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Neutrino astronomy in a nutshell
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The current generation of neutrino
telescopes

https://icecube.wisc.edu/
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50 m ceTop— =

km?3 neutrino
telescope

Amundsen—Sr:ntt South
Pole Station, Antarctica

10+ years of data

IceCube Laboratory

Data is collected here and
sent by satellite to the data
warehouse at UW-Madison

Digital Optical

Module (DOM)

5,160 DOMs
deployed in the ice

1450 m

2450 m

JINST 12 P03012

(2017)

86 strings of DOMs,
set 125 meters apart

apart

Antarctic bedrock

DOMs ’
are 17 {
meters

taking at the
South Pole

A National Science FouRg
managed research facility

T

&0 DOMSs
on each
string

First discovery
instrument for HE
neutrino astronomy
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The current generation of neutrino

telescopes
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Mediterranean
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The current generation of neutrino

telescopes

KM3NeT/ARCA p—

The Detection Unit (DU)
holds 18 DOMs

2 Building blocks, 115 DU each -
— ~km3 instrumented volume

The optical sensor:
Digital Optical Module
(DOM). Each DOM ‘¥
comprises 31 3" PMTs

J. Phys. G 43, 8: 084001 (2016)



The current generation of neutrino

telescopes

KM3NeT/ORCA

~ 225 m

seiaisle s
L 3R W
Depth=2450 m

~200m

Uniform KM3NeT detector design

Designed to assess NMO, but Low-E
Astrophysics also accessible

See e.q.
POS(ICRC2019)857
POS(ICRC2019)934

J. Phys. G 43, 8: 084001 (2016)



The current generation of neutrino
telescopes
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Event topologies in a neutrino telescope
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All NC interactions v: CC interactions with vy CC interactions
ve CC interactions hadronic / electronic Atmospheric p
tau decay v: CC interactions with
muonic tau decay
Good energy Good energy resolution Bad energy resolution
resolution Angular resolution gets Good angular
Bad angular resolution better with larger resolution
kh _ lengths L
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Simulated event displays in the IceCu

be detector




Cosmological v

Solar v
Supernova burst (19874)

A / Reactor anti-v

Background fr

Terrestrial anti-v

Atmospheric v
v from AGl\é

Cos?nogenic
=V

High-energy diffuse neutrino fFluxes

Kaons and pions
in CR showers

old supernovae

10 102 1 10° 10° 10° 1012 1 108
peV.  meV eV keV MeV GeV TeV PeV Ee
Neutrino energy

Charmed mesons
in CR showers

9/62




High-energy diffuse neutrino fFluxes
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Vetoing downward-going passing-through events
— rejection of accompanied atmospheric neutrinos

i :
10°
© g Opens the sky to
0 5 o [ downward-going neutrino
S s | events — highest energies
@\ E 10° -
H L
- 1013 | |
© | conventional !
10' 1 1 1 1
& ° e " Dependent on the proper
< modelisation of:
™ 1018 ¢ . . —
@ [ 130 TeV prompt V\Zt !%r?geu(gﬂgg ______
= iinieeCie —— 1 — CR muon flux at the
-% AT | detector
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5 + JCAP 1807 (2018) no.07, 047



Vetoing downward-going passing-through events
— rejection of accompanied atmospheric neutrinos

[ceCube Preliminary
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The HESE sample (7.5 years)

High-energy starting events above 60 TeV
— Southern sky accessible (veto)
— Northern sky more opaque (absorption)

®''(100 TeV) = (2.1555) 10" (GeV cm’ s sr)

N=2.910.2
Too soft? Compatible with isotropy
- i
IceCube! Preliminary F D = T bua
stro. [ 102 stro.
’iLI B Atmo. Conv. = B Atmo. Conv. I
E\- 101 E :{_‘ﬂH Hl Atmo. Muons % HEl Atmo. Muons ICGCUbe Prehmlnary
- 1 AN
| — 1 . . . .
: . S S SRS
o g
® 10" 5 10
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g 10
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10 10° 106 107 —1.0 —0.5 0.0 0.5 1.0

Deposited Energy [GeV] cos (0.)

Not really compatible with any reasonable atmospheric 13 /62
PoS(ICRC2019)1004 assumption; however a null-prompt is fitted



The track sample (9.5 years)

Earth used as a shield against CR muons
— cosmic excess at the highest energies (>100 TeV)

®'"(100 TeV) = (1.44+0.25) 10'®(GeV cm?’ s sr)™

Extra-galactic sources
should behave like that
Which ones?

Best Fit is a null-prompt
also here (see backup)
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A global view on IceCube HE cosmic
neutrino measurements

I
» 357 IceCube Preliminary HESE (7.5y Full-sky)
" PoS(ICRC2019)1004
@ Bl Cascades (4y Full-sky)
5 68 and 95% ~ 77 PoS(ICRC2017)968
i S Through-going Muon-Neutrinos
> 5 27T — == (9.5y Northern-hemisphere)
o TP AL PoS(ICRC2019)1017
1 R ) E N
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20 22 24 2.6 28 30 32 34
Spectral Index
— test for deviation from single power-law description

lceCube spectral analysis in the HESE shows that the difference
between the 1- and 2-component model is ~10

Tracks and HESE still compatible at 95% CL 15/ 62

PoS(ICRC2019)1017 + PoS(ICRC2019)1004



The ANTARES search for HE neutrinos

10°

Events (2007 - 2018)
2
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o
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== Data

- Atmospheric MC
- Cosmic signal

ANTARES
Preliminar

Tracks
— L L1 R |
107555 6.5
Eann [a-U]
= 10%F
2 F — Data
< B - Atmospheric MC
5 L o
< = Cosmic signal
2 10F
2 - ANTARES
I Preliminary
1 —I_|_| ) T
Showers
10—1 1 1 ﬁ | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1
25 3 35 4 4.5

| 1 1 1
5 55
log. (E /GeV)

10" shower

3380 days of livetime
Considering the HE tail (~1% highest E)

— data: 50 events
(27 tracks + 23 showers)

- bkg MC: 36.1 £ 8.7 (stat.+syst.)
(19.9 tracks and 16.2 showers

- signal MC: ~10 events expected
(4.5 tracks and 5.5 showers)

Null-cosmic excluded at 90% C.L.
1.80 excess

16 /62
PoS(ICRC2019)891



@3’ (100 TeV) [10~8GeV~1cm~2sr-1s1]

The ANTARES search for HE neutrinos

Upward-going events, simultaneous fit for the shower and track sample

®'"(100 TeV) = (1.5+1.0) 10" (GeV cm? s sr)™

N=2.3%0.4

= lceCube combined all-sky (2015)
0 lceCube muons North (2016)
e ANTARES (this work)

ANTARES
Preliminary

When Fitting individually the samples

Tracks

- ®'(100 TeV) = (0.8+43) 108
I'=2.0"93

10* Showers

_ (100 TeV) = (2.1£0.8) 107
0 3 T=24204

NB: Atmospheric flux is Fitted as
more intense than in the model,
prompt is forced to exist in the fit

1071

-2
10 17/ 62

PoS(ICRC2019)891



Putting it into context

3.5 — —— ANTARES
— — lceCube

DPostro / 10078 GeV tem—251gr1

18 /62

Spectral Index y



KM3NeT/ARCA diffuse Flux sensitivity

KM3NeT/ARCA Preliminary

© 6F
Q 5: High sensitivity to HE neutrino cosmic flux
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© - . . .
£ Quick re-discovery of an IceCube-like
g.) 4__ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, k ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, s|gna[ and ana[ys|5 W|th Improved energy
- — B tracks : .
» cascades | recostruction
3 __ combined
F o oemuiany | Different systematics
1 — detector
[ TN ., . | —background
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L1 ‘ I B L L b
%65 4 15 2 25 3 35
Observation time [years]

19/62
J. Phys. G 43, 8: 084001 (2016)



HE tau neutrinos in IceCube

— single cascade —— double cascade + - exp. data || — reco with bright DOMs  ---  reco without bright DO Ms .
. : e - No atmospheric background — tau flux
: 1 o can only be of cosmic origin
. 1 candidate events
(+ one which is a PeV HESE)
6]
. d
R
g : ° 2 — HESE Iwith ternary topology ID Qo_
c : E & ° % Best lﬂlt:ID.EQ :._,_?'50 0 0.21 A .
@ o —  Sensitivity, E spectrum
i E o Q Q « 1:1:1flavor composition
@ ° :' 3 & WORK IN PROGRESS
© o : -
¢ § S
| IceCube Preliminary | 0‘ Bright DOMs are excluded from this analysis

(E1-E2)/(E1+E2) = -0.80

Pl .
91 . Tau observation
>@ > — constrain flavour ratio <
! — : @Earth and thus @source

PoS(ICRC2019)1015



v and v: CR propagation in the Milky Way

%  CRsource Neutrinos carry direct
¥ CRinteraction information on CR
propagation. e.g.:

— vy

- Non-homogeneous
diffusion can enhance vy

and v emission

- Molecular
clouds/dense
environments boost vy

and v Fluxes




* ApJ.750: 3,2012
** ApJ Lett. 815: 125, 2015

v models from GCR and vy

Fermi Benchmark

Standard
model*

Ratio of the two

Mollweide view

Galactic

[ B
6.4 log10(Spatial PDF) 3
Gaggero et. al.

-1 log10(Fermi/Gaggero)
KRA,, is stronger <> Fermi is stronger

: Gaggero et al.**
Radially dependent
cacic diffusion — data tuned

Harder/stronger in the centre
Softer/lower in the periphery
S i - different Fields of view can
65 log10(Spatial PDE) 3 test differently the model
Plots by C.Haack, for the IceCube Collaboration 22 / 62




vs from the GP

Joint analysis ANTARES (tracks +
) and IceCube (tracks)

0.9 1077_
ol Sample ¥
| contribution

0.7

o
=

fan)

e
(&3

._
o
&

C KRA~ model
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FExpected signal
(o)
e
E2d®/dEdS) [GeV em ™2 s srl]

0.2
- - -- IceCube UL KRAy® &y
0.1 |1 IceCube starting events
IceCube up-going v,
091.0 .0 0.0 0.5 ) 10_190—1 ' 16[: ' 1|01 — 162 —= 163 =
sin{True Declination) E[TeV]
+ spectral energy distributions Low latitude Galactic contribution
are different in the model constrained to 8% of the all-sky Flux
New IC cascade analysis: 23762
ApJ Lett 868: L20 (2018) ySIS.

ApJ 886: 1, 2019 (see backup)



Individual sources of neutrinos

5 | ' HE CR accelerator
— CR interactions

y-v connection
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Fermi-LAT and MAGIC
prompt follow-up
>30 significance

Not really compatible with
other close-by emitters

Science 361, 6398, eaat1378
DOI: 10.1126/science.aat1378
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TXS 0506+056

IC40 IC59 IC79 IC86a IC86b IC86¢c
5 1 1 1 -
=== |ceCube-170922A A .
= Gaussian Analysis | \ .
3 4 = Box-shaped Analysis >30 significance [\ :

- logyo P

2009 2010 2011
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N
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iy
o
T

0.0

Science 361, 6398, pp. 147-151
DOI: 10.1126/science.aat2890
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(1] SESTRE

0.0

1.5 om0

2013

'l-2m

1-10

:

2014

qF

201‘5\ 2016 2017 /

13 neutrinos gamma flare
in excess +1C170922A
No gammas

Some ambiguities in the
interpretation are still there
(no flare in 2015?is it a

peculiar source?...)
26 / 62



TXS 0506+056

Offline analysis (2007-2017)
3.25 BUOG a .- ANTARE
3.00 -'GEJ 15::’00 |nV|S|b|e
5 = e B 240° 270° 300° 330°
‘05‘ 2.75 % 2503 _lt:n _________ | | | |
g 2.50% 200§
g Z.ZSE @ g
Q 150 *2 . .
= Online data-stream analysis
— no coincident event
£ AN ATEL #10773 released by
&2 80 78 76 74 - ANTARES the following day
RA J2000[°]
.03 signal-li i - = 3.4% :
2p?2—§|r?anl)al like events fitted — p-value = 3.4% + time dependent search for
3" most significant candidate out of 107* space-time clustering with the IC
neutrino flare — no excess
observed
* off the published 2007-2015 27 /62

analysis; 87% post-trial ApJ Lett 863 no.2: L30, 2018


http://www.astronomerstelegram.org/?read=10773

Point source searches results

r ’ e d . =g s b e a e s L3 L a ¥ i - ==
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- Right Ascension

100

Southern Hottest Spot =i 1{'}{?;1{] (pfm-r.lfj

1

[TeV~lem ™%

__ UW - pre-trial p-values
A =" T Still not that significant,
___________ Tt but some hints for
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4.” ' .. clustering _—
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Yty
1TeV

leelination
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Point source searches results

90% Sensit. E3

50 Disc. Pot. E73
90% Sensit. E~2

50 Disc. Pot. E~2
90% Upper Limits £
90% Upper Limits £3

=

) -
< e x‘ ! - &— Somewhere between 2-30
s 1070 Il T h e X4 excess
T - -

=&~ h""-.., *
D s

Sy
10 _05/ 5 \1_0

NGC 1068 PKS 1424+240
TXS 0506+056 GB6 J1542+6129

29 /62
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HESSJ0632+057
(a,6) =(98.24°,5.81°)

1.40

PoS(ICRC2019)920

L [TeV’”

dd/dE

v

Y

E

ANTARES 11 years Sensitivity E”, y = 3.0
ANTARES 11 years Sensitivity E”, y = 2.0

-04 -0.2 0 02 04

Combined tracks + showers

Still more sensitive
than IceCube

for soft spectrain
the Southern Sky
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Point source searches results

: Catalog stackin
Astrophysical catalogs g g
» Fermi SLAAC Blazars (1255 sources in FOV) - Nnon Significant excess With
ekenmann et el Apd 20101 radio galaxies and 3LAC
» Star Forming Galaxy catalog observed in v by Fermi (54 in FoV)
[Ackermann et al. ApJ 2012] E_ 8L r.||5}\,-\[4- 1 7 3C403 : 3
» Giant radiogalaxies catalog selected in soft - ray (53 in FoV) B L 1 0 ¥
[Bassani et al. MNRAS 2016] E (D Q J\.. —[rJ CI
» Dust obscured AGN selected in X rays (10 in FoV) ‘ R
[Maggi et al. PhysRevD 2016] ) 2.__ i: I g
HE Neutrino sample | L
» IceCube high energy tracks (55 sources in FoV) -4 | |
(35 tracks from 8 yr up-going muons + 21 HESE 6 yr) B .
[lceCube collaboration, ICRC 2017] % “H = -’--325_51?1'2&09 §n
??_— - O {
POS(ICRC201 9)840 :l:Jas E ‘?Ju' e 3-!5‘ ':hlia' I

RA J2000 []



Point source searches results
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Joint point source search
results

y=2.0 PRELIMINARY
X i E—
8 90% C.L. Sensitivity and Limits for y = 2.0
-g.’ 0.8
H Il 2res vaoks — IceCube 7 years
-‘a 1
& 0o N“J‘ ANTARES 9 years
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0.2 79
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I Center L]
o8 - i e
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2 i ' O
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Center S o2 20

+ constraints on SgrA* in the backup
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Why a km? neutrino telescope in the
sea/underwater?

* Water is optimal for light

— Limited scattering — direct photons

-  Homogeneous medium — easy to simulate, less systematics

— 0.1 degree angular reconstruction accuracy

9f * Neutrino-Showers

* Neutrino-tracks
g : ¢ Swift X-ray
T . 3Lac Sources
= TevCat
%, 3;{ E - ‘.‘-
180" 189
KM3NeT resolution

Ny - ve e
L -

-aa" 34 /62




Why a km3 neutrino telescope in the
Mediterranean Sea/North?

ST High visibility wjth 0.1°
SNRs angular resolution

No counterparts
Molecular clouds

[ ]
visibility for upgoing
tracks

O CX> e

Others
Binary Systems
AGNs
B ‘\‘
/ - Ge i‘nga 1€ 443
180° -+ % -180°
3
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6(|)° 3(|)° o{° -3|o° -6|0° 9'o° By [TeV]

Soft spectra from vy obs.
— lowE threshold analysis
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KM3NeT/ARCA and galactic sources

K‘MSN:eT | ——- RX J1713.7-3946
% ------------- Galactic Centre

Vela, Jr If no neutrino observation
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...."v..‘ a m n n
R R HESS J1614-518 (2) component

KM3NeT | 100% hadronic

1.4 HEVne N
e N e 80% hadronic

TRk AN
i N\ — = 40% hadronic

-
-
a, -~ :
."-. s ~
-
-
-
-

il )

ol H
ol q
-t

0o 5 10 15 20
Observation time [years]

0.8 |- \ \\ K

Discovery potential for potential i \ T< SNR S~

Galactic targets 0 [ N o S
0 2 4 6 8 10
Observation time [years]

koo /10711 [TeV s71 ecm™2]
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Data: 77 selected events
v MC: 67.5 —}— data
M MC: 4 —— atm. muons

KM3NeT current status

4 DUs at the French site

1 DU at the Italian site

Currently working

Analysis of atmospheric muons —»

Selection of atmospheric neutrinos

Integrated muon flux [10° m2 s

=10’

o) KM3NeT preliminary care i tiEe B
> 1 06 . . U 1 0
2 = ORCAT1, 125.3 days livetime o

[()] 5 B T Ly

G>.) 1 0 Eg o 13!!-._1""""""""'"" R

S 10* e all-events

o E --¢-- data

-g 103 = atm. muons

E e atm. neutrinos

— atm. neutrinos

I T T
. 0 0.5 1
[\ cos(zenith_reco) N7

KM3NeT

—

-

I T | T 1 I | T ': T | ] T J ] ]
| © KM3NeT
' = ANTARES
'——- Model

arxiv:1906.02704

| [
3200 3400
Depth [m w.e.]

I L 1 | 1 1 L | L 1 L
2200 2400 2600 2800 3000

1 DU is already enough
to select atmospheric neutrinos

Same fFor ARCA and analysis with
4 DUs already in place
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Follow-up Observations of IceCube Alert IC170922

NTEGRAL MAXI

Fermi | NuSTAR
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i ™ . . - -
AGILE [ =¥ """-\:\ d Swift g
N o :
'\“
. r :
OVRO o . 98 { . ANTARES
£ VERITAS MAGIC
* ’ LEGTLE]
VLA G1C f
\ i Kiso
ASAS-SN A SR .
L ik ;
HAWC F
Subaru -
[
i -
™ s
" |
VLT ' ﬁ
: H.E.S.S’ i A
ASAS-SH T -
SALT™
Observatortes . P
€ Earth Observatory 4+ -
1 Ob t 2"y .a;‘
J pace Observatory l}+*
Detections
4 U Observations with detection
¥ Observations without detection

Credit: N.Fuller/NSF/IceCube




Neutrino searches from
GW170817

i.e. neutrino telescopes also follow-up external triggers

TceCube up-goin

L IceCube down-gom

——— GW (90% CL)
+ NGC 4993
2 neutrino candidate (IceCube)
¢ neutrino candidate (ANTARES)
| === === JceCube horizon
— = ANTARES horizon
[ ]Auger FoV (Earth-skimming)

[ ]Auger FoV (down-going)
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Circumpolar Antarctic flights on
balloon of radio-antennas

— ANITA

interferometric
payload

Not to scale

angles don't
reflect reality

reflected UHECR
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The ANITA detection concepts, figure from Cosmin Deaconu.
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Radio neutrino detection — ANITA,
ARA and ARIANNA
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Radio neutrino detection — ANITA,
ARA and ARIANNA

A Few circumpolar Antarctic flights In-ice allows for cost-effective
—not too far from models, need instrumentation of huge volumes
exposure increase — almost at discovery level
—10 "% oo 5017 107" E e ARIANNA HRA (this work)
,_I'"r" E v lceCube 2018 - == ARIA: 130 stations, 5 years
%1013 ——— ANITA-III 1073 T e o
o - — ANITAIV o 5 | |
E F ANITA I-IV s ) ] A S S — A
510 °F 7 :
% E ----- Nm 107/
_15 ' | 5
% 10 = o
w O 107°¢
e E
= 10716 % i
-ﬂ 9' 10_9 E
LIJ - B
- ©
10" W 10-10 | | ?
= = = m Best fit UHECR, Heinze et al.
N [ Best fit UHECR (+£30), Heinze et al.
1 0—13 i GFK. Kotera 10 1011 B = saa 10% protons in UHECRs, van Vliet et al.
g [ allowed from UHECRs, van Vliet et al.
[ Anlers'12, E_=10%% &V e e L — T —
ol | . | 10° 10° LOF 108 10° 1010 10+
10 T 10'® 1019 1020 12! neutrino energy [GeV]
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2 ANITA events

TABLE I. Properties of the ANITA Anomalous Events

e.g. arxiv:1809.09615

Property AAE 061228 AAE 141220
Flight & Ewvent ANITA-T #3985267 ANITA-IIT #15717147
Date & Time (UTC) 2006-12-28 00:33:20 2014-12-20 08:33:22.5
Equatorial coordinates (J2000) R.A. 282714064, Dec. +20733043 R.A. 50778203, Dec. +38765498
Energy .. 0.6 + 0.4 EeV 0.567 )30 EeV
Zenith angle z'/z 11774 / 11698 £ 073 12520 / 12475 £ 0°3
Earth chord length ¢ 5740 + 60 km 7210 4 55 km
Mean interaction length for £, = 1 EeV 290 km 265 km

psmies > 0.1 EeV) for £, = 1 EeV 4.4 %1077 32x10°%
psm(z > zobs) for e, = 1EeV, . > 0.1 EeV 6.7 x 107° 38 x10°°

i (1-10PeV) : n (10-100PeV) : n.(> 0.1 EeV) 34:35:1 270 : 120 - 1

2 “anomalous” events were observed in ANITA-l and Ill in searches for upward
going showers (ANITA-IV analysis not ready yet) over a bkg of 10

Polarisation signature compatible with neutrino-induced/Earth-skimming
events, but

—no real counterpart in the IceCube signal
—in some tension with predictions
—some possible human-related background could have produced them

Still, intriguing... and radio could be the way to go for EeV 44/ 62



I What was not covered (in Full) here

* Transient events (GRBs, FRBs, ...)
* Indirect searches for dark matter
* Neutrino oscillations

* Atmospheric neutrinos

* Particle physics (and BSM)

* Cosmic ray air shower physics

* Low energy astrophysics
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Thanks For your attention!
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ANTARES event reconstruction

= neutrino energy
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KM3NeT/ARCA event reconstruction

KM3NeT KM3NeT preliminary
210'" u o= 2i AL L IS R R | i
c w E ; i 3
S g1-5F vy CC
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SgrA*
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The track sample

. . . m— lAStro-norm
Influence of nuisance parameters in the fit
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The track sample

Influence of nuisance parameters in the fit
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New cascade analysis

\ 1 | Penetrating g 250 4 South North
10 E N Atmospheric v (downgoing) _F (upgoing)
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AW|true,reco| [°]

Cascade analysis for point-like emissions

ApJ 886: 1 (2019)

0%
m— 50%
2%

~10 degree median angular resolution, but low bkg and
high statistics

+15° |
Nothit significant here
24h / Oh
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—logyo(p)
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Cascade analysis for extended emissions

Galactic Plane 7Tyr Cascades Previous Work

Template p-value Sensitivity Fitted Flux UL p-value Sensitivity Fitted Flux UL
KRA? 0.021 0.58 0.85 1.7 0.29 0.81 0.47 1.19
KRA:E‘;.“ 0.022 0.35 0.65 0.97 0.26 0.57 0.37 0.90
Fermi-LAT ©°  0.030 2.5 3.3 6.6  0.37 2.97 1.28 3.83

dN/dE < E=2 - exp(—FE/E )

oy AN/dE x E~*1 . exp(—E/Eecw)
q Eewe = 50TeV :
g —— Eeut = 100TeV 10-8 - Ecut = 50 TeV == ANTARES 2017
:>o — Feut = 500 TeV PI'.— 1= Ecut = 100TeV  wmmm 7yr Cascades
B3] s No cutoff 2 ] == Eeu =500Tev
I == = No cutoff, ANTARES 2017 5 _g | ™= No cutoff
Sl 5 1077 3
~= _,f — ] = -'H".".
,-:: /’J . 10_1(] A !. -‘- -y
3 -_‘_ = - m E .
SRR S L e S ] Fermi
EE, T 4Lt - Bubbles
5 A i
~ 0 T T T T i
S 1 D 3 4 5 ol NN NG
extension o [°] 102 10° 106 55/62
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The highest-energy cascade event

Partially contained events

— allow for higher energies

— need more sophisticated analysis
to reject backgrounds

6 PeV cascade: candidate found in data |
— candidate Glashow-resonance event . -
(work is still ongoing) .

56 /62
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Low-energy astrophysics

— Properly select event topology

— Search for event in a short time
window corresponding to
transient sources

(a) PeV neutrino interaction (b) GeV neutrino interaction (c) Detector noise event
— ELOWEN [0, 3s5] == |ceCube [-500s, 500s] SK UPMU analysis [-500s, 500s] SO la r Fla re
1061 J
i, = 3.4, Proton spectral cutoff = 3 GeV U.L. Fargion model with <E_ > = 140 MeV
[ X ] 4, = 3.4, Proton spectral cutoff = 5 GeV U.L. Fargion model with <E > = 500 MeV
1059 GW1 708 1 7 ®-@® i, = 3.4, Proton spectral cutoff = 7 GeV
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Low-energy astrophysics

Supernovae bursts would produce a large amount of MeV interaction close to the OMs
— visible as an increase over the optical background rate

5 KM3NeT preliminary KM3NEeT preliminary
; ® ARCA background
® ORCA background ARCA+ORCA, 27 M@
6] 27 M, at 10 kpc ARCA, 27 M©
) 11 My at 10 kpc 100 | ORCA. 27 Mo
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- * on DOM basis S it
£ 101 ! g Whole Galaxy
=
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17 . 5 10
& ")
® &
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10_3-: @ 5 4
3 T T T T T T
i | , | | | | | 5 10 15 20 25 30
4 5 6 i 8 9 10 distance [kpc]
Multiplicity
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also ANTARES and IceCube do perform the same kind of searches



2 more ANITA events (in the standard diffuse
search)

ANITA-IIl candidate: _ ANITA-IV candidate:

= i =
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8 —HPal g
e s
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—— e .l -J_ ' '2:: 'alu' ; 80 IBI:I 1
-10 0 10 20 30 40 50 &0 H
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Baikal-GVD recent results

Date VE.Te\/ Zenith | Azimuth | RA | Dec T Uaix | % m ¥, m | zm

degree | degree

16112015 107 56 131 1395 561447637711 502 497 -607
29.042016| 157| 57 249 1734| 140 1461925647| 251 370 14
21082018 153 49 57 2317 49.1| 1534868736 404 657 938
24.102018| 107 &9 112 413 071540416000 798 61.6 1510
15022019 339 &7 350 684 6191550278144 -480 757 43
i Ly : i 13
ol e A R
! B ;: ™ ¢ ®
B ' : ®
$ 3 : ]
- :

201825 hits E=153TeV, 2016:53 hits, E= 157 TeV.
= D ap==6himyz— 94 m, p=/6m x=-25m, y==37/m,z=| |m, p=44m
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Ashra-1 PoS(ICRC2019)970

log1o ( E2® (E,) / (GeV cm~2571))

Air-shower imaging detection of neutrinos
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Acoustic detection of UHE neutrinos
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