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Disclaimer

How high is the energy of 100 TeV?

e Gamma rays: “ultra-high-energy”

» UHE y means E>100 TeV 4 this talk: A
* Neutrinos: “high energy” VHE neutrinos
» UHE v means E>100 PeV
>
\ E>10 PeV P

 Cosmic rays: “moderate energy”
» UHECR means E>10%° eV
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High-energy neutrino detection: tracks and cascades

hadronic
shower

Capone, Lipari, Vissani 2018

hadronic .
;h electromagnetic hadronic

KM3NeT, RICAP2024 KM3NeT, RICAP2024
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Neutrino water Cerenkov telescopes: target TeV to PeV

IceCube Lab & 2016
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Baciock ICECUBE o .
IceCube: Baikal-GVD: KM3NeT:
e South Pole (ice), works since 2008, in e Lake Baikal (fresh water), works  Mediterranean (saline water), works
the full configuration since 2011 since 2018, growing volume since 2018, growing volume
* maximal exposure — the principal * now :~0.8 km3, plan: ~2 km3 * now :~0.12 km3, plan: ~2 km3

source of data

Accuracy of determination of neutrino arrival directions is about 4 times better in
* now: ~1 km3, plan: ~1 km3

liquid water compared to ice (16 times difference in the uncertainty area in the sky)
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Muon energy

The most energetic particle (muon) directly PV [ 1000Pey

100 PeV — —— KM3-230213A

detected by humankind: KM3 230213A .
0.15 - 1 L
muon energy: g ! o
13‘9 14 :: H 16 120 PeV best_fit .é :1: :
§ #0L Bl1L0] o = (60-230) PeV 68%CL ™" ’r
it (YT B (35-380) PeV 90%CL 2
' il neutrino energy: § 0.05
1] 220 PeV best-fit 3
L 1] KM3NeT (110-790) PeV 68%CL 0 :
& M43 ‘;!\ i1 2,000 4,000 6,000
' i’ % 4 ) Nature 2025 (72-2600) PeV 9O%CL Number of triaaered PMTs
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A B Stat. + syst. | 2 N
ool A N ]
21 string of 230: ~0.1 km3 2406 10 ey 102 R 1000
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KM3NeT + IceCube + Auger + Baikal-GVD

-6 — — — —
10 T T T T T
90% CL one-decade upper limits: one-flavor v+Vv
; - _ Baikal-GVD (this work)
larger experiments 1077 v Adger 2022 : :;
do not see events T"’ — = IceCube 2025 ‘~, ; ;
with that high N’ 1078 ; ;“' Y R
. E _L - — -
energies o 9 —_— — —
> 107
()]
A
IR w4010
104; e NLLI 10 |—i—| KM3NeT only
S 1011 —4=—Combined fit (this work)
S 10002— = S L e EEE—
g | 1000 104 10° 100 10/
£ 100l Baikal-GVD et al., PRD (2025) E, TeV
% E 4 et L IceCube 2025
ol fuger 2= assuming that KM3-230213A comes
A KM3NeT (21 strings) : . . .
; Baikal-GVD (12 clusters) | from the isotropic diffuse flux:
T N[lceCube+Auger+Baikal-GVD]=0 & N[KM3NeT]=1: p=1.2%
E, TeV
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https://arxiv.org/abs/2507.05769

Baikal-GVD et al., PRD 2025

effective area, m?

KM3 230213A and point sources

CBfavors, (veT)2 et A point-source flare (naively) makes
10 the observations “more consistent”
1000 E? N
: 5 F, = L
- AFE, At A
100 .
i .’ S e IceCube 2025 ]
R S  Auger 2022 | A= Axms + Aic + Agvp ~ (400 + 6000 + 1300) m?
10 2t ;’ ----- KM3NeT (21 strings)
- ' Baikal-GVD (12 clusters)
i ‘/ | At - er
NP /PR L L i L _ a4+1.8 11
1 104 108 108 107 108 Fv = (E) (1-"} ﬂ.H} x 10 em2s

E.TeV Kivokurtseva, ST, arXiv:2509.10352

(provided a source is observed and At fixed)

n
VHE neutrinos // Sergey Troitsky HEACOSS, 18.06.2026 slide 7 of 25 @



i

A

KM3 230213A and point sources .
—6 -
0° //C—f:/I\a\\ Maddalena’s cloud —7 4
:\\ OB1 /,: (:’ —
-§ 2y |‘\\Northe\?n‘ filament = g —8
§ i @ : ,/I‘ /’/ Qri/cfnl B cloud E %S:/[gééz? gégé 33(;0 ictsnﬂ;s;i:ﬁy —97
5 ’ 5 Blazar selection methods
5| [] 1: X-ray, radio, infrared cross-match e
o O Radi}c; VLBI 10
. |- 3: 5BZCAT 7Y
KM3NeT O 4 FermiLAT Eep | | . . .
. Galactic Longitude 97 96 95 94 93 92 91
arXiv:2502.08387 RA [
Galactic: Extragalactic: KM3NeT et al.
Monoceros R2 molecular cloud as a target blazars arXiv:2502.08484
[830 pc, overdensity ~1000],
Note:

star-formation region,

CR source =? the angular accuracy much worse

than expected...
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KM3 230213A and a point-source flare

PMN J0606-072 blazar, radio flare from RATAN-600 and OVRO monitoring

gap in OVRO
observations, only

RATAN at the time of

neutrino arrival

0.0
2
2 05
S 2
S &
5
& o

0.0

Zoomed Flux density
Jyl
o
g

PMN J0606-072

¢+ OVRO (15 GHz)
RATAN-600 (15 GHz)

55000 56000 57000 58000 59000 60000 61000 KM3NeT et al.
Time [MJD] arXiv:2502.08484
. : o @P(:?lk
..:'": o l E Sow % '
s @ Noog, P, B J | :Oj ¢ *".o' “..o

o . 3 . e, .l

59600 59800 60000 60200
Time [MJD]
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KM3 230213A and the flare of PMN J0606-072
2 !
L ~mp/E,

g-band vF,, erg!cmzf’s

15 GHz vF,, ergicm?/s

10'"’% . optical . % @)
1071 % ) . ' % :>.
- . proton mm radio core: . -
N £ acceleration neutrino production zone
10° ; - . é zone
:hIStOFIC&ﬂ mean = ) _electron trajectory 5 ~J 10
1078 L0 4 I L -, - — - :roton tra%ctory
. a Fadi jet axis
radio Plagk 2dio emission
hole
10713 i o". | ( N)\)&
i ) :T ! ( e, ) Daly, Marscher 1988  &mmarg-
3 ¢t }..:. gl '.“..a \-: .
2 ‘ $T : { . 5 1 @
5x1071 . { T . - fy(l — ﬁc()s 9) Kalashev ,Kivokurtseva, ST 2023
59600 59800 60000 60200 60400
MJD
Kivokurtseva, ST, arXiv:2509.10352 (see also the talk by Polina Kivokurtseva after lunch)
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KM3 230213A and the flare of PMN J0606-072 Kivokurtseva, ST, arXiv:2509.10352

10-1°

101 — Parameter Value
core length, I’ 1.5 pc
o 107* - core transverse radius, r’ 0.6 pc
1 magnetic field, B’ 0.05 G
1077 Doppler factor, 4,. 5
“ Protons: Electrons:
ERURE spectral index 1.0 1.8
minimal energy, £ . 1 x 10° eV 1 x 107 eV
- ot i’ 18 10
105 maximal energy, £ . 2 x 10 eV 10* eV
total power, L’ 5x 10" erg/s 5 x 10" erg/s
10719 1 ‘ 1 _
—8 —4 o 4 8 12 14 20 . =
10 10 10 10 E [eV] 10 10 10 10 Table 1. Parameters used for the SED in Fig. 3.
primary e~ — primary p —— FermilAT {on flare)
—— BH (py—»pete~) —— total ¥ Observational Data
— yyeele- v H  KM3NeT event

Population of similar blazars agrees with 1 event from the full sky:
about 600 sources with same or higher radio flux not in the Fermi catalog,

: 1
neutrino flux Faier ~ 7—NanFyy < 8.4 1072 GeV - em 25 tsr !
i
At
+310
ﬁl ﬂ n-~ 17 yr ‘ N, :S 220_13{] 7
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A multimessenger connection: cosmic rays

* problem: with indirect detection, primary particle types are hard to determine

energy composition
6

—~ 107 RTCLAAINE ¢ 355 /' 14% Auger Energy Scale Uncert C oy !FLAJSI%QE()EEPOS—LHC) = LOFAR ((gggjg—”—g:)) -
I 5~ W LOFAR (EPOS-LHC) A Yakutsk (QGSJET-11-04) ]
) T A Yakutsk (EPOS-LHC) ® Auger (QGSJET-11-04)
N C @ Auger (EPOS-LHC) = \WR-CRs (C/He=0.1) .
o 41— [____ Kampert & Unger 2012 === \WR-CRs (C/He=0.4) —1Fe
T, 10" . . m GW-CRs =
o 4 Tibet 111 ApJ 678 (2008) 1165 %:* C 7 Si
'E Tunka-133 7 years i '.:'* eree 4 &‘\ 3 - o iy .
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= 1079 4 HAWCPRD 96 (2017) 122001 ¢ - -|He
E ¢ IceTop Infill PoS(ICRC2019)318 1I— —]
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5 t  Telescope Array PoS(ICRC2019)298 * o =
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VHE neutrinos // Sergey Troitsky HEACOSS, 18.06.2026 slide 12 of 25



Cosmogenic neutrinos and photons

* energies of 1/10 (1/20) of proton energy, that is
beyond the current IceCube/Baikal GVD range

7
* predictions very different for nuclei: no A

resonance, much lower fluxes

.%0/7
-~

% > YY) + upper limits from cosmic-ray experiments

De

e future task: to find these photons and neutrinos and
Berezinsky&Zatsepin 1969 ~ tO constrain the cosmic-ray composition

n
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Cosmogenic neutrinos and photons: searches and limits (pre-KM3NeT)

= Upper Limits at 95 % C.L.
== = = AGN (Murase 2014) — ®  This Work: Auger Hybrid (2024)
. Cosmoegenic (best-fit to Auger spectrum - proten)  s=sssssas Low-lumin. BL Lac (Rodrigues 2021) B i’ ¢ Auger SD 433m + UMD (2023, prelim.)
e Cosmogenic (best-fit to Auger spectr. & compos. - mixed) = = Magnetars from BNS (Fang 2017) — f [ ] Auger HeCo + SD 750 m (2022)
= » == Starburst Galaxies (Condorelli 2022) ; 10 = I t ? {f v f:_\ulgel’ sD 1A500 mz(g%:;)
- = =, O elescope Array (
- - — e
10‘7 Auger (2022) - 0 C T, : : T ! Upper Limits at 90 % C.L.
IceCube (2018) | o b KASCADE-Grande (2017)
- = £ 1Be—_ ™ A EAS-MSU (2017)
N ANITA (2019) 10 1 = =~
5 3 & w® SN Model Predictions
— R e — — C T A — h N GZK proton | (kampert et al. 2011)
Im 10 Waxman-Bahcall (2015) B = w B .. GZK proton Il (Gelmini et al. 2022)
- - > = 10 .. GZK mixed (Bobrikova et al. 2021)
IE . =l 1 £ = N -, CRs in Milky Way (Berat et al. 2022)
[w] Auger integral (2022) - 5 é = ""-.._.' e ~ & SHDM la (Kalashev & Kuznetsov 2016)
> -9 N > o : '.'"-.,.' S -~ % - = SHDM Ib (Kalashev & Kuznetsov 2016)
v 10 - (] c RRITN N = = = = SHDM Il (Kachelriess et al. 2018)
e - w S 107 ECNLAN B
w w = ~n
o = 0_ 1 = L — ., . Y
S PRELIMINARY E®' 2 & F 2.
~ 10710 S s [ AT
u L W g10° L T v 7
E = ' “s,
-0.01 = —
-1 Single flavor - B 'I "'s I
10 17 18 19 T |l||20 T T T T T TTT 21 10*4 E_ 3 i ."
10 10 10 10 10 SRR I s ol Lo el [
Energy (eV) 10" 10'® 10" 10%°

Photon Energy Threshold Eo [eV]

Auger Collab. 2023 Auger Collab. 2024
neutrinos photons
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KM3 230213A as a cosmogenic neutrino?

S

) i 1 i . 7° mesons
for the isotropic diffuse flux: L N
> N[lceCube+Auger+Baikal-GVD]=0 & N[KM3NeT]=1: p=1.2% -
: : . . T/SUAL
¢ cosmogenic neutrinos — from protons Berezinsky & Zatsepin, PLB (1969) \ﬂ

IceCube, PRL (2025); KM3NeT, ApJL (2025); Baikal-GVD et al., PRD (2025); Kuznetsov et al., 2509.09590

106 T T A R | | .. ——
- Cosmogenic neutrino predictions: - one-flavor v+v 3 I 3 KM3-230213A . ]
10-7 L Auger compasition T | 2 _ E_z‘ ﬁt‘ N + Comblned_ fit :
- : Muzio+ 2023 I I 5 10-7 L |
% . Ehlert+ 2023 o f == Best-fit :
Ty 107 E KM3NeT 2025 extreme i % [ == Local min. ]
I —8 i i
E 109k g 10 y
g = f Telescope Array
. 100 e 2 ore
o ; O 1079 composition
W - . - F
105 54 KM3NeT only Auger composition |3 i : '
10_123 —}— Combined fit (this work) x W) :
E L MR R A | | S R S i T S S R R | L T [N [ ]
1000 10° 10° 108 107 o 2 :
Baikal-GVD et al., PRD (2025) E, Tev 106 107 108 109 1010 1011

Kuznetsov et al., 2509.09590  Encrgy, [GeV]

» (if cosmogenic!) interesting implications for cosmic-ray composition

l (7]
uv5) | | |
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https://arxiv.org/abs/2502.01963
https://arxiv.org/abs/2502.08508
https://arxiv.org/abs/2507.05769
https://arxiv.org/abs/2509.09590
https://doi.org/10.1016/0370-2693(69)90341-4
https://arxiv.org/abs/2507.05769
https://arxiv.org/abs/2509.09590

Very high energies: neutrinos in neutrino telescopes

* beyond the target energy range, but why not

lceCube
Baikal-GVD
KM3NeT

P-ONE
lceCube-Gen2
HUNT
TRIDENT

Credit: KM3NeT Collaboration
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Very high energies: neutrinos in cosmic-ray detectors

e deep air showers

Y. PIERRE

| S s ' A LY “ R HiRes
| ‘ N Pierre Auger Observatory
Telescope Array

Injection point

.
.,
.
*
.
-
-
.
‘e
o

Electrons & photons

> - RPN Muons
Early region Late region
broad signals narrow signals

Credit: Pierre Auger Observatory

n
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Very high energies: the Askaryan effect

Askaryan 1961

small A add Y%
* negative charge excess in an™~s——_ ,‘ destructively
. £/

electromagnetic cascade ‘/‘ Ll

* Cherenkov radiation of these electrons _, ,;,4‘, |

* coherent radiation at large } ,arge;\ add &
wavelengths (entire cascade as a point ) coherently Qnipgbl Wuhunjw

» = 1928 - 1997

source) - & 1

observation: Q >

. ’

* broadband, nanosecond-scale radio pulse

* linear polarization in the shower-observer plane

e angular and spectral structure determined by | P npd\
shower geometry and coherence \/

* long radio attenuation lengths
» sparse detectors, large volume (ice, salt, lunar regolith)

n
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Very high energies: the Askaryan effect

e array of antennas inice

Amundsen-Scott
South Pole Station

ARA station
“Fira (S0'm) i
200 m i
2 \ e e Interaction Vertex

ARA Instrumentation

Central Station

Electronics
> - : === small A add
e »_:t:.\ desatruciaively
\::
L | i large A add
l | I e coherently
Calibration z -
antenna
antennas - ! FO
I transmitter
Antenna - 1‘
clusters J
cluster, I I| Hpol /
- /10«\
Vpol [f

Credit: Askaryan Radio Array (ARA) / University of
Wisconsin—Madison / WIPAC
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RICE
ARIANNA
ARA

ARA

RNO-G
IceCube-Gen2 radio
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Very high energies: the Askaryan effect

* observing the ice surface from above
balloon at ~37km altitude

\ ANITA
cascade produces
UHF-microwave EMP (DZ/ agrt]eggﬁofgéay FORTE

| PUEO

; POEMMA

,—”\ 0.1-100 EeV neutrings,_/;"-\_\ sarth

refracted RF i1

~700km to horizon

ice
cascades‘f observed area:
== ) 1-3 km
P 56D ~1.5 M square km
Yo Cherenkov cone

I Credit: ANITA Collaboration, astro-ph/0503304

n
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Very high energies: the Askaryan effect

e observing the Moon

ultra-high-energy GLUE

neutrino >10*°eV RESUN

: radio photons _

* shower g Kalyazin
W LUNASKA
NuMoon

interaction
vertex LORD

ULW lunar orbiter
Lunar 2x30m telescope
LOFAR, SKA, ...

Credit: A. Nelson, CERN Courier
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Very high energies: Earth-skimming tau neutrinos

* horizontal air showers

GRAND
Trinity
BEACON
HERON
TAROGE-M
TAMBO

extensive air shower

Credit: GRAND Collaboration, CERN Courier
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Very high energies: combination of all experiments (full sky!)

 combined exposure

wf T IceCube ANITA

Baikal-GVD FORTE
5 KM3NeT GLUE
o 10 Auger RESUN
© RICE Kalyazin
§ 1019 ARIANNA LUNASKA
5 ARA NuMoon
10"
1016 I 15]18 o 1020 1022 1024 1026
neutrino energy, eV ST 2026

n
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Very high energies: combination of all experiments (full sky!)

* cosmogenic neutrinos

1078 =

-
o
o
|
1

-----
- -

—

<
N
o

flux, GeV cm_2 3_1 sr'1

_ Auger composition

combined 90% CL upper limit

osition i
expe riments start to

touch cosmogenic
> neutrino predictions!

neutrino energy, eV

VHE neutrinos // Sergey Troitsky

T 1019

ST 2026
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Very high energy neutrinos: conclusions

v Firm observation of a >100 PeV by KM3NeT
v Non-observation by larger experiments: a two-sigma tension
v’ Can be associated with a flaring blazar

v" Or can be the first cosmogenic neutrino ever detected, important to solve the
composition problem of cosmic rays

v' Combination of experiments already starts to constrain cosmic-ray scenarios
v' Many projects based on Askaryan effect and other approaches

n
ﬂ.
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Neutrino astronomy: some difficulties

1.2

1.0
08

06

PDF(E)

0.4
02

0.0

arrival directions
| single
. | neutrino event
with extreme
energy in three
reconstructions

0.5°

* Low precision of both

IceCube tracks direction and energy;

systematic uncertainties

E,=290 TeV

E,=170 TeV
IC170922A track:
E,=52 TeV | E _ 290__|_$g10 TeV
E,. 68% CL:
Eyep=23 TeV --(—w) By,
-
s a “10‘00 | 10* 10°

E, TeV

Ll 10

VHE neutrinos // Sergey Troitsky

* Abundant neutrinos and muons produced in
the atmosphere: except the highest energies,
the astrophysical signal is much lower than
the background

3 8
£ £
= 1100 5
2 2
s 01 5
z 10 %
S 0.01] o
kel 1 2
B ‘ £
(] -
£ 0.001 ' ' ‘ ' c
1 10 100 1000
E, TeV
ST, Phys. Usp. 2022
n
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KM3 230213A and the flare of PMN J0606-072 Kivokurtseva, ST, arXiv:2509.10352

z = 1277 dr, ~ 8.8 Gpc optimal proton power:

" proton interacts once
E, =~ 20E,(1 + 2) M

IRF (r\
- 85 0
y1y (E) OaELr? \ I - Oc =2 2.8

Ex ~ (1.0%57) x 101 eV

proton mm radio core:
acceleration neutrino production zone
zone

| 0 ~ 10
electron trajectory ‘

S R = /‘\‘7 . "‘-v ——— -
[ ) 9 . S~ proton traj%ctory \
black v’ S radijo emission
hole ’
. N\\) 1 g
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KM3 230213A and the flare of PMN J0606-072 Kivokurtseva, ST, arXiv:2509.10352

z = 1.277 dr, ~ 8.8 Gpc optimal proton power:

proton interacts once

4

IRF (r\
E'nl(E) = —L (—)
Ay (E5) 5§E:ﬂ”2 I - 5(; ~ 2.8

ES ~20E,(1+ z)

Ex ~ (1.0%57) x 101 eV

p
2.8\* erg 4
— | == +2.7 45 2.8
L"” (5) (2:0573) x 107 = Lyot ~ (—) 15 x 101 =
: O S
2.8\* 153 16 CT8 T 1.3 16 MpH erg
B = 1.3 x 10
e (5) (10522) > 107 e 10°Mg s
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KM3 230213A and the flare of PMN J0606-072 Kivokurtseva, ST, arXiv:2509.10352

can this source accelerate

* 0 +2.6 19
B} ~ (1-0_0,5) x 107 eV protons to that high energy?

p

electron trajectory

5 P e s ————
’ ‘7 - s S proton traj%ctory )
SELN jet axis
e radio e
Miss;
, \)
] neutrinos @
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Ptitsyna, Neronov 201 Bykov et al. 2012
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The Greisen-Zatsepin-Kuzmin (GZK) process Er =~ Ep/5

Yy _I__>A+_>n+7r+
%0% p+7

0
d |::> P
Y @ 1
2 E -
§:I —> (Vv E. E.. =m?2 » B = A v
% £ c P8 A 5T 90F, 750 eV 100 Tev

T 1111ITI'| TT

H'll]Tl T TTTIT

» for E,;=4x10" eV, this relation gives the
CMB photon energy

J li

* the GZK process limits the 10%° eV
propagation to ~100 Mpc

p energy attenuatio
lengt

[ T H[IHII T lIHI[Il T Hlll[ll T lIHIﬂ'l T \Illllq TTTT
>, 3
1 ll[lllll 1 Hllllll 1 llllllll 1 Hllllll L1 Ll LI

[note the difference between the interaction

N interaction length*, ___-----------. and energy attenuation lengths]

o

IllIJlJl L IHIJIJ‘ 1 JIIJJIJl 1 JIIIJHl | JJIJJLIJ 1 JJIJIJ.IJ 1 IJJJILIJ 1 LIJ JIIJl] 111

L1 111
o) 16 17 18 1019 1020 1021 1022 23 1024 1025

E

— [ TTTITm

o
o
o
o

nucleon interaction and attenuation lengths (Mpc)
o

10
E (eV) Kalashev et al. 2002 3
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The Greisen-Zatsepin-Kuzmin (GZK) cutoff

* the GZK process limits the 10%° eV
i propagation to ~100 Mpc
Greisen 1964, Zatsepin&Kuzmin 1964
S * 100 Mpc is ~1/40 of the size of the
o N T Universe
i SOV |+ cosmic rays with higher energies come
VYN from 1/(40)3 volume of the Universe

- the nearest O\ | ) C . .
sourceat: : |1 xompc > ¢ for uniformly distributed sources, this

02 - - means a sharp cutoff in the spectrum
\1053 * details depend on the source

| I 5 : . . . . .

10"7 1018 1019 1020 1021 distribution in the Universe and on
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Two faces of the GZK problem: historical versus modern

e early, small-exposure experiments (Volcano
Ranch, Haverah Park, SUGAR, Fly’s Eye, Yakutsk,

N
(=]

5
P ms L0 Akeno The AGASA) observed many super-GZK events (one
= N ;‘jjjtob W even before the CMB discovery)
Sl Proton Sotelite ; e the spectrum continued beyond the GZK energy
* * JA Ry 1 i TR
X ms - T s SR (no cutoff)
5 s * that meant either strong local overdensity of
‘jﬁ o sources or exotic particles
- A Haverah Park . .
2Lt # Yakutsk * new-physics scenarios were suggested
- A * St Fly's E . . .
2 Fol bl L) the scenarios were killed by observations of GeV
1 12 13 14 15 16 17 18 19 20 21 . .
log(ENERGY in eV) diffuse gamma-ray background (electromagnetic
| .
Nagano & Watson 2000 cascades!), then by limits on unusual UHECR
showers
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Two faces of the GZK problem: historical versus modern

10%

R T i T 4 i
" ot
: 5 + i
l #
" @ TACombined (ICRC 2019) ’ e
[ m Auger 2017, E rescaled by +10.2% + i
~ ¥V KASCADE-Grande (2012) H .
MR NN lag s aaaag Lo aag Lo i Lag i aaag Lalbah g
15 16 17 18 19 20
logw(E/eV)
Matthews 2023

VHE neutrinos // Sergey Troitsky

e the 215t century experiments (HiRes, Pierre Auger

Observatory and Telescope Array) measured the
spectrum with large statistics, and it is (%)
consistent with the GZK cutoff

many events above the GZK energy were detected
this means either that their sources are within 50
Mpc, or that new-physics scenarios are still
needed

no obvious sources capable to accelerate particles
to 10%° eV are evident in the Local Universe

in particular, no sources in the directions of events
(magnetic deflections are small for these energies)
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