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Neutrino as astrophysical messenger

* Can escape from dense
environments

* Travels unimpeded
through gas and dust

 Does not interact with
CMB and infrared
background

» Stable (does not decay)

* Not affected by
magnetic fields; arrival
direction points to the
source

* High-energy neutrinos
Image borrowed from talk by R. Ruiz trace pl’OdUCtiOﬂ and
acceleration sites of
cosmic rays
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Neutrino telescopes : how they work

* Large arrays of PMTs in
water or ice

 Light produces “hits” on
the PMTs

*V, CC - “Tracks”

« v, v, all-flavour NC

- “Showers”
a.k.a. “Cascades”

* Hit positions and times -
direction

* Hit charge
- energy
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Backgrounds

* Atmospheric neutrinos

- quasi-irreducible - o
background Atmospheric
.7: v.e.
(for downgoing events, sibling 107
atmospheric muons can be used 10° L

as veto)

* Atmospheric muons

- Downgoing only
(Earth acts as filter)

Atmospheric p

~ -2 -1 -1
Flux (cm s sr )
—
=

10™ H = 3880 m.w.__ .
* Environmental background | o =
light: R L
natural radioactivity (4°K), i wﬁ\
bioluminescence, 10" F— 1 induced, £>1 Tev
chemiluminescence N S | N
.. . -1,0 0,8 -06 -04 -0,2 00 0,2 04 06 08 1,0

- Limits low energy sensitivity coso
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The neutrino telescope world map 2020

ANTARES
Deep water §
0.02 km?
2008 —

" _ . N ™ agme  Baikal/GVD
et 1 & T8 Deep water

KM3NeT

~ 3
Deep water 1 km
1 + 0.006 km? o0 half-complete
Construction T T

lceCube IceCube-Gen2
Deep ice Deep ice

1 km3 ~10 km?3
2011 - 2026+

IcECUBE

These neutrino telescopes form Global Neutrino Network -
see talk by Christian Spiering at yesterday’s neutrino session
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lceCube

IceCube Lab Ic/eTop air shower detector
50 meters \:'-}—Z-Tfifi;:-‘-_;"f:";':'ff‘?: Completed in 2010
1 Gton
IceCube Array
86 strings, 60 sensors each
5,160 optical sensors 220 v / day
Ll Threshold:
1,450 meters L DeepCore
erer | é 6 strings optimized IceCube: ~ 100 GeV
o for low energies DeepCore: ~ 10 GeV
Eiffel Tower
¥ 324 meters
2,450 meters

2,820 meters Evidence for High-Energy Extraterrestrial

Neutrinos with IceCube (Science 2013,
342, 1242856)

Neutrino emission from the direction of

the blazar TXS 0506+056 (Science 2018,
361, 147)
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ANTARES

Completed in 2008
12 strings

25 storeys per
string

3 optical modules
per storey

e ~ 12 Mton
Instrumented

== + +#\+ ¢+ ¢+ &+ + + @

885 optical modules on 12 strings

Operating for 12 yr now ANTARES OM:
10" Hamamatsu PMT
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KM3NeT - ARCA Construction started

Digital Optical Module

31 x 3" PMTs
PMT HV

LED & piezo
FPGA readout
DWDM

100 km offshore Sicily
Depth: 3400 m

2 X 115 strings
18 DOMs / string
31 PMTs / DOM

v Uniform angular coverage
v Directional information

v Digital photon counting

v All data to shore

. 144 R :
Total: 128 000 PMTs (3”) photocathode
. . “area similar to
Vertical spacing: 36 m al7”’PMT

Horizontal spacing: 90 m

- Optical background
Volume : 1 km® &N (mainly “K): 5-10 kHz/PMT
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Diffuse neutrino flux observed by IceCube

Cascade analysis

arXiv:2001.09520 N o
— atov, E 2yrsdata,4.1c
m— mC Sum - Science 342 (2013)
atm. p ~
E ~ omw E Byrsdata, 590
- w pomptSy [ Phys.Rev.Lett. 113:101101
— === 90%UL . (2014)
1 4+ data S
1 L 4+2yrsdata, ~10 0
E 1 = Phys.Rev.Lett. 125:121104
. | 1J | F (2020)
i .M
— . i — Threshold ~ 30 TeV
J- - e llll_l_ ------- = B | :
IIIIII 1 1 Illllli 1 I IIIIIII 1 1 LILILIL LI
10° 10* 10° 106 107
Ereco [GGV]
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Diffuse neutrino flux : lceCube + ANTARES

(Ahlers & Halzen 2018) |
% neutrino fluxes

T (per flavor) |
¢ B
o atmo. vy, Vi

3 (before HESE veto)

atmo. v, + 7
| (before HESE veto)

E [GeV]

Adding ANTARES

Total: 50 events, simulation: 36.1 + 8.7
- 1.8 0 excess

Best fit ® = 1.5+1 10° GeV*cm? srt s™

y=2.3+04

:___‘1 0—6 - Vi E? spectrum =
5 :
‘EO B IC 8 years upgoing i

o L IC HESE 7.5 years -
g1 0_? | ANTARES 11 years

>V E 3
O - .
O] 5 h
el

0 B _
o i |
< —8

C10°E E
L = .

10°°E 9 €
[ L I L1 | *,

10° 10° 107
E, (GeV)

(D. Samtleben Neutrino 2020)

Ap) 853 (2018) L7
arXiv:1711.07212
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Declination

Point-source searches

Some evidence for non-uniform skymap in 10 years of IceCube data
(3.30). Mostly resulting from 4 extragalactic source candidates.
No indications for galactic sources

- ANTARES E 2 Sensit. === 90% Sensit. E=3
107"y ——. ANTARES E % Sensit. —— 50 Disc. Pot. E-3
. | 90% Sensit. E~2
("Oﬁ 50 Dise. Pot. E~2
- é 90% Upper Limits 2
-0.30° = i =
| " 3.0 80 90% Upper Limits £—3
' - -
-2.30° L 1 =T N I | By
ém& |00
42,;570 i ht[ﬁma . 38,:870 . v 'v' v ": V"!’ ; Yy ¥ "
ight. Ascension | . - “m_'ﬁ‘_"l_/
v
Strongest excess | ) EER A s h
. v h
(2.6 0 post trial) close to RO AN QS o LA
alaxy NGC 1068 (cross 10~13 : — . |
gaiaxy (cross) 1.0 0.5 0.0 05 1.0

PRL 124, 051103 (2020), arXiv:1910.08488
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lceCube 170922 / TXS 0506+056

0.1° off the position of the
known y-ray blazar TXS
0506+056

(]
s o SEIEREIE

=4 JubhBSdEiE T 7
BRAITTE
el L R
. .

AL Ll [ L I T T T T

®-8800 -....‘.. ®
®

Most probable energy of
the neutrino ~290 TeV

5000000 s "
:
- IIT)
bk ks L L L
A
L el

ALl L LT TP
e .9

MLLLL T

Fermi detects a flaring

22 September 2017, 20:54 UTC blazar within 0.06°

original GCN Nofice Fri 22 Sep 17 20:55113 UT 10
M AG |C F i s refined best-fit direction IC1709224
6.6 N — |C170922A 50% - area: 0.15 square degrees 9
detects emission of 6 — IC170922A 90% - area: 0.97 square degrees g
> 100 GeV gammas i >
6.2° = 17 &
; =
= g " w0
T 5.8° = = 5 E
5 2 £ S 3
i ] 2 4 O
o 15 tes =
il S 3 E
0 = Ty
= 2
—1
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o 1
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78.4° 78.0° 77 6° 77 .00 76.8° T6.4° 78.4 78.0 . 7.6 7?.:2 76.8 T6.4
Right Ascension Right Ascension
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TXS 0506+056

the first known source of high energy neutrinos

High-energy IceCube v coincident with a y-ray flare from the blazar

TXS 0506+056 (22/9/17) IceCube Collaboration, Science 361,147-151 (2018)

1IC40 IC59 IC79 IC86a IC86b IC86¢c
5 [ | [ | [ | [ | [ | -
»=u1 IceCube-170922A 4o
4 - . . = 3.70
o Gaussian Analysis ‘
o 34 = Box-shaped Analysis k3o
O.)"_ n
2 2 - [ ]
| = 20
1 - :
[ fl.- 1(j
0 1e —'f‘::'."’_’-}-_"."’ —_— . r— T Y —
2009 2010 2011 2012 2013 2014 2015 2016 2017
A. Albert et al., ApJL 863, L30 (2018)
A 1° B 607 i 1
0 —
T .| NN . 7 =0.34
% 3.0l s _ .
= n 2 B ; =
T 2 E - e 5.69° 2
o, 205 10 * | | g
= | z |
SN . B . 4.69°
0.0 0 0.0

78.36° 77.36° 76.36°

Right Ascension
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% Gigaton Volume Detector at Lake Baikal

Baikal-GVD (Gigaton Volume Detector) is a cubic-kilometer scale underwater
neutrino detector being constructed in Lake Baikal

N

il i v i
i L N bl i \
I i &b 0 W
| 8! .
) ! N
) -ll"l".l i i %

M “ l\ Wl lm* | ’%" -

66666
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Baikal-GVD collaboration

10 organisations from 5 countries, ~70 collaboration members

HHH!H

Institute for Nuclear Research RAS (Moscow)

Joint Institute for Nuclear Research (Dubna)

Irkutsk State University (lrkutsk)

Skobeltsyn Institute for Nuclear Physics MSU (Moscow)

Nizhny Novgorod State Technical University (Nizhny Novgorod)

Saint-Petersburg State Marine Technical University (Saint-

Petersburg)

* Institute of Experimental and Applied Physics, Czech Technical
University (Prague, Czech Republic)

* Evologics (Berlin, Germany)

« Comenius University (Bratislava, Slovakia)

* Krakow Institue for Nuclear Research (Krakow, Poland)
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Railway stop “106 km” of
Circum-Baikal railway

Telescope is located
3.6 km away from shore

Constant lake depth:
1366 - 1367 [m]

Water transparency:
 Absorption length: 22 m
e Scattering length: 30 - 50 m

Stable ice cover for 6-8 weeks
in February - April

 Detector deployment

 Maintenance

Baikal-GVD site
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% Baikal-GVD detector layout

CLUSTER: Cluster STRING
8 strings * Consists of 8 strings

T * 60 m step between strings

i * Acts as independent detection

o unit
* Central electronics (power,

trigger, data transmission)
located at 30 m depth

o, 2 I
??999@9?9999
SWO CT :UoI131d3S

8

§ § § * Hardware trigger: N

$ g 2 4.5 p.e. + 1.5 p.e. on adjacent s

. ‘é g OMs in 100 ns window O§

& 8 ¢ 8]
ﬁ § § g% : §§ String g

g 3 * 36 OMs, depths from 750 m to > $

§ ¢ ¢ 1275 m

| Lg 1§ e 15 m step between OMs 3
[ I 8 i * All OMs look downward g

i i’* « Acoustic and LED calibration 1

devices
120 m  Anchored at the lake bottom
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Baikal-GVD optical module

&

Manometer F > “ Ry )
, x /" = H Vacuum valve
SubConn connector J/ e | {
q i S ' Temperature
[ Accelerometer, ] _ sensor )
L compass T =~
g T OM controller
» \r ;I n’ | | Steelframe ]‘-~> P e HV board
| Hermetic seal Klg
- !
i e L [ PMT Hamamatsu W ﬂ" e[ Gel lens
- R7081-100 e /
"“ 1‘}“«: i S J i JJ'..
=V \[ Calibration LEDs

Glass
hemisphere
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Calibration LEDs

By —
SubConn connector ﬂ"%‘ ¥ —%
’
- )
Accelerometer, - g sensor
compass

Steel frame  |—_ ﬂ =
‘s

Hermetic seal

!

PMT Hamamatsu Pt B
R7081-100

Laser
532 nm, 0.37 mJ, 1 ns

o OM controller
£

-200- °

£
> -400-

-600 -

Calibration devices
Hydrophones

for acoustic positioning
(4 per string,
~ 20 cm precision)

LED beacons for time calibration
(2 per string, 2 ns precision)

Baikal-GVD 2020

top view B~ 2016 laser event
e e Cluster1 : St F R
. e Cluster 2 3 . : 8 :
* i ¢ Cluster 3 u
¢ Cluster 4 _
* Se e e Cluster5 _
L I - e Cluster 6 [
, e * ..., y tﬂns
- ¥ Tech. strings
s . with 1 or 2 lasers LASER
B on each string
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Despite harsh ice
conditions this winter

two new clusters were
deployed (596 OMs)
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< Baikal-GVD construction status and schedule

Deployment schedule

-2016 Total Total
number | number | Number

-2017
22018 Year of of of OMs

22019 clusters | strings
-2020 2016 1 8 288

2017 16 576
i !Ef:' 2018 24 864

750 m

2019 40 1440
sasm | siom 2020 26 2016
wom| 2021 2 2592
L 2022 11 88 3168
ourivo 2023 13 104 3744
2024 15 120 4320

©O N U W N

90 m

300 m step between clusters Effective volume 2020: 0.35 km?®
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% Track analysis

event rate before quality cuts
: . . . i |
Fit track with quality function (dominated by muon bundles)

9 quf Baikal-GVD, 2016
Q — X (t) _|_ f(q, r) 8_ preliminary
T
) ) @
Neutrino selection: 10
e cut on zenith angle
* cut on fit quality
10°F
upgoing: 6,_.. > 120 deg. e
— atm. muon
o 10°  Baikal-GVD, 2019 104k
o) - 323 d. single cluster livetime = —e— data
o B iminar ol b b b b b b o b
@ prefminaty 1 —0|.8 —O|.6 4>|.4 4>‘.2 cl) 0!2 0?4 0{6 ol.s 1
2 IR cos(zenith angle)
D, o upgoing downgoing
o 102 atm. neutrino MC
E'. E —@— data
Q
= | Fair agreement with MC predictions
i Neutrino selection works as expected
‘ A likelihood-based reconstruction

keep Is in development
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Muon neutrino : single-cluster analysis

 Data taken between Apr 1 and Jun 30, 2019
* Live time: 323 days (single-cluster equivalent live time)

—
o
T 17T

rate [ev. per year per bin]

—
2
|

Baikal-GVD, 2019
323 d. single cluster livetime
preliminary

atm. neutrino MC

—@— data

~

MC expected: 54.3 A
atm. neutrino : 54.3
atm. muon: <1

—0.6

0.4 -0.2

cos (zenith angle)

0

\Observed: 57 )

Fair agreement with
MC prediction for
atmospheric neutrino

Angular resolution
~ 1° or better
(single cluster)

Multi-cluster analysis is in preparation
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Muon neutrino candidates

late
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~ — early
Cluster 3, run 122 cluster 1, run 157 cluster 4, run 99 cluster 5, run 162

evt. 1549343 evt. 1414137 evt. 438088 evt. 1939721
ezenith = 169780 ezenith = 161780 ezenith = 162220 ezenith = 148070

Natrings = 3 Notrings = E Netrings = 3 Netrings = 3
Nstrings = 19 Nstrings = 15 Nhits = 18 Nhits = 13
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Analysis sensitive to all-flavour CC
and NC interactions over the whole sky

neutrino effective area for cascade detection
10°

All Sky GVD-2020 (7 clusters)

[y
—
o

iy
h

|

[
[—

Neutrino Effective Area, m”
[

ke
S S =
b L L

15 2 25 3 35 4
Neutrino Energy logl0(E/TeV)

b T T T T

Glashow resonance not included

Effective volume for > 100 TeV cascade
detection has reached 0.35 km3!

High energy cascades (expectations)

Assumption for astrophysical neutrino
energy spectrum (lceCube fit):

4.110° E24GeV1lcm2stsr-!

Expected number of cascade events per year
per Baikal-GVD cluster

5 1
- f—-—._l_‘ N,;>20
2 100 H__—i'i‘:iﬁ—a
é ; (Ve+v,,)at\;|_l_‘ H—._I_I_‘ 246
g 10—2 : _I_‘ i_l_l_';'—l—_l_‘
= B
103 LI_'—L L
.
10
- j—L‘_
1 1.5 2 2.5 3 3.5 4
logl0(E/TeV)

* 0.6 cascade events with E>100 TeV
and N, > 20 are expected per year

per cluster
4.2 events per year for 7
clusters
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High energy cascades (data)

Data from 2016, 2018
and 2019 (4 months),
exposition: 1364 days

7 candidates with E > 100 TeV and
Nhit >19 (+ 5 more events found in
later 2019 data)

2 upgoing cascades: E = 91 TeV

25 3 and E = 23 TeV
logl{E/TeV)
‘E 6 Ex10 TeV = 100
o . S L Cascade angular resolution
G5 M ° e for E~100 TeV: ~3-3.5[°]
& T o
4 % i o0
= °
3 £ ° o
2 c 4 °
E=60 TeV g ’ %000t 0e Serag,e,
‘ ||| £
9708 06 04 02 0 02 04 06 08 I I
cos @ - S A

upgoing downgoing ° log (E 7[GeV])

10" sh

NB: Contribution of atmospheric muon & neutrino backgrounds is under evaluation
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A neutrino candidate

E~91TeV
upgoing

Cluster 1
May 23, 2019

Cascade event

well contained

within a GVD cluster
(50 m off central string)

Reconstructed as
upgoing with a shallow
zenith angle

(19° below horizon)

Excellent candidate for
a neutrino event of
astrophysical origin
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Conclusion

First discoveries by IceCube lead to further questions
— The origin of the diffuse neutrino flux remains unknown

— Physics mechanisms of neutrino production in TXS 0506
remain uncertain

Baikal-GVD and ANTARES/KM3NeT complement
lceCube, providing for a full sky coverage, improved
angular resolution and point-source sensitivity

Baikal-GVD is now the largest neutrino telescope In
the Northern Hemisphere: 0.35 kms3 and growing

Observations of atmospheric neutrinos by Baikal-
GVD agree with expectations; some first astrophysics
neutrino candidate events have been shown
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Backup slides
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A neutrino production scenario




Distance [Mpc]

Highest energy radiation in the Universe

microwave optical X-rays gamma-rays neutrinos Ccosmic rays

s

o i S

—— .

terra incognita:

only revealed by
neutrinos

= =
o o
= N

[
o
o

- \\ =)

-
o
.

10 10* 102 10° 10% 10* 10° 10® 10 10% 10 10%® 10'® 107
Energy [eV]

F Halzen, Neutrino 2020

Universe is opaque to photons above ~100 TeV energy
(due to interactions on CMB and EBL photons)
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AGN origin of the diffuse neutrino flux?

50%

20%
10%
5%
2%
1%
0.5%

p-value

0.2%
0.1%
0.05%

0.15 0.2 0.5 1.0 1.5 2.0
SminUY]

Figure 2. Pre-trial p-values for a range of VLBI flux density
cutoffs. The threshold values Smin split the interval 0.15-2
Jy into ten parts uniformly in log-scale. The lowest p-value
of 4-10~* is attained for the threshold of 0.33 Jy.

A. Plavin, Y. Kovaley,

Yu. Kovalev, S. Troitsky:
Directional association of TeV
to PeV astrophysical neutrinos
with active galaxies hosting
compact radio jets,
arXiv:2009.08914, subm. to
Apd
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Topology of events (track/shower)

Track-like * A Angular resolution:
~0.1° (full, E>10 TeV)

Vi CC interactions

Energy resolution:
<0.5 (log E,)

Vi

Shower-like
- .

v., V. CCinteractions . ‘; o :-.' o Angular resolution:
vy NCinteractions : o/ iBease o ~3° (full, E>10 TeV)

R,

oy ] - .
Ve X ;nga:. » Energy resolution:
L]

(E.) ~25%

1st CTAsymposium- M. Spurio
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Diffuse neutrino flux

s 4
+ 'E %  HESE (7.5yr, Xv, pp, >60TeV)
> ®© M MESE (2yr, D v, pp, >25TeV)
-e- ® Tracks (9.5yr, v,, >40TeV)
3 | A Cascades (6yr, ve+ v, pp, > 16TeV)

Cascades (6yr, Ve + vV, pY, > 16TeV)

1 | ===- Cascades, South
-=--- Cascades, North ($pprompt =0)

------- Cascades, North

| | :
2.2 24 26 2.8

arxiv:2001.09520
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Flavour composition of the diffuse flux (IceCube)

v, v, v at source o

the best fit flavor
composition
disfavors 1:0:0

at source at 3.6 o
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lceCube High energy starting events — 7.5 yr

— HESE with ternary topology ID ‘-'.’G

% Best fit: 0.29 : 0.50: 0.21 1.0
— Sensitivity, E *’ spectrum o
# 1:1:1 flavor composition

WORK IN PROGRESS

0.2
<
o
¥+ 4 OID
o v ™ © @ Q
) o Q’ ) S) ~

Fraction of v,

oscillations of PeV neutrinos over cosmic
distances to 1:1:1
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Sample:
e 2007 — 2015
* livetime 2450 days

 All-flavour analysis
(track+showers)

tracks

Expected 13.5

background

Expected
signal

Observed 19

1.60 excess observed:;

3-35

ANTARES — diffuse flux

showers
10.5

3-3.5

14

null cosmic rejected at 85% CL

= 10°

—
o
™

—_
o

T IIIHII

—h

Events per bin (2007 - 2015

—
2

10

—

Events per bin (2007 - 2015)

—
9

1072

Tracks

ApJL 853, L7 (2018)

— Data

T TTTIIm

T IIIII[i

..........................................................................................

&== Atmospheric MC

—— Cosmic MC (I'=2)

E — — Cosmic MC (I"'=2.5)

6
Eny [2:U.]

= Data

=== Atmospheric MC
= Cosmic MC (I'=2)
— — Cosmic MC (I'=2.5)

5
Iogm(Eshower/GeV)




Point-like source search with ANTARES

Data sample: 2007 - 2015

Livetime: 2424 days

All-flavour analysis: 7622 tracks, 180 showers
median angular resolution <0.4° for tracks
(E,>10 TeV), = 3° for showers

* Potential neutrino sources
B IceCube events

3¢ ANTARES tracks

@ ANTARES showers

' i . " " y
e LML S o LN o
B nehle wk. R
- LR cnw
24h = e RS T
¥
B .

Galactic Centre:

15° x 20° ellipse semiaxes (Gal. lat.x
Gal. long.) No statistically significant excess

Phys. Rev. D 96, 082001 (2017)
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Point-like source search wit

Most significant cluster of the w0
full-sky search (1.90 post-trial

significance) —_
o = 343.8° 6 = 23.5°

]
SN

-5
£110 s ANTARES 2007-15 sensitivity
a ANTARES 2007-15 sensitivity (E < 100 TeV)
‘\-'E ANTARES 2007-15 limits (candidate list)
o ANTARES 2007-15 limits (candidate list for HESE events)
> & ANTARES 2007-15 limits (1- declination bands)
8 IR || shsusinmeaesin IceCube 7 years sensitivity [ApJ 835(2017)2 151]
g‘ IceCube 3 years MESE sensitivity (E_ < 100 TeV) [ApJ 824(2016)2 L28]
u IceCube 7 years limits [ApJ 835(201'?)2 151]
:é B
5107 &
o —
w u
10—3 é AL - -:o
10° ! D ¥
: : N -|I‘ﬁ|,|
= M S meent? =
e 1. % I T T AN YT T N YT T T N TN T M [N T I N T N N NN T A [N MY Y [N T M [N T N
10 | | | | | I | | |
— 0.8 6 04 -0.2 0 0.2 04 0.6 0.8 1
sind

Sensitivities and upper
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Neutrino absorption in the Earth
doi:10.1038/nature24459
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At E > 100 GeV, neutrino absorption limits the telescope’s sensitivity
for upgoing events (thus limiting field of view)
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Atmospheric neutrino fluxes
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v Gen2-Radio
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KM3NeT : two detectors at two sites

Construction started

* KM3NeT = km?® Neutrino Telescope

Cities and Sites of KM3NeT .

FARCA/ORCA .

ORCA (Oscillation Research
with Cosmics In the Abyss)

ARCA (Astroparticle Research
with Cosmics In the Abyss)

ORCA 23 m
ARCA 90 m

6m
36 m

2450 8
3400 1000 230

2070
4140

Mass hierarchy

Astrophysics
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KM3NeT assembly and deployment

A

\
Penetrator sp.

]

Top hemisphere
Pressure gauge
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structure (top)

Cooling system (1/3) ==
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‘ PMT support KM3NeT
\ \ structure (bottom)
\PMT and base \ Bottom hemisphere

Light collection device Watch https://www.youtube.com/watch?v=tR8jwgG6uzk

* Rapid deployment
https://youtu.be/7HKHWOhLxt4 ° AutonomOUS Unfur|lng
https://youtu.be/g2Y0OKD3kdXs

https://youtu.be/xTj4ILMV1Fw ° Mu|t|p|e DUs can be dep|0yed
https://youtu.be/XFPCfCoTfUg |n one sea OperatIOn
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https://youtu.be/7HKHW0hLxt4
https://youtu.be/g2Y0KD3kdXs
https://youtu.be/xTj4lLMv1Fw
https://youtu.be/XFPCfCoTfUg

ARCA - angular resolution

Tracks Showers
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~ 0.1° angular resolution for tracks (E>100 TeV); ~ 2° for showers
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Sensitivity to point-like sources
J.Phys. G43 (2016) no.8, 084001

KM3NeT preliminary lceCube sensitivity, 7 years
— 10" I
W 1:: KM3NeT/ARCA sensitivity, 6 years
o -
r.E: B Antares sensitivity, 9 years
= = ]
@ //
S
e 1G = —
o = =
L - -
. ~ .
=) B i

H

Q

E2 Spectrum

10 ] 1 ] 1 | | ] L ] ] ] ] 1 1 | ] 1 ] 1 |
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sin(d)

Better sensitivity (for equivalent exposure) and better sky coverage than IceCube

Visibility of Galactic Plane + Galactic Center
Better angular resolution in water will help the source identification
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Supernova monitoring with KM3NeT DOMs

' ORCAbdg e Count coincidence signals on
SN 10kpe, 27Mo individual Optical Modules

SN 10kpc, 11Me

* Look for a temporary rise of event
counts where 6-10 PMTs fire
together (~ 100 events in 0.5 s)

* This method is sensitive to ~ 10 MeV
anti-neutrinos from core-collapse SN

KM3NET PRELIMINARY

06 8 10 12 | 1'? = « Main background are K-40 decays
multiplicit -y
KM3NET PRELIMINARY Y (= 1 MeV, low multiplicity) and
100 _ atmospheric muons (~ GeV-TeV,
Galactic center  — mconen 27 high multiplicity)
so- i — R
) — ofca, 1 5 o detection possible
In case of SN explosion
< in our Galaxy
“ 10
M. Lincetto, M. Colomer et al., Neutrino 2018
5_
3 IceCube & Baikal-GVD can do this too

5 10 15 20 25 30
distance (kpc)
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To Shore
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Absorption cross section, m?

Water optical properties
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GW170817 follow-up

GW170817 Neutrino limits (fluence per flavor: v + ;)

GW170817 - neutron star merger, first 00 ——
. ) ) ) . +500 sec time-window |1
gravitational waves detection associated with i ANTARES
gamma/optical/radio signal & O T Bakal T N
[Phys. Rev. Lett. 119, 161101] 5 10} cecwe T ger
% 100 i 0 . s ‘uﬁ“--___h —
B. P. Abbott et al., ApJL 848 (2017) L12 P ) - Kimura ct al. |
A. Albert et al., ApJL 850 (2017) L35 & g .
102 {Kimura et al. ’ . .. Kimura et ali
0 EE optimistic }-—-7,\’:_\ ° prompt
Search for neutrino events with Baikal- 10°y - —
GVD in cascade mode _ 10} T B s e
e no events within + 500 sec window |§ 10! L ANTARES | I
* no events in 14 days window after the merger 2 100 Lo [T g
< :\"1L‘.[:’_}:7L,'I'
:E:L‘ _1 30 days ]
Upper limits on the neutrino flux at 90% CL have & " Fang &
been derived assuming E spectral behavior and 1072 17 day timewindow \l‘j’n“
equal flavor flux _ 0T 07307 107 105 10 107 107 10° 10™ o
[JETP Letters, v.108, issue 12, E/GeV

arXiv:1810.10966]
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