. Vaquera-Araujo Phys. Lett. B 755, 363 (2016); S.
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Oscillations observable In spectra of sources
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Carloni, Martinez-Soler, CA, Babu, Bhupal Dev Phys.Rev.D 109 (2024) L051702
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Neutrino emission in our galaxy

Cosmic-Rays Hydrogen Gas Neutrinos
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Effect of oscillations in galactic neutrino distributions
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Observable distributions of galactic neutrino oscillations

¢10TeV [Tev —2 S—l SI'_l]
10— 14 10— 13 10—12

like

Oangle — 10°
Olog E — 0.1

—180 —120 —060 0 60 120 180 ' ack-like
a :

Oangle = 0.1°
UlogE = 0.3
10Y 10} 102 10°
Erec° [TeV]

1080 6 M. MacDonald, K. Carloni, CA, |. Martinez-Soler, R. Alves Batista .
J (arXivi2512.10744) Carlos A. Arguelles — IPA, Oct., 2026

14



Observable distributions of galactic neutrino oscillations
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Given that the oscillation length is comparable to the source size, oscillation sensitivity is suppressed.
On going IlceCube analysis, expected to have ~ 2 sigma sensitivity.

M. MacDonald, K. Carloni, CA, |. Martinez-Soler, R. Alves Batista .




What about the all-sky, unassociated neutrinos?
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source density p(z) [a.u.]

Astrophysical neutrino cosmic distribution

source distribution spectral index
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See Capel et al. Phys. Rev. D 101, 123017 (2020)
K. M. Groth and M. Ahlers Phys. Rev. D 111, 103052 (2025) for source distribution inference

K. Carloni, J. Porto, CA, B. Dev, S. Jana (arXiv:2503.19960, Phys.Rev.D 113 (2026) 11, 115004)
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Astrophysical neutrino cosmic distribution

source distribution spectral index
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Astrophysical neutrino cosmic distribution

source distribution

spectral index
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Fit to the all-sky neutrino data

CombinedFit (2025)
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K. Carloni, J. Porto, CA, B. Dev, S. Jana (arXiv:2503.19960, Phys.Rev.D 113 (2026) 11, 115004)
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TS — TS[BPL, null]

New Constraints on Hyper-fine Splittings

CombinedFit (2025)
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TS — TS[BPL, null]
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New Constraints on Hyper-fine Splittings

CombinedFit (2025)
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Oscillations are very fast: we measure flavor averages at Earth
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After Flavor Oscillations: Where

Would different sources end up?

0.0,1.0

0:1:0) muon-damped

(1:

(1:0 0) neutron

(

(0:0:1) exotic tau

@
©
O
Measuring a flavor 6
composition outside of

these regions points to
new physics!

Ce

0.0 02 04 0.0 0.8 1.0 CA, T. Katori, J. Salvado

(Phys. Rev. Lett. 115, 161303)

See also Bustamante et al. PRL 115, 161302 (2015); Rasmussen et al. 1707.07684; Palomares-Ruiz 1411.2998; Palladino et al 1502.02923; Bustamante et al
1610.02096; Brdar et al. 1611.04598; Farzan & Palomares-Ruiz 1810.00892; CA et al. 1909.05341; Learned & Pakvasa hep-ph/9405296 ..
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Tau neutrinos are dominantly
produced through oscillations

Instrumented volume

Tau neutrino measurements important to
test oscillation physics

|dentification by observing displaced vertecies

E
L~ 50m
(PeV )

Carlos A. Arguelles — IPA, Oct., 2026
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Key observation in IlceCube: tau neutrinos

== Single, no brights == Double, no brights = Double, with brights = Exp. Data
Total deposited energy ~ 90 TeV. Jf 7 7 T 1] AN T T _____ bright DOM
First “bang” in time (shower) g
Second “bang” in time (tau decay) al
C
C
W+

lceCube, Eur. Phys. J. C 82, 1031 (2022); see also IceCube Phys.Rev.Lett. 132 (2024) 15, 151001
Carlos A. Arguelles — IPA, Oct., 2026
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Search Low-Energy Effects of
Quantum Gravity via Flavor
Morphing

As neutrinos travel from
their far away source
they can interact with
fields in space.

Example: spontaneous
L orentz violation.

Effects expected at the
Planck Scale.

Space-time effects

J. Ellis et al arXiv:1807.051550
K. Wang et al. arXiv:2009.05201
Zhang & Ma arXiv:1406.4568




Flavor triangle trajectories In the presence of new physics

Introduc;e effective operators with CY T 0o [ —— ]
given flavor structure © @EL=1 N

O—O0
00 01 02 03 04 05 06 07 08 09 1.0

(1:2:0) plon ( e
(0:1:0) neutron — &0, =4 () ::)( )S
(1:0:0) muon-damped Cnaetve | o

Physics (N.P.)
See also IceCube Physical Review Letters 137 (2026),
for improved lower energy flavor measurements from
lceCube. Carlos A. Arguelles — IPA, Oct., 2026

N mmm 68% C.L.
0.7 == 95% C.L.

1.0

o(6)
Cup (0512 0)5 o &% (1/3:2/3: 0),

\. J

lceCube collaboration Nature Physics (2022) arXiv:2111.04654
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Planck-scale sensitivity with astrophysical neutrino flavor

* \\"“ — o0}
:

I
I
I
I
| Dimension-six operator scale
: constraint beyond Planck scale
for some operators.

10765 0.0 0. 0.6 0.8 1.0
//t x, source flavour ratio (r: 1 —z :0)g e
| New Physics (N.P.) ) ( Key ) <
e R(&) e Re( 1) Horizontal axis represents

OO\ Re(g(ﬁ)) atm. limit (90%)

e R, Re(é,,,) astrophysical uncertainty on the

initial electron to muon ratio.

o(6)
E— logm( X E 1) = (

s Re(C,)) s Re(C))
g J

lceCube collaboration Nature Physics (2022) arXiv:2111.04654
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Neutrino Cosmography
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What is the physics that is opened up by seeing a constellation of
neutrino sources?

Carlos A. Arguelles — IPA, Oct., 2026
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What is the physics that is opened up by seeing a constellation of
neutrino sources?

°
SClence Current Issue First release papers Archive About v <Submit manuscr

HOME > SCIENCE > VOL.378,N0O.6619 > EVIDENCE FOR NEUTRINO EMISSION FROM THE NEARBY ACTIVE GALAXY NGC 1068

@  RESEARCH ARTICLE = NEUTRINO ASTROPHYSICS f ¥V in © & X

Evidence for neutrino emission from the nearby active

galaxy NGC 1068
—log (plocal)
[ Signal 1 Total
[ 1 Background ¢ Data
0.6 B
80 1]
0.4 |
20
=, 60 4 L,
~ 02 P
S = _t | -Ll..LLI - ‘i* ‘
= > i T
£ 00 m 40 ! +
E
0.2 20 -_I_I_|_|-
_04 T T *
41.2 41.0 40.8 40.6 40.4 40.2 0 1 2 3 4
Right Ascension [deg] 2 [deg?]

Carlos A. Arguelles — IPA, Oct., 2026

30



What is the physics that is opened up by seeing a constellation of
neutrino sources?

Science Current Issue First release papers Archive About v <Submit manuscr
HOME > SCIENCE »>» VOL.378,NO0O. 6619 > EVIDENCE FOR NEUTRINO EMISSION FROM THE NEARBY ACTIVE GALAXY NGC 1068 Correlatlon Wlth pOpL'”atlon Of X_ray brlght Seyfert GaIaXIeS
a RESEARCH ARTICLE = NEUTRINO ASTROPHYSICS f Y in é R X 10_7
Evidence for neutrino emission from the nearby active Diffuse Astro. v
-/ .1 NGC 1068
galaxy NGC 1068  10-° -
clé” I NGC 7469
—10g,0(Plocal) g I CGCG 420-015
[ Signal 1 Total > —11 _
[ 1 Background ¢ Data ﬁ 10 NGC 4151
0.6 = Q
80 1] < 10718 - é é
0.4 | C\Erq 5 :
= s
g 0 60 4 L, z
g 2 _t*‘*h 4-+_L+. ‘,.L*._.‘ 1071° - | | . .
+ = i | ¥
;56 0.0 = 4 f ! + 102 10° 10* 10° 10° 107
. 0.2 20 -_I_I— E, [GeV]
—0.4 T T e p—
412 41.0 40.8 40.6 40.4 40.2 0 1 2 3 4 lceCube Coll., Murase, Kimura & Meszaros, Phys. Rev. Lett. 125 (2020);
Right Ascension [deg] )? [deg?] Astrophys.d. 988 (2025)  Kheirandish, Murase & Kimura, Astrophys.dJ. 922 (2021)
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Measurement of the Hubble Parameter With Neutrinos

Observed sources by lceCube show correlation between neutrino and X-ray luminosities

L, = KL§

Herrera, Kamp, CA, arXiv:2608.00923 Carlos A. Arguelles — IPA, Oct., 2026
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Measurement of the Hubble Parameter With Neutrinos

Observed sources by lceCube show correlation between neutrino and X-ray luminosities

— TP P 2(f—1)
L,=«xL, ==y F xF.d

Gonzalo Herrera Nicholas Kamp

Herrera, Kamp, CA, arXiv:2608.00923 Carlos A. Arguelles — IPA, Oct., 2026



Measurement of the Hubble Parameter With Neutrinos

Observed sources by lceCube show correlation between neutrino and X-ray luminosities

— TP P 2(f—1)
L,=«xL, w==p F xF.d

U

UNO
Standarize

Neutrino and X-ray
luminosities trace the same
disk corona

Stecker, Done et al, 91’

Murase, Kimura et al, 20’ .
Kheirandish et al.,21’ Gonzalo Herrera Nicholas

g 3 =
f Ry SN - ENER IR
-
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Measurement of the Hubble Parameter With Neutrinos

Observed sources by lceCube show correlation between neutrino and X-ray luminosities
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Measurement of the Hubble Parameter With Neutrinos

Observed sources by lceCube show correlation between neutrino and X-ray luminosities
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L, [erg s~!]

1045

A first measurement of /1, with neutrinos

First measurement using Northern-sky sources and existing data. Large errors.

| 68% posterior band
- — 3=10.67
3* NGC 1068 (Cepheid+TRGB)

1. NGC 3079 :
2. NGC 4151 ]
3. NGC 1194 |
4. NGC 7469 7
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6. NGC 4992 1

7. CGCG 420-015
9. LEDA 166445
10. Mrk 14981
11. Cygnus A

Ly [erg s™]

Herrera, Kamp, CA, arXiv:2608.00923
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A first measurement of /1, with neutrinos

First measurement using Northern-sky sources and existing data. Large errors.
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A first measurement of /1, with neutrinos

First measurement using Northern-sky sources and existing data. Large errors.
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A slightly improved measurement of /{, with neutrinos

Inclusion of recent southern Seyferts and additional geometrical anchors improves precision.

1.0 - Planck (67.4) 2026 (all-sky data): Ho =667}
/ \ SHOES (73.0) —— 2030: Hy =66*1;
= | ® : T 0.8-
/ a ANGC 4151 \ N
0 N =
+30 =
- ° = (. 0 6 -
.9 NGC 7469 ® o
= w A o  NGC 1068 =
g 24h e I O . PSS X S— Oh y
: £ 0.4-
- ® = Ve
o 2
—30° o O 3
® @
NGC 5643* %g 02
® NGC 4945 —— KM3NeT-ARCA @ northern Seyferts
. Baikal-GVD @ southern Seyferts
------- IceCube Sﬁ? geometric anchors
. . 0.0 l l l l l
Right Ascension 0 25 50 75 100 125 150

Hy [km s ' Mpc ']
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A slightly improved measurement of /{, with neutrinos

Inclusion of recent southern Seyferts and additional geometrical anchors improves precision.

2026 3=0.72"21% (all-sky dat
) e 2““6 (@ fs y data) ? 1.0 - Planck (67.4) —— 2026 (all-sky data): Ho = 66"
. N03(Zh@ TQO.S7 ?:(2.04 (forecast) SHOES (73.0) 2030: Ho = 661
orth: eyferts
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|
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Forecast assumes lceCube, KM3NeT, and Baikal as a network of neutrino telescopes
and improved X-ray measurements

Zhelnin, Herrera, Kamp, CA arXiv:2610.12577 Carlos A. Arguelles — IPA, Oct., 2026



Potential to measure other cosmological parameters

If other high-redshift objects end up been correlated with neutrinos, such as “Little red dots,” then
this opens up the possibility of enhanced neutrino cosmography.

Zhelnin, Herrera, Kamp, CA arXiv:2610.12577 Carlos A. Arguelles — IPA, Oct., 2026 Kuze, loka, Murase, Kimura, Inayoshi (2026) 34



Potential to measure other cosmological parameters

If other high-redshift objects end up been correlated with neutrinos, such as “Little red dots,” then
this opens up the possibility of enhanced neutrino cosmography.

Optimistic, forecast assumes 30%
of the diffuse flux is LRDs

composed of O(100) detected
Sources.

Also assumes lceCube, KM3NeT,

CMB (Planck PR4 + ACT lensing) and Balkal aS a netWOrk Of T D e T
DESI DR2 BAO .
Pantheon  SNe neutrino telescopes. Pavel Zhelnin
—2.01 mmm Combined: CMB + DESI + Pantheon+
B Neutrinos: LRDs + Seyferts (2030 network)
0.10 0.5 020 025 030 035 040 045  0.50
Qo

Zhelnin, Herrera, Kamp, CA arXiv:2610.12577 Carlos A. Arguelles — IPA, Oct., 2026 Kuze, loka, Murase, Kimura, Inayoshi (2026) 34



Next-generation Frontier

Carlos A. Arguelles — IPA, Oct., 2026
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KM3-230213A Within the Global Landscape

107 -
1 Upper limits
0 KM3NeT
'; mfem KM3-230213A E~2 fit
i maf== |Oint E~2 fit (this work)
7 Joint BPL fit (this work)
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W. Thompson, C. Argielles to appear, art by J. Pairin
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Next-generation proposals flavor sensitivites
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UHE Neutrinos W

Il Provide Strongest Test of LV
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Take-home message

“*Astrophysical neutrinos could give us evidence for Dirac-like neutrinos.

“*High-energy neutrino flavor constraints are an important test of Lorentz
symmetry.

A population of neutrino sources can measure the Hubble constant
and other cosmological parameters.

“Ultra-high-energy flavor measurements are expected to be the
“ultimate” test of Lorentz symmetry.

“*Many neutrino telescopes are underway: lceCube, KM3NeT, TAMBO,
and many others!

Carlos A. Arguelles — IPA, Oct., 2026
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Bonus slides
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' Combined

— 68% CL
------ 95% CL

- In-ice radio 0.0
' Earth-skimming

1.0

CA, V. Brdar, S. R. Mir (to appear)

Carlos A. Arguelles — IPA, Oct., 2026

43



« AIR SHOWER:

3 -10 KM LENGTH
200 M DIAMETER

L CHARGED-CURRENT
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ROCK AIR SHOWER —
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DEEP VALLEY

TAU AIR-SHOWER MOUNTAIN-BASED OBSERVATORY (TAMBO)
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CEERS 14448 NGDEEP 4321 PRIMER-COS 10539

z=4.75 z=8.92 z=7.48

CEERS 20320 JADES 9186 PRIMER-UDS 17818
Z=oNe 1 z=4.99 z=6.40

“Little red dots” discovered by JWST in 2024, 5 <z <10

Next-generation proposal in context

Kuze et al. Phys.Rev.D 113 (2026) 083048
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TAMBO Rates Under Different Models
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THE TAMBO COLLABORATION
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Cosmic ray energy range for TAMBITO/TAMBO
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New Opportunities for cosmic-ray physics

Not just a rotation! For flat arrays, the amount of matter traversed is decided by the zenith angle.
For an inclined array, these decouple.

(a) sloped array, vertical showers (b) flat array, inclined showers

-

Ay yjpdep Surseaour

AX =0

same slant depth,
any core position

Ah~1km = AX =~ 100g/cm?

horizontal lines: iso-depth layers of the stratified atmosphere (Xy = const)

Carlos A. Arguelles — IPA, Oct., 2026 49
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New Opportunities for cosmic-ray physics

No. charged particles & photons

 TAMB(IT)O can study the 5 i
knee-2nd knee region of the . o
cosmic ray spectrum g s

» The inclined array may provide 5.
new ways of testing =
longitudinal shower =g
development and probing mass of
composition

e Studies in progress!

Carlos A. Arguelles — IPA, Oct., 2026
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The IceCube Upgrade

Phase 1: Installed 5 new functioning strings in
the ice. Completed December 2026.

|ICECUBE - —100m—
UPGRADE e \\’ m
/ IceCube Laboratory .~ Top View . m
e e e . _ — - AQ
= - = ..#ﬂ__%: ....... - _ ® PS
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1450 m [ K —‘

Upgrade

350 m

I"'
I',
'l
'l
I"
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Dust layer : Eiffel
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i 324 m
H
(IR
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5 e 1

New detector technologies.
Better low energy reconstruction.
Improved flavor identification.

Inspired by DMIce (A. Hubbard, R. Maruyama, and the DM-Ice project)
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The IceCube Upgrade

Phase 1: Installed 5 new functioning strings in
the ice. Completed December 2026.
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The IceCube Upgrade

Phase 1: Installed 5 new functioning strings in
the ice. Completed December 2026.

|ICECUBE —100m—
UPGRADE LT IRENN o
IceCube Laboratory /,/ Top View m
ol o L .

--..-..- .4‘ - ) _ Q_- - - - - =
- T T ._;.:J“"—?’ 5 S e L _‘.._ - - P - ® u ® =
50 m - - - - - - - - 1 : @® Upgrade

A |ceCube
m DeepCore

1450 m [ K —‘
t

— IceCube
| Upgrade

IceCube
Array DeepCore

l"
l"
'I
I"
: "
§ : s
Dust layer i Eiffel
29 % Tower
1
| 324 m
;
1
LI

350 m

Muon Tagging
Assambly

Bedrock

Inspired by DMIce (A. Hubbard, R. Maruyama, and the DM-Ice project)

Carlos A. Arglielles — IPA, Oct., 2026 51




Improved light-collection for
low-energy events

B DeepCore B

-

*DeepCore (shown on the left) is the current low-energy extension of lceCube

Carlos A. Arguelles — IPA, Oct., 2026
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lceCube Gen-2

Phase 2: x8 the volume
of present lceCube,
plus additional detectors.

T. Zhu, A. Jin, CAJINST 20 (2025) 05, P0O5001 53



KM3NeTl: Water Neutrino Telescope

31 3” photo-multiplier
tubes per Digital Optical
Module (DOM) 18 DOMs per Detection Unit (DU)

Each DU is unraveled
before reaching the

50 strings already deployed near Sicily! sea floor

Carlos A. Arglielles — IPA, Oct., 2026 54




Effect due to redshift anzats
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K. Carloni, J. Porto, CA, B. Dey, S. Jana )
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Is there tension between KM3-230213A and
null observations from IceCube and Auger?

We consider a generic single-power-law flux model in the UHE region

A = ]lg r=ms g === 30
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Spectral index y;
KM3NeT 2502.08173 See also Li+ 2502.04508 [1] Maltoni Schwetz 2003 [2] Gelman+ 1996
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null observations from IceCube and Auger?
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null observations from IceCube and Auger?

We consider a generic single-power-law flux model in the UHE region
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Is there tension between KM3-230213A and

null observations from IceCube and Auger?

We consider a generic single-power-law flux model in the UHE region
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Is there tension between KM3-230213A and
null observations from IceCube and Auger?

We consider a generic single-power-law flux model in the UHE region
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https://www.nature.com/articles/s41586-024-08543-1#Sec18

Backgrounds

e 0.1 =0.6°x1.5° where the angular

uncertainty is dominated by uncertainties in the
absolute position of DUs

e Considering the natural overburden, an upper limit
on the atmospheric muon background at 100 PeV:
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Backgrounds
e 0.1 =0.6°x1.5° where the angular

uncertainty is dominated by uncertainties in the
absolute position of DUs

e Considering the natural overburden, an upper limit
on the atmospheric muon background at 100 PeV:
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Backgrounds
e 0.1 =0.6°x1.5° where the angular

uncertainty is dominated by uncertainties in the
absolute position of DUs

e Considering the natural overburden, an upper limit
on the atmospheric muon background at 100 PeV:
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PeV is approximately (1 — 5) X 107> events
per year, dominated by the prompt component
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