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Detection Principle — M. Markov 1960
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e Detection Modes — cascads&muons

o e X — cascades
vi+ N— T~ + X = cascades
u- + X - track + cascade

NC
v; + N> v, + cascade

u/casc. ~ 1/3 for 1:1:1




e Cascades Detection Mode

v'Cascades from v, . & v (NC):

= Point-like, strongly anlsotroplc
light-source
- cascade size proportional to ~InE |

Cherenkov radiation

Probability function

_

cascades

(but LPM-effect for >20PeV!)
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= Detection efficiency strongly sos |~ 100Gev
depend on environment =

properties (water/ice).
" Angular resolution ~2°-15°
= High energy resolution ~10-20%




* Environment properties

» Light absorption:
L.~ 20100 m
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= Density of light-sensor arrangement
= Keeps angular distribution of light flux

absorption coefficient, m
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=  Keeps time distribution of light flux, but

filtering for case with deep minimum
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* Environment properties

» Light absorption:
L.~ 20—100 m

(~Ta)
exp Labs 0.15 — '

TZ 0.1 ~

0.05 [

absorption coefficient, m
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= Density of light-sensor arrangement _ 4
= Keeps angular distribution of light flux s & 0w e
= Keeps time distribution of light flux, but

filtering for case with deep minimum




* Environment properties

» Light scattering: g
L.~1—-70m ks
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= Additional effective absorption
= Distortion of light arrival time distribution
= Distortion of angular distribution



Water (Baikal):
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 Background

= (Cascades from atm. Muons
= Multiple muons of atm. muon bundles
= Atm. muon neutrinos
=  Atm. electron neutrinos
(Ve/V, ~ 1/20)

Search strategy — looking for upward going muons



Detector response
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Выступающий
Заметки для презентации
Measuring system of the telescope provides the measure of pulse shape of each photodetector. 
Pulse shape analysis allows to estimate the time and charge of the recorded signals.
An example of high energy cascade presented in this figure.
A color indicates time of registration
Neutrino signal is presented as near-vertical up-word going muon and inclined up-going muon 
Main sources of background for neutrino detection are downward going muons and muon bundles. 






Studies with cascade detection mode

Diffuse neutrino flux

Search for local sources

Search for neutrino flavor composition
Neutrino cross-sections
Multi-Messenger studies
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The neutrino telescope world map 2020
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Construction
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lceCube

IceCube Lab IceTop air shower
= - - - _détector
iy g :
50 meters el e Completed in 2010
IceCube Array 1 Gton
86 strings, 60 sensors each
| 5,160 optical sensors 220 v / day
| /
1450 meters HUHHT DeepCor'e. | Threshold:
6 strings optimized IceCube: ~ 100 GeV
. for low energies .
> g 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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FO||OW-up AnaIySiS (HESE - High Energy Starting Events analysis)

Specifically designed to find these contained events
Analysis of dataset taken from May 2010 to May 2012 (662 days of livetime)

\eto
4/

» Explicit contained search at high
energies (cut: Qot=>6000)

» 400 Mton effective fiducial mass

» Use atmospheric muon Veto

» Sensitive to all flavors In region
above 6016V

» Three times as sensitive at 1 PeV

» Estimate background from data



_ . Science 342, 1242856 (2013) _ _
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Diffuse neutrino flux observed by IceCube (HESE 7.5 years)

arXiv:2011.03545
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Search for Neutrino Sources Using Cascade Data

arXiv:1907.06714 Angular resolution Al Sky scan
o . No significant clustering was observed
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M Bustamante & Extracting the Neutrino-Nucleon Cross Section using IC showers
.Connolly

arxXiv:1711.11043

Laboratory measurements up to 350 GeV.
6 yr. HESE sample with 58 cascades
with energies (18TeV — 2 PeV)
Neutrino-Nucleon CC cross section

Neutrino-induced showers
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* Partially-contained cascades

IceCuUBE

L. Mohrmann

Hadronic cascade

/

Muons

— Mesons
K

012 . ‘|013 . ‘|014 ]015 016 ‘|017 - '|018
E [eV]

M. Santander - Recent results in high-energy neutrino astrophysics with IceCube — Neutrino 2020



s' Partially-contained cascades First Glashow candidate event ~6 PeV

IcECUBE Paper coming soon

L. Mohrmann
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M. Santander - Recent results in high-energy neutrino astrophysics with IceCube — Neutrino 2020



ANTARES
. Completed in 2008

o « 12 strings

o « 25 storeys per string

. 3 optical modules
per storey

« ~ 12 Mton
instrumented
volume

885 optical modules on 12 strings

Operating for 12 yr now ANTARES OM:
10" Hamamatsu
PMT of 29



ANTARES Coll. PoS(ICRC2019)891.

Track and shower data sample.

Diffuse neutrino flux

50 events has been selected (27 track-like and 23 shower-like
events) as cosmic neutrino candidates. The observed excess has
a significance of 1.80. For the cosmic flux The best fit parameters
obtained for an unbroken power law spectrum are: I = 2.3 (+0.4
-0.4) and ©,(100 TeV) = (1.5£1.0)107 8 GeVt cm=2 s ~1 sr7t

Diffuse fluxes

—~0° Vas E* spectrum E
UL'J =
'En IC 8 years upgoing il
o IC HESE 7.5 years —

g 7 ANTARES 11 years
>1 O -
[} =1
g ]
i o
o _

< 8
3107 s
L -
102k ¢ —
B [ 1 Lol %
10° 10° 107

E, (GeV)

Energy distributions of tracks and cascades

2

— Data

= Atmospheric MC

— Cosmic signal

Events {2007 - 2018)
3

ANTARES

10 Preliminary

T T TTTT T} III:I| T IIIIII|

Events (2007 - 2018)

2

=k
L=

ANTARES
Preliminary

— Data
- Atmospheric MC
= Cosmic signal

Blue - IceCube HESE analysis.
Green - IceCube up-going track.
Red - ANTARES 11 years.




Searches for point-like sources with 11 years of ANTARES data

ANTARES Coll. PoS(ICRC2019)920. Full-Sky Searc
el N
Combined analysis of track and cascade events! g ’l“‘ 4
90 % C.L. upper limits on the fluxes Xk ,
from the investigated astrophysical -'-’f::::;;;;;__:;";:é'. e IVINARY g
H H . . e mlw =-90° -Iogm(p-value}
candidates(blue dots) as a function 90 % C.L. upper limits and sensitivities
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= [N FHVHNARY =  ERHEEIVHNZANY e Sky map in equatorial coordinates
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KM3NeT - ARCA Construction started

100 km offshore Sicily
Depth: 3400 m

2 x 115 strings

18 DOMs / string

31 PMTs / DOM

Total: 128 000 PMTs (3”’)

Vertical spacing: 36 m
Horizontal spacing: 90 m
3
Volume : 1 km

Digital Optical Module

31 x 3" PMTs
PMT HV

LED & piezo
FPGA readout
. DWDM

v Uniform angular coverage
v" Directional information
v" Digital photon counting
v All data to shore

photocathode
area similar to
al7’ PMT

@ptical background (mainly
K): 5-10 kHz/PMT
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arXiv:1601.07459 _ _
ARCA vertex resolutions for contained v, events

| Distance to interaction along the shower axis vs EV | | Distance to interaction perpendicular to the shower axis vs E_ |
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Significance as a function of KM3NeT/ARCA (2 building blocks) The discovery flux at the 5o level as a function of the
observation time for the detection of a diffuse flux of

neutrinos. corresponding to the signal reported by IceCube
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____________________________________________________________________________ cascades
| combined
i Vi cONventional uncertainty]
Vi Prompt uncertainty
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i ol
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Observation time [years]

]
3.0

declination (red line) for 3 years of observation time, and is
compared with the discovery flux obtained for the track
analysis.

= ARCA Discovery potential (6c), 3 observation years:
& [ KM3NeT
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10 institutes
~ 70 members




6‘ Baikal-GVD construction status and schedule

Deployment schedule

i T - @ Total Total Number of
. number of | number of OMs
M 5 clusters strings
@ -2019 2016 1 8 288
750 m € - 2020
2017 2 16 576
2018 3 24 864
- 2019 5 40 1440
2020 7 56 2016
525 m 540 m 2021 9 72 2592
36 OM
2022 11 88 3168
! 2023 13 104 3744
90 m B Ostankino
Tower 2024 15 120 4320

3
300 m step between clusters Effective volume 2020: 0.35 km



Neutrino Effective Area

Cascades detection with GVD

Distribution of mismatch angles

lceCube HESE
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Energy spectrum of astrophysical neutrinos
measured by IceCube:

4110 E24%GeVlicm2slsr-t

Event selection criteria
(Eq, >100 TeV, N,;; >20):

~0.6 events/yr with 1 cluster

~ 3-4 events/yr with 7 clusters
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astrophysical neutrinos for 1 yr. observation
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Energy distribution
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= exposition: 2294 days
§ | ““ ‘ ‘ 12 events with E > 100 TeV and Nhit >19:
1 12 14 16 18 22 24 26 28 3 > events — cascade events
1g(E/TeV) 7 events — cascade events with muon pattern

Cosine of zenith angle

Events
('S ]

H .b) -
wn W A
[T

=]

II[I TTTTT I T

2 upgoing cascades: E =91 TeV
Nu>19 OM and E =23 TeV

1S e N

H_

Il I lﬂm

4 2 02 04 0.6 08 1
cos 8.,

0.8 0.6

of 29



Baikal GVD: examples of first results

The first clear cascade event from the interaction of an upward
moving electron- or tau-neutrino at the 100 TeV scale (91+10) TeV o
Preliminary

Contained event
Reconstructed energy E = (91 £+ 11) TeV

Zenith angle 6,=109°
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° 6,=109°

-20
—40
-60
-80
19950 80 60 40 20 0 20 40 60 80 100
X, m

=
H‘\H|\I\‘I\I‘\I\|H\‘HI‘IH|\I\|I\I

]

)
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Baikal GVD: Multi-Messenger Studies with cascades

Follow up IC and ANTARES alerts: arXiv:1810.10966
see Posters
ID=101 - ato V.Dik et all for Baikal-GVD

GW 170817 Neutrino limits (fluence per flavor: vy +7,)

ID= 62 - Sergio Alves et al .../ ANTARES+GVD 10°F | sNTaRES £500 sec time-window |
'T— 0% 7M Auger -
. . E I ceLeunce ] 3
No neutrino events associated o Wplede ™ T |
with GW170817 have been observed O, 1% g e e I
. . . ~ g1 ¥ . moderate 4
Using cascade mode within + 500 sec GO el o moderst
window and 14 days after the neutron 07 Kimuraetal. V%o Kimura et al
) A nl (‘Jp 1Imistic m pl‘O]Tlpl
star mergetr. 10 E
Baikal Auser
. 107} — £
Assuming E-2 spectral behavior and L oal = {l _
equal fluence in all flavors > e -
- . o 107 —|_‘_Ji Fang ‘\.
upper limits at 90% c.l. have been oo s
derived on the neutrino fluence from . | Fang &
GW170817 for each energy decade. 14 day time-window / |’
103

107 105 107 105 10° 107 105 10° 10 10!
E/GeV
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