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Baikal-GVD neutrino telescope

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

11 organisations from 4 countries, ~60 collaboration members

* [nstitute for Nuclear Research RAS (Moscow)

* Joint Institute for Nuclear Research (Dubna)

* Irkutsk State University (Irkutsk)

» Skobeltsyn Institute for Nuclear Physics MSU (Moscow)
 Nizhny Novgorod State Technical University (Nizhny Novgorod)
e Saint-Petersburg State Marine Technical University (Saint-Petersburg)
* Institute of Experimental and Applied Physics, Czech Technical
University (Prague, Czech Republic)

LATENA (St. Petersburg)

INFRAD (Dubna)

Comenius University (Bratislava, Slovakia)

Institute of Nuclear Physics ME RK (Almaty, Kazakhstan)
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Physics motivation
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The primary goal of large-volume neutrino
telescopes like Baikal-GVD if the study of high-
energy (TeV - PeV) neutrino flux

High-energy (HE) neutrinos are produced in

cosmic-ray pp or py interactions

* In Earth atmosphere

* In the vicinity of the remote powerful
acceleration sites

* Along the CR path

Astrophysical HE neutrinos do not loose energy or
deviate and can provide direct probe of particle
energy scale near identified remote source



Neutrino telescope network
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Detection principle

Sparse array of photodetectors in natural
water(ice) reservoir

Cerenkov light from charged particle
produced in neutrino interaction is detected

Neutrino event types:

Tracks (CC, v, v;):
 Good angular resolution: ~0.3° - 0.5°
* Poor energy resolution: 200-300%
* Increased sensitive volume due to
muon propagation range

Cascades (CC v, v, NC):
 Moderate angular resolution 3°-10°
 Good energy resolution: 5-30%

Cherenkov cone
[ ] @] @]

Upgoing muon
in Baikal-GVD.

spherical Cherenkov front
o o o @® o

Cascade
in Baikal-GVD
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e Backgrounds
W p, He, ... atmospheric L

Atmospheric muons: bundle of downgoing muons from CR

: : \ /
Interaction \)Q
 Background to all neutrino events VAR
. ] : .. ““
Upgoing events have orders of magnitude less background ", atmospheric v
Atmospheric neutrino: neutrino from CR interaction
e “Standard candle” for neutrino telescope performance
 Background to astrophysical searches
10"
g Phys Rev. D 94 052001 (2016) .:' )
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are dominated by v, for E, > ~10 GeV

Astrophysical neutrino diffuse flux:

 An excess in neutrino events over the atmospheric
neutrino spectrum

 Usually larger significance in cascade channel

-y
i

IceCube v
AMANDA I nfoldin
AMANDA-IL v , forward foldi
ANTARES v,

HKKMI1 v 5V, (w/ 0sc.)

10°

E> @ [GeV cm™ sec! sr]

107

10°%

Illll'ml TIIITHTI TTTIT




e HE neutrino astrophysics key experimental results

JHEAp 36 (2022) pp.55-110

The presence of TeV - PeV diffuse astrophysical N IceCube results:
neutrino flux is established by the IceCube v >>0 excess over
telescope with significance well above 50

(e.q. [Astrophys.). 928 (2022) 501 )

atmospheric v flux,
0% larger in v,

v
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= 107 7 |
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ANTARES diffuse flux significance 1.80 g | Promptied \[L\ ,), e N
[PoS(ICRC2019)891] s 107F B, 0o | —
] . . 107 F a /./"'_‘—""\\ cosmogenic
No neutrino source is established above 50 so far
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However: EeV]
 Blazar TXS 0506: 3.50 [Science 361, 147-151 (2018)]
o Seyfert Il galaxy NGC 1068: 4.10 [Science 378, 6619, 538-543 (2022)]
e Diffuse flux from galactic plane: 4.50 [Science 380, 6652, 1338-1343 (2023)]

>90% of astrophysical neutrino flux remains unexplained

Deployment of new telescopes is crucial to resolve the diffuse flux origin problem
Complimentary field of view for projects at different locations



The Baikal-GVD detector
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Platform “lvanovskaya” of Circum-Baikal railway
Telescope is located 3.6 km away from shore

Constant lake depth: 1366 - 1367 m
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Location

Water transparency:
- Absorption length: 21 - 23 m
- Scattering length: 60 - 80 m

Stable ice cover over 7 - 8 weeks in February - April:
detector deployment and maintenance

year 2018 image
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Basic components

Each string carries 36 optical
modules (OMs)

e 10-inch high Q eff. PMT
15 m vertical spacing
 OM facing the lake bottom

Time calibration systems

e LED in each OM

LED beacons

Isotropic lasers between clusters
Calibration precision ~2 ns

Geometry calibration system
e Acoustic modems on each string
 OM positioning precision ~ 20cm

L optical module
4 acoustic modem

. anchor

Optical module (OM):

-

Accelerometer, 1
compass )

Steel frame ]x-R}

Hermetic seal

PMT Hamamatsu
R7081-100

-~

Manometer %f

- aq
SubConn connector }/ . 4

“

\

Temperature
ud sensor
\

Vacuum valve

AN

OM controller

HV board

— /.

Gel lens

Calibration LEDs

Glass
hemisphere
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A Detector status
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(1) 2016
Presently detector consists of ,2_ 2 2017
110 strings arranged into 14 ~
independent detectors - 3 2018
clusters
* 3960 OMs in total OO 2019
6 (7, 2020
Baikal-GVD cluster:
e 8 regular strings, 525 m is 8 2021
instrumented with optical
modules (OM) QO 2022
e 60m radius \1_1/ 12/ 2023
* Inter-cluster string carrying
lasers, some instrumented 13 14
with OMs i >4 2024
* Has its own control, trigger | -
L L, L
and readout systems TTT Laser
= station
- L L
Additional cluster “EXP": S
* 4 strings with experimental Ostankino

Tower
540 m

high-speed DAQ



Expedition 2024
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Succesfull 2024 deployment campaign 16/02 - 07/04
* 14 reqular strings carrying 36 OMs installed

e 2 strins added to experimental (“optical”) cluster @

e Pilot string for HUNT project

Cable

Manome ter
HV/LV module
— Divider

HUNT - next generation

neutrino telescope project
[PoS(ICRC2023)1080]

20inch PMT

23inch glass sphere
| _— Geomagnetic shielding
~ Optical Gel

OMs based on
20-inch PMT

Pilot string with 12 OMs
deployed as a part of
experimental cluster in
joint IHEP (Bejing) and
Baikal-GVD effort
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Data flow

@

Each cluster is connected
to the shore center with
opto-electric cable

e Power distribution

e Data transmission

Cluster

Shore hybrid cable,

6 optical fibers,

6 - 7 km lcngth

Baikal shore center:

 Power distrubution

 Data readout hardware/software
 Data-taking management (shifter)
e Data quality control

* Long-term storage of raw data

» Alert system (to be deployed)

13



Data flow

Raw data are transferred from the Shore

center to JINR

 Shore center = Baikalsk: 300 Mbit/s radiochannel

* Baikalsk = JINR: Ethernet

e Compressed data volume ~10-40 GB per day per
cluster

* Full-scale reconstruction at JINR

 Delay due to shore = JINR data tranfer: < 1 min

coordinates

monitoring IOdUCtlon

jINR computing farm:

i
!
. DataBase [ Sige Cuser oot k Nofe - N * Long-term storage of raw data

Event Building Quality uppression econstruction Neutr.\no
” Mon.m%‘ | Selcion « Event reconstruction, storage

Extraction

i e Databases
e Alert workflow
* User analysis

Multi Cluster
oM Best: Bdeinig Calwbra’uon |

Monitoring

| Neutrino
Selection

e

BARS Framework
T Data Base DashBoard

PyBARS Automatization <+ % > m

S—
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Event reconstruction

. . . . w | T | Lo PR T I | )
Cluster event is read-out if coincident € 10" == sfeble period
. © signal is found on neighbouring OM 3 102 T
2 & ¢ An event frame is 5 mks .
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Event reconstruction

Time, location and deposited charge of each pulse

are used for the recon

Track angular resolution:
~0.8° - ~0.2° for tracks
longer than 200 m
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Event reconstruct

O

Track energy resolution:
Factor 3 for 100 TeV muon

ion

Cascade energy resolution:
6E/E ~10-30%
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Events, normalized

I
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0.06{
0.04]
0.02

B GVD cluster h400

Entries 5694088
Mean 0.01348
RMS 0.1517

0

1 080604202 0 02 04 06 08 1
logl0(E_/E_)
rec¢ b
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Results in cascade channel
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Search for diffuse astrophysical neutrino flux

O

Most of the Baikal-GVD data were processed with HE cascade analysis algorithms

Four years dataset: 04.2018 - 03.2022

14328 events E,,>10 TeV, N,;; > 11 after All-sky analysis:
quality cuts * Esn > 70 TeV, Ny > 19
16 events were selected
_— » 8.2 background ev. expected

- 7.4 Matm. 0.8 Vatm
5.8 v, €V. expected
Largest energy event: ~1.2 PeV

10*

All-sky diffuse flux significance: 2.220

Events per bin

[Phys.Rev. D 107, 042005 (2023)]
1.8 20222426 2.8 3.0 3.2 3.4 3.6 3.8 4.0

log, (E,/ TeV) .
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Search for diffuse astrophysical neutrino flux

Analysis of upward-going events Significance of diffuse flux in
e Zenith angle cut: cos(6) < - 0.25 upward-going events: 3.050 !
 Loosened cuts: E,,, > 15 TeV, N,y > 11
e 11 events selected Main uncertainties
e 3.2%+1.0 atm. background ev. are expected e Absorption length 5%
* 0.5 Watmr 2.7 Varm e OM sensitivity £10%
 Highest energy: 224 TeV * Vum flux normalisation £15%
2X10l T T Y T ’ T v T ’ T T T ! T
; Vast Ve Mo Vs
iy . I E
I e data ]
e 5 + --
= = T |
% 4% | T T
g g VT —— ¢ : :
[ S :
£ = .

1.2 14 16 1.8 2.0 22 24 26 2.8 3.0 -1.0 -09 -0.8 -0.7 -0.6 -05 -0.4 -0.3

log, (E,/ TeV) [Phys.Rev. D 107, 042005 (2023)] cos 6
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Diffuse spectrum

astro

. ) _ EL, —Yastro
Extraction of spectrum power and flux D7 =3 % 10780, 1m0 ( )

normalisation: Ey
O SE E . .
_f: 45 =1 3 Baikal-GVD (2018-2021, Upward-going)
w T E = this study, best fit
\e@\ - = E IceCube HESE (7.5y, Full-sky)
35 £ = Phys. Rev. D 104, 022002 (2021)
3 "z— —; IceCube Inelasticity Study (5y, Full-sky)
25 F£ ke Phys. Rev. D 99, 032004 (2019)
2 E E IceCube Cascades (6y, Full-sky)
'E E = Phys. Rev. Lett. 125, 121104 (2020)
T E = IceCube Tracks (9.5y, Northern Hemisphere),
LE E The Astrophysical Journal 928, 50 (2022)
0.5 ';_ | ; | _g ANTARES Cascades+Tracks (9y, Full-Sky)
[ SRR IS S U SR S —— PoS(ICRC2019) 891 (2020)
2 2.2 2.4 2.6 2.8 3 32

Results are in agreement with previous measurements by IceCube and ANTARES

First “non-lceCube” evidence for diffuse v_,, flux at above 30 !

[Phys.Rev. D 107, 042005 (2023)]
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Declination (%)

[MNRAS 526 (2023) 942]

= SIMBAD PSR RX]0148.9+6121 XTE J0421+560
T LSi+61 303 ¥ RX)0146.9+6121 V 0332+53
¥ Swift J0243.6+6124 T IGRJ01583+6713 * NGC 1569
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45
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80 60 40 20
Right Ascension (°)

Three events close to
the Galactic plane (grey line)

The red plus and circle - IC hotspot
[Aartsen & et al. Ap), 835,151 (2017)]

Intriguing coincidence in view of
recent IC statement on diffuse flux

from galactic plane [Science 380,
6652, 1338-1343 (2023)]

15°

-15°

HE cascade sky map

Best fit positions and 90% angular uncertainty regions

7590 -
45° )

T o
150° 120° 24d:°,\\, 210°
X
-30°
-45° *
5 ] Galactic plane
91 TeV

E,ec < 100 TeV

color represents energy: 100 TeV < E, < 200 TeV
200 < E,eco < 1000 TeV
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Cascade diffuse flux update

Preliminary: An update of analysis adding data from 04.2022 - 03.2023 (10 cluster detector)

Comparison of statistical significances for old and new samples

All-sky analysis Upgoing analysis
18-21 : 2.09x10-2 : 18-21 : 1.7x10-3
18-22 28 14.5 1.06x103 3.07 18-22 19 5.7 1.11x105 4.24

Significance of excess over atmospheric background increases

23
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HE cascades and the galaxy plane

&

Hint on alert events concentration near galactic plane

Baikal-GVD: 25 all sky alerts for 04/2018-03/2022 Extended dataset of
45 all-sky alerts 04/2018 - 03/2023

10 - I Data: HE Cascades E=60TeV

30 alerts @ E>60 TeV
in all sky search

Baikal-GVD preliminary

Counts

0 20 40 60 80
|b], Galactic Latitude (*)

Baikal-GVD alerts compared to IC galaxy plane analysis Analysis continues

24



Cascades: TXS0506 coincidence

[MNRAS 527 (2024) 8784]

Upgomg cascade analysis, highest energy event (18.04.2021):
224 TeV, 24 hits
 Neutrino source candidate TXS 05064056 is within 90%
containment circle
e Signalness: 97.1% (probability of astro origin)

Cascade 224 TeV
GVD 210418CA
*

 Chance coincidence probability (E>200 TeV): 0.0074

]

o 8 _ ¢ Fermi-LAT g ig g . .
0 g | [ ATANOOD. 11GFa | B = S Analysis of RATAN-600 radiotelescope data
z ~ {:H 2 = (11GHz) showgd mcreaseq activity
= B H & g = e IC _event reglster_ed durllng y flare
ol + ."'I 2 . Balkql event dgrlng radio fIarg
., Mot BN » Consistency with IC observations: 8% or
NS S ‘prﬁf;i*{ﬁ*;}:“y;ji 4 b 13% depending on v spectrum

0 ‘m | | -¢‘¢T twl‘““’ # ﬂ’ L : | ' ! I‘I o T“"tl.ﬁ assumptlon

2010 2012 2014 2016 2018 2020 2022

Epoch (yr) 25



Track-like channel
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Single-cluster

upgoing
event:

PPN < SR . . . ekt Lt
o @Ot s s e e e e e e

.
e e e e e e e e e e e e e .

Track-like events

Two modes of analysis

* Single-cluster: each cluster is treated as an independent detector

e Multi-cluster: common reconstruction for simultateously triggered
single-cluster events

Multi-cluster events: late

Downgoing atmospheric muon bundle Upgoing 1 PeV muon

> .

Ry IR

data 2019 MC 2019

early

Lake and PMT noise hits
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muon neutrino effective area [m?]
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First track-like neutrino candidate event sample

First set of single-cluster muon neutrino candidates based on 2019 data

e Cut-based analysis optimized for low-energy
(atmospheric) neutrino, <E,> ~ 500 GeV
 Runs from April 1st until June 30th 2019

e Results are compared to atmospheric neutrino simulation

rate [ev. per year per bin]

-
o
TT

1071

Baikal-GVD, 2019

323 d. single cluster livetime

=
2 Baikal-GVD, 2019
8. 323 d. single cluster livetime
E N\ .
g AN .
> 100 % atm. neutrino MC
() [N
Q. N
. —&— data
>
2.
2
o

cos (®zenith) N

I ]4|J|\ |\| NN ‘1‘5:?]":"; N |f|| ’j3~r. Sl b boa by
0 8 10 12 14 16 18 20 22 24 26 28
hits

(

MC expected: 43.6 )
e atm. neutrino :43.6
e atm. muon: 0

\Observed: 44 )

Excellent agreement of
MC expectation and data

[Eur. Phys. ). C 81, 1025 (2021)]

Sucessful Baikal-GVD performance validation
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e Progress in single-cluster track-like analysis

Large-scale data and MC track channel reprocessing campaign is ongoing

Improved track MC with more Improved muon reconstruction
detailed detector description  New noise suppression algorithm
e Switch to CORSIKA 7.741 for * More precise track fit algorithm
muon bundle simulation * Improved neutrino selection
e Realistic time-dependent capabilities
detector configuration
Low-E BDT High-E BDT
Improvement in tools for muon £ '*F 5ikaievo pretiminary, . S 1 Bollahovp preliminary, — gas
background suppression 5 10k oA s 5 F WG
o et om | B 10E g e, i, 2, B 1T
BDT discriminant as a main 5 10E S s ooy
variable for neutrino selection -
10 10
Good data-MC agreement i 13
- background is under control ok
10-‘§ 10?2;_ 1
08 0a 0z ooz o4 oe o4 oz ooz 04 o6

BDT response BD:%I' 6esponse




Increasing v, candidate dataset

Seasons 2020-2021 were reprocessed in single-cluster regime

3845 days single-cluster livetime equivalent

* Validation of reconstruction results is ongoing
* Optimisation of high-energy v selection is ongoing

Demonstration sample of v,
candidates dominated by
atmospheric neutrino

671 neutrino candidates
selected in 3845 days

e atm. u: 3.5

e atm. v: 565.1

e data: 671

Total rate is 15% larger
than MC expectation

—
o

—

ev. per year per bin

—
<

1072

—e— data

= MC atm. p
= MC atm. v

------ MC, atm. u + atm. v
MC, astro, E;“e >1TeV
MG, astro, E** > 100 TeV

=~
et
Baikal-GVD prelinfinary, f2 D-21
L 1 L I 1 L | L | L 1 1 L
20 25 30
N

hits
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High-energy track event candidate

Preliminary: spectacular single-cluster event R N
with high probability of astrophysical origin - Lpreliminary

Season 2019, Cluster 3, run 590 ® 1
0, = 153.4° S
Nhits = 30 :“ ?
E ec = 103.4 TeV PNE 1
[68% CI: 24.9<E<266.3 TeV] . N RERE
Track length: 332.4 m HE B
. o8 B
Angular resolution: 0.45° (50%) 1 & o o\i® early
0.67° (68%) Ll e ‘e
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Track-like multi-cluster analysis

~
“y

¢ . Track-like multi-cluster analysis
_ unlocks the full Baikal-GVD
' 3 potential in angular resolution

late | Ld R o3 ; e O ..
Qo

I .1 peeliminary

BEREN )| | FONTITER
C
ode. e

First multi-cluster neutrino candidate
events start to appear

. Qo= B =P 0@y =P =B = P B ~ P 8
SR (e WA S TR
()

SRR \ et

-0 -0 @8- -0t -0- -0

e e e e .

oo...-......‘.....,.......,
PR VPP, - . ..o

$ i 8 A N Example of v candidate event:

e - = >ummer 2019
= = Clusters 1 & 4
early 4 ' : 4 ° ? . 62 - 12560
. : T : . X NhItS - 10

: o track length =399 m
selected hits all hits in the event E... < 1TeV
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e Track-like event multi-cluster analysis

&

~preliminary
In total 5 v candidates selected from 150 days of H S 5 l
2019 (5-cluster detector) 9 h L
Dominated by atmospheric neutrino ™
Multi-cluster analysis is in the development
phase

= —
& early

'@

e

E.=12 TeV
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Track-like events skymap

« Baikal-GVD HE cascade e Galactic Center
« Baikal-GVD track-100TeV « Baikal-GVD muItl cl track

o W
: 1 »
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.......................... 2 500 SORg R AL & TP B 55 vl CTE T TP RIS P L AP -..-..........-..........
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iy,

gl CF S .;-:}ﬁ},-.-.-::;‘.i.'Z}.-.:-.::.f_-‘.?.i.i.?:;:;;;::::‘ --------- : Equatorial

Multi-cluster neutrino candidate events, very preliminary, dominated by atmospheric events

Single cluster 100 TeV event - high probability of astrophysical origin

35
Grigory Safronov - Baikal-GVD, Quarks 2024



Alert program
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Alert workflow

Getting ready to full-scale participation in real-time multi-messenger alert exchange

Automated alert generation and
follow-up system
» Baikal-GVD alerts: distribution of
our own alerts for events with . S
high probability of astro origin R
e Follow-up: follow-up analysis of |
external alert events

Baikal-GVD A A\ | Node ; el
Telescope VoV Baikalsk !

JINR Storage

Apache Kafka — S

GCN Network

(v, GWs, GRBs)

_____________________

Follow-up
analysis

Baikal-GVD
alerts

&

(If neutrino candidate is detected)

Baikal-GVD alert generation JQ
« Simplified extrapolated calibrations i

* Processing delay 3-10 minutes

 Planned to be deployed at the shore to reduce delay
* Presently internal distribution of alerts

(In future)

|
Baikal-GVD
g team
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Global Coordinate Network (GCN) alert follow-up

. I lceCube:
[Fermdl-GB]M/LAT: LIGO-Virgo-KAGRA: (T0-1 h TO +1 h]
TO = 1 ay,TO ’ H 7 . [l ”n — _
[TO - 1 day, TO + 12 hours], :g:YTO%%CS%OFiog(l)gsr;lflcant 1 [TO - 1 day, TO +1 day]
[TO - 1 day, TO + 1 day] : ,
[TO - 1000s, TO + 14 days]

7 GRB 221009A

OFF region band
« ON Region for tracks
o GRB 221009A

Search for online coincidences:

- ON/OFF method

» ON includes 90% localization error and Baikal-GVD
median angular resolution

- OFF is extended within a = 5 declination band

- OFF is evaluated using real data from previous seasons

Declination [deg]

750 Right Ascension [deg] 3 8



Dec. (%)

O

Follow-up of IceCube and ANTARES alerts

Baikal-GVD neutrino alerts and follow-up for neutrinos

80
60 ANTARES alerts followed, *°
3 correlated cascades % 1
[PoS(ICRC2021)1121] ol
E
E —-20
35 :
¥ BL Lac object PKS 0735+17, optical flaring MJD 59523.56
¥ leeCube asirotrack, proxy 172 TeV, MJD 56556.83 :
0= ¥ Balkal-GVD cascades, 43 TeV, MJD 5955699 s

Baksan, upgeing muon, > 1GeV, MJD 59552.62
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Follow-up of IceCube “astrotracks” events (~20 per year)

On 8.12.2021 detected cascade from the direction of blazar
PKS0735+17 in coincidence with IC211208A

Delay wrt. IC: 3.95 hrs., E ~ 43 TeV
Pre-trial significance: 2.850, later reduced to 1.130
Astrotelegram published:

https://www.astronomerstelegram.org/?read=15112
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e Multi-messenger follow-ups
&Y

Baikal-GVD follows reported multimessenger high-energy events, e.g.:

GW170817 Neutrino limits (fluence per flavor: v, +7,)

GW170817 (LIGO/VIRGO) - neutron star merger, first 0°F | anTares 500 BesiOine- Wiy
gravitational waves detection associated with y/optical/radio - 10 — Bakal T .
. . . . . . | uger
signal: time-integrated flux (fluence) limit is set 5 10} deecube T [T — =
-~ T SR (5o
[Phys. ReV. Lett. 119, 161101] IS Li o _
[JETP Letters, v.108, issue 12] ] B ) et

102 FKimura et al. P .. Kimura et al}

i EE optimistic | m | 0° .pmmp.{
103 ¢ L ]
Radio-burst from magnetar SGR 1935+2154 (28.04.20) Baikal -
ne 1 N
* |lceCube fluence limit: 5.2*10-2 GeV*cm-2 v AN,I_Af'RES |
« ANTARES fluence limit: 14 GeV*cm-2 L 1_1—‘_
. . . L IceCube ane &
e Baikal-GVD fluence limit: 2 GeV*cm-2 [pos(ICRC2021)946] o, 10° e
&1 <1l 30 days ]
= = Fang &
102 | h Metzger |
14 day time-window | 3 days
107 05107 105 10 107 i0F 107 1™ oM
E/GeV
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Summary

Baikal-GVD has reached ~0.6 km3 detector volume:
110 strings carrying 3960 OMs
e Also: 4 strings with experimental high-bandwidth DAQ

Baikal-GVD is joining the astrophysical neutrino origin quest

» Telescope performance was validated with the atmospheric
neutrino flux observation

* First high-energy events are selected in track-like event
analysis

« HE cascade event analysis confirms the diffuse flux
observation at the level above 30

 Experiment participates in high-energy alert follow-up and
alert exchange



o

BACKUP

42



zenit angle @, degree
[ = =

Neutrino detection principle

Earth opaqueness increases with increasing energy

ransmission probability from surface to z = 1000 m

Complimentary maximum sensitivity areas

for different telescopes

Baikal
South Pole
Mediterranean

12022421 ‘91h0D d



IC global fit
PoS-ICRC2023-1064

IceCube Preliminary

Doy " [10718/GeV/cm?/s/sr]
=

4.0+

S5

3.0r

A

2.0r

=
(=

103 10° 10° 10° 107
90% CL sensitive energy range [GeV]
~— (Cascades byr(2020)
— HESE 7.5yr(2021) =
Through-going -3 “h"‘m
tracks 9.5yr(2022) \\
ESTES 10yr \
(2022, prelim.) \‘
=== (GlobalFit (this work) I
!
’
/
’
’4"
ﬁ"”
_____ — 68% C.L.
lceCube Preliminary --= 95% C.L.
2.6 2.8 3.0 3.2 3.4
spectral index y
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Effective area, m?

Cascade analysis : effective area and rates

Assumption for astrophysical neutrino energy

Analysis sensitive to all-flavour CC
and NC interactions over the whole sky

neutrino effective area for cascade detection

— All sky 7 clusters —
10 | L
1 e
- __HH;I_ ____
0 e
-1 _'—_ L L1 | l I
107 15 2 25 3 35 4
Glashow resonance not included lngfT EV}

Events per Year

107°

spectrum (lceCube fit):
4.1-10°E*"GeV1icm?slsr?

Expected number of cascade events per year

= i 7 clasters
B ——_ 245
E g N,. > 20
3 : Vatm e
g i '
L |
E I
|
: |
¥ 1 1 " | " 1 " ¥ 1 1 §
1 1.5 2 2.5 k] 3.5 4
lg(E/TeV)

3—4 ev/yr with E_, >100 TeV for 7 clusters



Events per bin
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Events per bin

E>15TeV
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