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Abstract

KM3NeT is a large research infrastructure which contains a network of a deep-sea neutrino
detectors in the Mediterranean Sea. KM3NeT detects faint radiation - Cherenkov radiation, which

is produced when a neutrino interacts with a network of optical sensors.

This paper discusses the KM3NeT experiment and its detectors ARCA and ORCA, their

working principles.

The paper is based on the data obtained on the ORCAG6 detector, since the main part of the
data of the KM3NeT experiment comes from this configuration. The data is stored on the KM3NeT
server of the Institute of High Energy Physics of TSU and processed by computer algorithms, which
allows us to determine the source of the radiation - the trajectory of the particle, the origin of the

neutrino, and others.

The neutrino propagates in a straight line, it has a weak interaction. Due to the small
probability of interaction with other substances, it is difficult to detect. The neutrino does not lose

its properties, so it is an ideal tool for studying the universe.

The main goal of the work is the study of the optical background of the sea and the neglect
of background sources by the detectors for the accuracy of the experiment. The largest part of the

optical background of the sea comes from the radiation of the radioactive isotope K-40.
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39000b393900L 50bL.

ORCA-6 9tb5399900l s6sgrobo KM3NeT 36mgd@ ol by®ggth by
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gbMoo. 2 ORCA ©yGIJBHMMJd0L 3mbgBoa@Ms30gdo s dmbsggdgdo

23



Lodmoenme dgdmbggzsdo dogegom 152 3030, 53 3039000 o6 339990 MOMEIBMDS
9ol dombgdols  259mlboggdosb, bsfoeo 3o 40K oBm@GHm3ol @sdeols F9gyo.
090009005 3030 HMIJog odmofjgos dowmbads - b6 Logbserol 30@Egdo 435J3U,
d9L50530LOE  3MO-GMO0RIM0MPOME0s  J0oGo  OMIgwol  FmbMEO  godmlboggdomos

dddmfjz3gmo.

number of hits

hi
Entries 160920
Mean 158.8
Std Dev 76.99

9000

o

|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|I
.—l_'_

8000

7000

number of events

6000
5000
4000
3000
2000

1000

Djlllllljllllllm"llll_l_l_

100 200 300 400 500 600 700
number of hits

(=]

U®. 14 83930 00 303 gdoL Moabzo MMl sBoJLOMES
B GM959M53mgdemols Joge

©94H9JHMM90bg  Fgdmbyero  Bogboergdol  MomEgmds, Mmool  Lbsfgolo
9608369 md0sb dse05b 393605 M¥d3s 999mbiryero 0332eliol doge Logsbgbg 0go3z9L 396
30440 (b@M.15). gl 496500 gds doeosb 3603369 mgs60s F9ga9d0L Mom©gbmdMmogo
390560900Lm300.

24



PMT signals

time over threshold

_ h2
- Entries 25944788407
& Maan 2h.48
10 §_ Sid Dav 2027
10°
10*
10°
10°
10
| | 1 [ I 1 1 | 1 | 1 1 [ L | | | | | | [ [ 1 1 |
0 50 100 150 200 250
Time [ns]

U6.15 Logbserols LoEoEOL gsbsfowgds

(Lw®. 16) 9mEgdmeos 00 30390l Lsdoswm MoMmEIbmds MMIgEoE BodloMmEIds JhHo
&®M93%9 ToT 033w9cmbol LogsbyBy.

25




number of hits per track

h3
T —
3 10 = Entries 7918894
% - Mean 18.09
o - Std Dev 37.9
=
o 105 —

10° ==

10* =

10° |

v.'..'-
&
S
3
2

250

Time [ns]

b®.16 30Egd0oL M3mEYbmds gho GMmg3by

d90mbggzoms LOMo MHoEbzols s 303HgdoL LydMsm MoMmIbMdOL sEYJbOL

090009 9930egdge0os HBgdmo Bobligbgdo GHMORIMOMIOME0 S 9MI-BHEMm0YIMHOMYIMO

303)9d0L M5Mm9bMd7d0L o965 S Fom0 J9BFOGIGOOL YMISBOIMEIS© 539do.

26




9m3g0@wo  89Ja000@sb  IH3oaEIds 933y 8I3OXIO  FodmgaErodgdEo
0655905 030l gliabgd, MM GmbmEmo 259mlboggds 9E9JE™MgdoL F0gH IAMM3IdIO
dmb5399900L d5¢056 o Bofioerls Tgogbl. 3 gdmbggzsdo 117 gmboyMo s 43 dombryemo
3039005 (3MIogds 53 F9gdmbggzsdo dbodzbgwms - 3 3030). 3OMmEIbEGMWwI©
53bEMmgdom 74% dmob 40K s 26% dommba® 30390%g (L. 17-18).

non-trigered hits

- h4

Tg » Entries 160920
=2 qpt Mean 117
&

- Std Dev 51.58
=

o

10®

102

L1 1 I I T — I | | l T [ T I | T — I | T - I | T —

100 200 300 400 500 600 700
N of non-trigered hits

B

27



trigered hits

- _ hs
Tg - Enfries 160920
D il Mean 43.12
et i StdDev  49.89
E 104 ca LLLLH
F 1
10°

jr/f

10°

s,

10

" s
%—

1 il Il | i1 1 | I l | - ] | I T — | L1 1 1 I 1 I —

L
100 200 300 400 500 600 700
N of trigered hits

(=]

bm6.17-18 565-GM0ogg00Mgdmeo 56w gmbm®mo s GHM0agMH0Mgdmwo sbvy
donmbm®mo 30@ 900l gsbsogrgdgdo, Msm@obmds.

99000930 99305 033Mlol  Fosh  Logaobgbg  BHGM0RgM0MYPMO

3M5@M0g9M0M90M0 303900l M3 S FoMYdMEo F9gaol FgeMgds 0d3wyeliols
1LoEOILMB - ToT . POHMOL 53 Bobx M0 ROJLOMGIYO 303 OO MOMEIBMBS o0

©OO05 M®J3s 01939 3009 FEMIOEGOIOL 1) 56 3530M35¢0L0bgd™ (LE. 15) dmEgdmeo
(0oEb™MdM030 dmbs399900 MBS MM0EIYL LvE.19-20 doMqdmeEro Imbs39dgdol Kodb.

28



PMT signals

10°

10°

10*

10°

102

non-trigered tot trigered tot

hé o h7
E Enres  18803040.07 | & 107 T Enties 7051740
= Mean 261 _g, F Mean 27.49
E Std Dev 2238 e . - Std Dev 12.97
L E 10 ;—
EF" E
n 104
B o
H 103 B
=g H
;_ 10° B
0 %M 104
OEV I R I10|0I 1 115|0| - I2|T!IOI T '25|0 E L | SR S N B R PR R SR | o |
0 150 200 250
Time non-trigered [ns] Time trigered [ns]

U6.19-20 Loabsgrols Loools obsfoergds BmbMMo s
3ommby®o 3o@gdolbomgols

RMbMOO s F0MmbmMo 303900l IsbEmgdomo 36083690 Mmdgd0L  AIHOL
3990092 0500505 30mbgzs M) ®5dgbo DOM s0bmm. ORCA6 ©g39d@ ™ol 118 sygbgdwyero
bsB0sb fymd®mHdo oym 103 DOM, bmwm dsbsfioergdols 30639¢0039 30953030056 BBL G
©5830JLOMES IbEMgdom 159 300 Mg 0dob sdBHI0EIO0L Loxgwndzgwls 435dwg3l M™I
dsbEmgdom 56 DOM-3o Logbswo gobdgmems. 3)gmdmdo dgmazo 103 mdosb Hmym®s
(L©.21)-Bg BsbL s0bm TbmemE 67 o3 0dsL 603bsgl, GMI 67 mIby dmgzgos 56

396896935000 LobsE0, begrm 36 LogHNME 56 BbMYOMES.

29




all Doms

h8
£ - Entries 160920
C ean .
g B M 67.41
5 5000— Std Dev 11.34
z -
4000—
3000{—
2000|—
1000— IHJ '
O_I L1 1 J L 1 1 | Ll 1 I L |_—l‘-r,-|—| L1l l L1 1 | L 11 |. Ll 1| | Ll 1 1 |. Ll 11
0 10 20 30 40 50 60 70 80 90 100
N of DOMs

596.21 560900 DOM-0ol Gom9bmds

363900 3700l LOHYIEO MoMEYHMO0ED L1 o @HMob bydwsmgdom dga30dwos
5393306090 dommbms 303gdol dogh bmdmwo  DOM Gom@gbmdsl (bw96.22). 59
396550930056 Bsbl, MMI 560930 67 DOM-sb 30vmbds ssbmm ssbermgdoom 3 DOM.

(L. 22) Bsbl ™I 6gdMwo ©IGIIGHMOJIO0D dog0sb d306g Bsfowo 0bmgds
mdmoem© dombgdol godmlboggdol 2sdm. 5mbmMmo Bosmgdols godmygmas s IMEoWwgds
d9L5dEgdgEos  BMEGHMYPTIM3WgdEgdol  Logboergdls  Jmeéol  LogmEg-OHMOmO
309530900l dmmbmgboo.

30



all L1Doms

h9
E C Eniries 160920
g - Mean 3.21
= 30000 StdDev  2.192
z C
25000 {1
20000 [
15000 -
10000 —
5000
O_IIII III|||I|I.I||||||Il||||||||l|l|||||IIJII|||
0 10 20 30 40 50 60 70 80 80 100

M of filtered DOMs

b9)6.22 s6cgdeo DOM-990L ol HoEbgo, Gmdggdog L1 3owm@E®mol gs:m35¢olfiobgdom sobomm

3500M5305 40K 153vg5grgdom

KM3NeT  ©939d®™m900L  35¢00065305  BsFoMms  Bgod®obml  030L9d9d0L
396LsBL3MHOL JodloToHo LOBNLEHOLMmZOL.

@6 PMT-U 9096 0830406939 25dmlboggdsts s LO gowm@®moo 3 89dmbggzols
ILBMEBOMYOSL FMMHOL OBEMgdom sGol 306(0. 5 EOHMOMO oY™M3BxdOL FoblsbL3zMs s
906030B0Mgd55 35033008 J0BIBO. J5W0dMS300L MM 2odm0Yygbgds, MMM BmbmEmo

31



h100

14.4
14.58
9.015
8.839

00000000000000000000008
00000000000000D000000003
00000000000000000000004
oDoonooodoooodooodndondds
s gpoooooooooOoooofoOoognns

Std Dev x
| Std Devy

Mean y

690B®0bm  BHgwglzm3gdol

96038369 mgsbo  sb3gd@os
030  B6TIPBGHMH OOl SLMWMEgdL  03960m0L  M93mbLEHMY30sd0,
dom0  3mB0E0gdol  Jgx3sligdels  godmlboggdols
pm1 vs pm2

21939
Inter-PMT 35000865305 §oM80oy9bl - gmggwo PMT-ob 3096 ©sx30dboMgdmeo

3900M5305 890dgds: 3DoEools s MM0Y6EHIE0 ©d OMOom. 306500056 0

ol9g d0mbmEo 303930l dmbs3gdgdo, M50 IAIJEH™MIdOL FMboEMMObAO 2sbbmM 0 el

B30l F0BIBL 56 FoMTMoygbl 3oc0dMm 300l Fgbfagers Im3ergE 2obzobowszm Mmom
OOMMO  35E0BOMS(305

OMIgoE  9YObMds, MMAMOE  ©IAHIIHMOOL  Lb3ssbbgs  Lgblm®Mgdby  Bgcgbzmgol

LoabsEol EOHMOoMO [obsgargdsofiset). 4obolisbw3zMgds PMT coMmoom {obsizargdobs t; (PMT

time offset) s ymzgwo m®dol DOM @OHmom §obs33egdsl t; (DOM time offset) demcol

39C00M5300L, 39Mdm© 30 PMT-900L @m0 35¢000Ms300L (Inter-PMT Time Calibration)

3mbOHo IMbs390900L 58tmggdol 3Bgdol Lobgzgbgders.

OHMOL O 96533900bY.
2309mbb0gqdol  sxz0dLoMYIL,
©9399EH0M900LB(LME 23 5-d).

00500530,
Lbbgomdoom.

ooooo 0o000000000000000000000048
000000 ocooOOoOoOOOoOODOO0OOOO0O0O00000
0000000 ooDOOOOOCOOODOOOOOOOODOOG
00000000 ooopopogooooooodooooodG
000000000 ooooDoogpDOoooooooooooc
0000000000 ooOoOoOoO0oodOooodoOooOoOs
oO00000000J0O0 oooOoOoooOoOoOoodoOoooOos
000000000000 opoooooooododoonOo
oooooonoooiond copopoooooooooood
0000000000000 oooOo0o0o0Oo0oo00G
000000000000000 oooodoooooOdoo0#H
0D000000000000000 oooOooo00O000D00
goooooooooobodpgdd oobooopOoDoDi
000000000000000000 oooopDoOoo00G
00000000000000JO0000 ocoooooooodd

000oooooooo0onodn nogpoooooos
nnoooonoooooooooon O0oOoooong
000000000000000000 oooooooG
OD00oDooooooooddoood [ oooop0o

0000Dooooo0oo0doo0of0o0d 0 ooood
ooooooooooooooonoonndn [l oooE
goooooooooooooooooogoodonn] ooc
N000000000000000000000000 00 oo
D00oo00oooodoooooooodooo ol o0

0RO RERIRERR0E0OLNRNIRTLTT

4

__EI_I

=] =
Lo o o - —

000oO000dOooOo0ooo0o00d(] _m o0o0o0mn

u3

32



~ JSFT T 1y
= -t Data, before calibration { —
v -t Calibrated data 1 3
= - Random coincidences | =
1] - -
S —— “K model fit ¥
S Ir 1 =
= . 1 =
o b
= ~
= =
~ =
3
2
=
3
=,

ﬂ PRI R T T

=20 =10 0 10 20

Hit time difference [ns]

Uy, 23 (3)

(5) gbmdowos Mmd DOM-8o 31 PMT 935d3l dglodsdolso 31 X? =465 {)y30wo0

ym39e DOM-%Bg. X-0g6do omdmoyqbl Lom®gb@osgom Lastrmmal, Gmdgemog goblaBmgmogl
359malboggdgewo DOM-ol 3mboiosl DU-3o. 306390 baGmwaro (storey) begol glizg@msb
Y39wsbHg sberm 8 dsMgmdoLss. Y-0gMdo §omdmoygbl bsdoBby Labmwmwl, GmIgeos
d0Mmomgdl  Logbosewol dodwgdo DOM-ob  3mBogost.  bsbmdwmdmegdo(Nanobeacons)
506090056 56000930 o©  LEBIMEgdl dmGol 3520 6(F-ol sa3056900m. Y3zgas
BobmTmJmes ©s9ggbgdmeos 8 gman@ dsdzsbg.  bobmdwmdmegdls(Nanobeacons) dgwmderosom
PMT-gd0l co®momo (33e00egd0ol dmbo@m®mobyo d9lsdsdol DOM-do.

33



(0) DOM-380 M6 gm@mbl dmMol ™ol Lbgsmdols dmbsgrm@bgwo gobsfoegdss, Hmdgwos
399mf39Mwo0s 9Mo LBodMwomgdmwo 40K ©sdom mé PMT-%y. 56o-35008G0M9dww
dmbs39990L 9539996905 9933539090 IMbS399900 LO gor@Mgdom 3mMgdEHocmgdol 4o9dy.
39C03M0M90v)0 dmbs3g9900 23063969096 CHMOL Lbgomdsls domgdme» LO-90b dméob, Inter-
PMT Time Calibration 36MHm3906M0L 259mygbgdom. gobsffongdgdo  om3zswolifjobgdgb
©dmbz9393L 40K 603500 xJM©00  ©IToLsL.  3M9x30306 BBl ®MI  ©yGgIBH™OL
3615gdBH039Ws@ 56 gosBbos bonzol 8635 9O G0 gd0®, sdbgMOL 9839dGHWIOMBL HBOHEOU.

sl 3365

KM3NeT o600 ©0@©0 330930000  0bgmsbGHOMI@ms, Omdgwos  9903o3L
690@®0bmo ©gEgd@™MmdL (Bgwrglgzm3gdl ARCA s ORCA) bdgwmsdsys Bwgsdo. ARCA
©5 ORCA ©939d@H™6900 990290056 m3@039M0 Immegdobash (Digital Optical Module -
DOM), GmIdgmmoms bLogmHEmmo  asbaoggdol 1od33M03g @oblbgzogwgds 9HMT6gOLYb.
©93973H™M900 FodMoyg696 Mga0LEH"SE00L 3em 3900l 9OHMMIOMdL. 18 DOM-0 ofjymds
390303506 bsbby, GM™Igwbsg DU gfimogds. DU-U gOommdmomds §o0dmoagbl gho
dem3L (BB). 9600 DOM-80 560l 31 PMT, d9Ls8590Ls godmeol bvyen 3348 PMT-s 53 9¢3s3by,

9L 8603369eMds 3T035 033YdS.

59 BodMMIoL 853500 Es60TEMGdS SHOL B30l M3EH03MMO Bmbol Jqlfogws 40K
0bMAHM3IoL  Lodwoegdom. @mbo dgzobfogargm KM3NeT ORCA6 ©9y@gd@dmmol doge
3936039090 3mbs3qd9d0L Lsdrswgdom.

40K §6850096L 869861030 Fo6rdmBMdOL, 35¢0mdol B-Mr0E0Msgd@ oMo 0BmEHM3U.
40K ©053¢00bsl 25650000905 Mm33H0329600 dmv)eols 3bmem 330609 bofowo, begnm dommbgdls
3999905, 259m0f30mb ImEdo 439ws BMEHMATIMZGIOL gobsmgds. 40K 3o@gdo
9900mb3z930m50 b5fowgds m33H03MH dmmgddo. 8 goblbgsgzgdmwo ™s30193IMHgd0m
bsbosmgds 40K.

isbemgdom  60% 40K gmbméd  4od9mbboggdsl  MFodosgl, gl ghool  dbGog
5GIMbBIOo d0mbIBdOL ITBIMHOL OB 3MEgds, Fgmegl IbMHOZ 30 TBAsMY dYM3YE 0,
5290 BMbMOO Logboergdol Lsdowgdoo dgodwgds mddo sOLYdMEo PMT-gdolb
39C00MS300.

34



Bod®Mddo  sefgmoos ®mId ORCA-6 ©9EHgdd™emol 108 ©sggbgdmwo bsBowsb
d0gmd®do ogm 103 DOM, bmeom gobsfowmgdol 30603903 aMo13030006 Bsbl  Mmd
©5830J4L0MES IBEMIdom 159 3030, Mg 000l 33HI0EIOOL Logdzgel 435093l MM
o3bEmgdom 56 DOM-8o Logboswo gobdgmems. d)gmdmdo dgmgo 103 mdosd HmymOs
50bonm dbmerm 67, MmIgebgz dmgos 56 gobdgmMgdso Lboabscro, bmewm DOM 36
L59OOMP 56 56MGdIMEs.

PMT-9d0l 35000365305 40K-0L Bsdw95¢mgdom 15305m@  OGmvMewo  3MmEgbos. 50
BodmMI0L Gotryengddo 6583969000 ©9EgJEH™MOL bbgsalibgs LgblmMgd by osgoduiomgdeo
B96963m30L  258mbbogqdol 4omlol 2obsHoegdols 4Ms3303900 ©@s dglsdsdolo PMT-gdol
3mboE0gdo.

35



399tyg9bgdMeo Wod Mo rcs

1. BR300 M@)o http://training.hepi.tsu.ge/Shanidze/Thesis/PapalashviliPhD.pdf

2. Jobdomeo aoméao - KM3NeT/ORCA4 ©93gd@mmol  asdmdsbogrol  dglfogars

90MmbmE0 6535009000 LodwsEgdom

http://training.hepi.tsu.ge/Shanidze/Thesis/Giorgi Kistauri MS thesis 0.pdf

3. KM3NeT m330305¢060 399-3396000 (0L ¢Mo30900L o 009mm0weno dolsogns)

https://www.km3net.org/

4. KM3NeT 3030390000L-339600 ARCA/ORCA ©939J¢™M9d0b dmbsigdms 99360 m39d0L

35900

https://wiki.km3net.de/index.php/Data Processing and Data Quality (DPDQ)/Processings/Mass

ProcessingSeptember2023

5. Agustin Sanchez Losa, Juan Palacios Gonzdlez, Francisco Salesa Greus, Juan Zuiiga Roman,

Diego Real Mafiez and David Calvo Diaz-Aldagalan - for the KM3NeT collaboration - KM3NeT Time

calibration with Nanobeacons

https://pos.sissa.it/444/1062/pdf

6. Canadian Nuclear Society Nu-Salt or NoSalt as a radioactive source fact sheet

https://www.nost.edu.au/icms docs/133854 Radiation - Banana potassium 40.pdf

7. S. P. Denisov Radiation of FASTER THAN LIGHT PARTICLES (CHERENKOV EFFECT)

http://nuclphys.sinp.msu.ru/mirrors/1996 02b.pdf

8. Jurgen Brunner, ANTARES-Site/1999-002 - Simulation of 40K signals

36


http://training.hepi.tsu.ge/Shanidze/Thesis/PapalashviliPhD.pdf
http://training.hepi.tsu.ge/Shanidze/Thesis/Giorgi_Kistauri_MS_thesis_0.pdf
https://www.km3net.org/
https://wiki.km3net.de/index.php/Data_Processing_and_Data_Quality_(DPDQ)/Processings/MassProcessingSeptember2023
https://wiki.km3net.de/index.php/Data_Processing_and_Data_Quality_(DPDQ)/Processings/MassProcessingSeptember2023
https://pos.sissa.it/444/1062/pdf
https://www.nost.edu.au/icms_docs/133854_Radiation_-_Banana_potassium_40.pdf
http://nuclphys.sinp.msu.ru/mirrors/1996_02b.pdf

9. Long-term monitoring of the ANTARES optical module efficiencies using 40K decays in sea
water - The ANTARES Collaboration

https://d.docs.live.net/00eec1057803afbe/Desktop/thesis/thesisTest.docx

10. Louis Bailly-Salins, on behalf of the KM3NeT collaboration - Time, position and orientation

calibration using atmospheric muons in KM3NeT

https://pos.sissa.it/444/218/pdf

11. Nanobeacon: A time calibration device for the KM3NeT neutrino telescope

journal homepage: www.elsevier.com/locate/nima

12. Melis Karel - Studying the Universe from -3000m N.A.P.
13. S. Toscano, M. Ardid, M. Bou-Cabo , M. Circella, J.J Hern’andez-Rey, J-P. Schuller, L.F.
Thompson - Time calibration and positioning for KM3NeT

https://indico.in2p3.fr/event/681/contributions/39480/attachments/31906/39327/toscano.pdf

37


https://d.docs.live.net/00eec1057803afbe/Desktop/thesis/thesisTest.docx
https://pos.sissa.it/444/218/pdf
:%20www.elsevier.com/locate/nima
https://indico.in2p3.fr/event/681/contributions/39480/attachments/31906/39327/toscano.pdf

