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Euyxapiotieg

H napouoa epyaoia eknovr|Onke oto Ivotitouto [Tupnvikng kat Zepatdiakng uoikng
(L.IT.Z.®.) tou E.K.E.®.E. "Anuokpttog” oto mAaiolo tou Aratpnpatikou I[Ipoypdppatog
Metantuyiakaov Znoudav “®uoikr) kat Texvodoyikég Epapioyég” oto omoio ouppetexouv
10 EBviko MetooBio [ToAuteyveio kat 1o E.K.E.®.E. "Anuoxkpitog”. Akadnuaikog ureubu-
VOG NG PETATIUXIAKNG autng epyaociag eivat o Ap. TowrmoAting 'empytog, Kabnynig oty
ZxoAn Edappoopévev Mabnuatkev kat @uoikeov Emotnuov tou E.M.II., tov oroio Sa
10eda va eUXap1oTNo® Y1a TG YVOOELS KAl TI OUPBOUAEG Tou pou €xel fwoel, Kabwg Kat
yla tnv €UKalpia va mpaypatonooe v epyacia auvtr oto E.K.E.®.E. "Anuokpitog”.

Axoun, 9a 1Beda va suxapiloton v Ap. Tlapaploudakn Awkatepivn, Epesuvrtpla
A’ oo LILE.®. tou E.K.E.®.E. "Anuokptog” kat eruBAénovoa tng epyaociag auvig. H
ouvexng Kabodrynon mou Pou MPooedepe 1Tav KAOOPIOTIKY] Yid TV OAOKANP®ON AUTHS
NG £PYAOiag Omwg Kat yia v 81apopp®orn) 10U €06 THPd TPOMOoU OKEWPNS HOU AV OTtnV
épeuva g PUOIKNG.

®a 11Bsda akoun va guxaplotnoe v Ap. Mdapkou Xprjoto, Epsuvnt A’ kat Ateubuvirn
tou LIL.Z.®. tou E.XK.E.®.E. "Anuokpttog” yia 1o evliapépov mou £6ei§e kabwg Kat
BonBela mou PoU MPOcEPePE O OTONIOTE XPeldotnKa Katd tn HlapKela g epyaociag
auvtr)g. Entiong Sa 16sAa va suxapiotrjom oAa ta péAn g opadag mou dpaoctnplomnolovvial
oto nieipapa KM3NeT yia to dploto kKAipa ouvepyaoiag mou £€X0uv S110uUpyroet.

Télog, 9a 1)Bsda va euxXaplOTO® TNV OIKOYEVELID POU yla Vv Bonbeia, v otmpin
KAO®OG KAl TV APEPLOT] CUPITAPAOTAOoT] ITOU HOU €XEL IIPOOPEPEL KATA TNV S1APKEIA TRV
Oomoudwv 110u.






IIepiAnywn

H epyaoia autr npaypatevstal ) pedétn g anodoong tou aviyveutr) KM3NeT/ARCA
oe Bdabog xpovou. Zinv mANPn popdn tou o aviyveutng 9a Asttoupyel wg TNAEOKOTIO
VETPIVOV UYPNAGOV EVEPYEIDV.

Apxkd yivetat pla avagopd otnv aoctpovopia verpivev Kat emyeipnpatoloyeitat to
ylati auty) eitvat moAAd unooxopevr. EmumAéov, neptypdgetat nj Sopn tou aviyveutr) ARCA
KaBwg kat 1 pebodog yia v avixveuor KoopKov verpivav. Emnpoobétng, avapépovial
01 KUp1eg TINYEG NG aktivoBoliag urtoBabpou kat meptypddetat r dopn tov dedopévav mou
Kataypagdetl o avixeutrg ARCA.

'‘Ocov adopd v avdaduorn Sebopévev, PeAETATAl TO KATA TIOCO TO PAIVOLEVO TOU Se-
dimentation ennpeddel ta YnPpraka oruika ototxeia tou aviyveutr) ARCA. I'a to okoro
AUTO PEAETOVIAL O1 OUXVOTNTEG AVIXVEUONS TOV A100NTHP®V POTOG EVIOS TOV OITTIKMV OTOl-
XE1OV WG OUVAPTI O TOU XPOVOU. LTV CUVEXELD EPAPHOOVIAL OTIG OUXVOTNTEG AVIXVEUONG
610pOwTIKO1 TTAPAYOVIES Yia TNV amOKP101] TV patortoAdandaciactev (pmt efficiencies) ot
ortoiotl £€xouv urtodoytotei oto KM3NeT kat ripoxkurttouv ano pia dadikaocia Badbpovout-
ong. O urnoAoylopog toug Baoidetatl oty peA€tn yeyovotev amno tig padlevepyeg laomaoelg
K* 610 9adacowvo vepd. Aflodoyoviag ta avriototya anoteAéopata MPOKUITIEL Tl UIdp-
Xe1 ep1Boptlo yia rnepattep® PeAtioon. KataAnktika, mpoteiveratl pla tpomomnoinon g
untapyxouoag pebodou Babpovopiong.






Abstract

The goal of this thesis is to study the long term performace of the KM3NeT/ARCA
detector. When this detector is fully constracted, it will operate as a high energy
neutrino telescope.

At first, a reference to neutrino astronomy and its importance is presented. The
ARCA detector as well as the principle of cosmic neutrino detection are described.
Additionally, the main sources of background radiation are mentioned. Finally, the
data the ARCA detector collects is discussed.

A study of the effect of sedimentation is performed. The KM3NeT/ARCA data are
analyzed in order to evaluate whether the photomultiliers of the digital optical modules
are affected by the sedimentation effect and by how much is performed. For this
purpose, the detection rates of the pmts are studied as a function of time. Furthermore,
correction factors which describe the response of the pmts (pmt efficiencies) and have
been extracted via a calibration procedure are applied to these detection rates. These
correction factors are based on coincidence rates from K decays in the sea water
and have been calculated within the KM3NeT collaboration. The respective results
indicate that there is room for further improvement. In conclusion, a suggestion on the
calibration procedure is made.
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KegpaAauwo 1

Aotpovopia vetpivo

1.1 To vetpivo

Ta ouotatikd g UAnNg Kabmg Katl ol POPEiS TV TPV Ao TG TE0oepls JepeAindelg
aAAnAemdpaocelg NG PUONG, MEPLYPAPOVIAL ATIO £vd JE@PNTIKA TTOAU KOPWO KAl IEpa-
Hatika akpiBeg padbnpatiko poviedo, ou ovapddetal kabiepopévo ipoturo [1]. Amo tg
aAAnderudpdoelg arouoladel n Baputnta, n oroia OP®S ATEXEL MOAU Ao 10 va Taifet
KaBop1oTIKO pOAO Og UTIOATOUIKO ertirnte6o. To PoviEAo autod eV OToXElwdwv oopatidiay,
Xwpiletat oe 6o Paoikég katnyopieg, ta Peppiovia kat ta Mro¢ovia. Ta deppidovia €xouv
NUaképalo aplOpo oy Kat anoteAouv 1d oUotdTikd g UAnG, eve ta Mnoddovia €xouv a-
KEPA1o aplBpo ormv Kat eivat o1 popeig 1ov otoxewdmv adAndsmdpdaocswv. Ta Peppiovia,
Siakpivovrat oe quarks kat Aertovia (Exnpa [1.I). To xabiepopévo mpdtumo, oAoKAnN-
POVETAL EAV CUVUITOAOYiOOUPE KAl T AVIIOOUATIdA Tov oTo1Xelndov oopatidiov, dnAadr)
oopatidla tétola wote va £xouv v i6ta pada, adda avtiBetoug 6Aoug toug dAAoug kBa-
Vukoug apibpoug. Agidel wotooo va avapepbel, mwg eve 10 KablEp@PEVO IPOTUTIO £ivatl 1)
o akpBng QuoiKr Sswpia ou £Xoupe, 8ev eppunvevsl EAIVOPEVA OTIOG Ol TAAAVIWOELS
verpivo kabwg ertiong dev mpoBAérnet pada ya auvtd. Akopun dev neptypdget v Baputikn
aAAndenidpaon, OMwg Kat tnyv Uapsn g OKOTEIVNG UANG. Zuvenwg, Sa mpérnet va undp-
X€l pla oAorAnpopévn Sewpia gppnveiag g @uUong, 1 oroia mpog To mapov pag eivat
Ayveortrn).
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ZxApa 1.1: Zxnuatikr avanapdotaon tev oopatioiov tou Kabiepouévou Tpoturou tov
Z101Xe10d0v Zoapatidiov



To oouatiblo oto Oroio EIMKEVIPWVETAL AUTH 1 HEALTN, £ival 1o verpivo. To verpivo
etvat geppidvio, dndadny €xel nuiakaipaia tpn spin (ouykekppéva 1/2) kat avrketl ota
Aemtovia. Yriapyxouv 1pia €181 verpivav, 00§ KAl 01 OIKOYEVELEG TOV AETTTOVIOV. AVAAUuTIKd,
UITAPXEL TO VETPIvO TOoU nAekTpoviou (), T0 verpivo Tou pioviou (v,) Kat 1o verpivo tou tav
(7). Ta verpiva bev €xouv @optio, yeyovog rmou ta Kdavel va adAnAermdpouv povo pe
m pkpng epBédeiag aobevr) adAndenidpaon pe duo tporoug. Me v aviadAdayr) evog
optiopévou proloviou W+ n W~ (Exfpata [2], kaBdg kat pe v avtaddayn
tou oubétepou pmoloviou Z. Ot adAnAerudpdoeslg autég ovopdldoviat adAnAermdpdoetg
(POPTIOPEVOU Kal OUBETEPOU PEVNATOS aviiotolyd, £attiag tng @OoPTIoPEVNS 1) OUBETEPNG
@uong tou 1adotn (Zxrpa 2].

Ul\\/l i\\/w

W+ W

Txfua 1.2: Vertices aAnAenidpaong v; kat v, énou | = e, i1, T péow tou prooviou W,

Vi\//i l\\//w

W=

W

Zxnpa 1.4: Vertices aAnAenidpaong v; kat v, érou [ = e, i, T 1€0w tou urtodoviou 7.



1.2 Koopirég ARtiveg

H axktivoBoAia mou amoteAeital amo muprveg Kat oopatidla uynAov evepyeiwv 1a omnoia
npogpxovtat ektog g I'mg ovopaletar Koowkn Axtwo6odia. H wkoopikn axktivoBolia
dlakpivetal oe HUo katnyopieg, NV MEWTOYeVn KAl TV OEUTEOLOYELN.

Tnv nipotoyevr] Koopikn aktivoBoAia ouviotouv Npetovia Kal ITUPIVES Td OIoia £ITt-
TayUvovial ano actpoPuolkeg Tnyeg. Anotedesital kata 74% amnoé mpwtovia, eve and 1o
unioAotrto 1ocooto to 70% stvat muprjveg HAtou (cwpatidia-a). To uréAoirno pikpd mooootd
TO0U ouvOAoU NG npetoyevoug Koopikrg AktivoBodiag arotedouv petadl dAA®v muprveg
AvBpaka xkat Z18rjpou ot ortoiot ouvtiBeviatl ota aotpa. H Seutepoyevrig KOOWIKLG AKTL-
voBoAia MPOKUITTEL OTAV TA OEPATIA TG TPMTOYEVOUS aAAnAermidpouv pe v atpoopalpa
1] aKOPn Kadl pe v 61aotpikn UAn. Amo tétolou £idoug aAlAnAemdpaoelg mPoKUIItouv
KUPI®G Tovid, Td oTtoia draomioviatl piovia Kat verpiva.

To evepyelako @AOHUA TOV KOOUIK®OV AKTIIVOV £lval apKetd eUpU, KAAUITIOVIAG APKE-
tég taels peyéBoug amo ta 10%V ég xat ta 1020eV. H por) 1oV KOOPIKGOV aKTiVoV ©G
OuUVAPTNOT) TNG EVEPYELAS TOUG MTPOOEYYIeTal aro tov eKOetko vopo [3] :

ﬁ XX E—’Y (11]
orou :
727, FE < Eppee =4 x 10V

v~ 3, Einee < E < Egpiie =5 x 108V
v & 2.7, Eaprie < E < 102V

Z10 Zxnua 1 MAPANAVE TIPOCEYYIOTIKY OX£0n rmaplotavetatl ypadikd. Eival eppaveig
ot aAAayég oty KAion otg tipég 4 x 10%eV (knee) xat 5 x 10'8eV (ankle) tng evépyeiag.
ErmumAov, Sev avapévovial KOOUIKEG aKtiveg e evépyela peyadutepn ard 102%eV kabdg
aUTEG AAANAETIIOPOUV JE TO KOOPIKO PIKPOKUHATIKO urtoBabpo (cosmic microwave back-
ground) 1o ort0i0 €ival AMOPEIVAPL ATO TNV PO Aot otV e&€AEn tou oupnaviog. To
(PAWVOHPEVO AUTO NG ATIOKOIING TG Porg eival yvoaotd og GZK cutoff.



FLUXES OF COSMIC RAYS
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Zxfpa 1.5: Pon tov KOOHIK®V AKIIVOV 0G CUVAPTN O TG EVEPYELAG.

1.3 IInyég Kai pnxaviopoi napaywyns verpivev

ApKeTA AOTPOPUOIKA avilkeipeva eival éppeoeg inyEg verpivov. Ta mpetdvia ta oroia
ITaPAYoVIal KAl EMmtaXuvovidl 0€ autd Td aotpodPUOoIKA avilkeipeva aAAnAsmdpouv péoa
1] Kovid toug e v riepiBaidouoca UAn (adpovia) kat ta nAskipopayvntika nedia (potovia)
HE0® TV H1ad1Kao1OV:

p+X st 4Y
\Mi + v (V) (1.2)
N eF 4+ ve(7) + (1)
p+X oKE4+Y
N\ pE + v, (7,) (1.3)
et + Ve(Ve) + Up(Vy)
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pt+y—rt+n
N+, (1.4)
Neet+ e+,

TURPOVA e TI§ TIApAndve d1adikacieg, mpokurtouy pecovia (1, K¥) ta onoia éxouv
IMOAU MIKPO XpOvo Nuidwng Kat draoreviatl pPetady dAAeVv Asmoviov ot verpiva.

Mep1kd amno 1a aotpoPpuolkA avilKeipeva ta oroia amnoteAoUv KOOPIKOUG ETTAXUVIEG
Kat €ival avukeipeva PeAEIng oG nnyeg verpivev eivatl ta akoAouba [4] :

¢ Evepyoi 'aAa§iakoi IMupnveg (Active Galactic Nuclei)

To KEVTPO MOAAGOV YaAA§loV AMOTEAEITAL ATTO P1a TEPLOXT] HEYAANG PRATEWVOTNTAS 1)
oroia €ival CUYKPIoIn PE TV CUVOAIKY] QRTEVOTNTA £vOg yaAadia. Autr) 1 Imeplo-
X1 €tvat yvoot] g Evepyog INajaiaxog Iupnvag (Active Galactic Nucleus-AGN).
H Evépyela yla tnv eKMOUI] AUTng NS PETEWOTNTAG TTAPEXETAL ATIO TNV PBAPUTIKY)
Katappevon UAng oe pia Yrepueyedn Mavpn Tpura (Super-Massive Black Hole). H
pada autig g Ueppeye0oug paupng Tpurag wwoduvapei pe miepimou 10® nAtaxég
pdadeg. H mAsiovointa tng evépyelag rmou exkAustatl aro evav AGN eival os popdr)
mdAkwv (jets) Tou eKméPnovial e OXETKIOTIKEG TayUtnteg otn 61éBuvorn tou dfova
TIEPLOTPOGNG TNS Paupng tpunag. Ot midakeg autol ouvVioTOUV KOOHIKOUG ETTITAXU-
VTG 0TOUG o1toioug rapatnpouviatl ot aAAnAermdpaoceig 1.2-1.4 kat katd ouveénela n
EKTTOUITY VETPIVEOV UYNADNG evépyelag Kuping ot dieubuvon tou midaka.

Zxnpa 1.6: O yadaSiag IC3639. H goteivr) Tieploxn) oto KEVIPO Tou givatl évag AGN

¢ ExAdpyeig Axtivov I'appa (Gamma Ray Bursts)

Ot exAdpyeig aktiveov-y (Gamma Ray Bursts-GRBs) eivat évioveg rinyég nAektpo-
payvnukng aktvoBoAiag oto @dopa v aktivov-y. H Sidpkela toug kupaivetat
aro 0.1 éwg 10 deutepdAertta pe PiKPO XPOvo avodou tng Tagng tou evog X1A100ToU
tou deutepodénou Kal ekBetkn €§aoBévion. H evépyela piag turukng GRB eivat
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g té&ng tov 10" J, woduvaun pe to 1/2000 tng nAwaxng pagag. Xto oxiua
apouotadovial Ol KATAYEYPANHEVEG EKAAPUYPELS AKTIV@V-Y Ao TtV arnootodn BA-

TSE. Eivat eUkoAa avilAnIrtr 1 100TEOI KATAVOUL IOV ITAPATNPH0E®V 0 OAO TO
€UpPOG ToU oupdviou S0dou. ErumAéov €xe1 mapatnpnOei ot pia GRB akoAoubeitat
ano pia exkropr] aktivag-X. Metpoviag tnv PETatonion g tTeAeutaiag mpog 1o epu-
9p6 avakadupbnke n e§oyaladiaxn rpoéAsuor tou @atvopévou tov GRBs, kdtt rou
ermBaBaimveral Kat arnod v 100TPOor] KATAvVoul] T@V MAPATHPHOE®V OTOV OUPAVIO
Sodo.

2704 BATSE Gamma-Ray Bursts

+90

107 10° 10° 10*
Fluence, 50-300 keV (ergs cm™)

Zxhpa 1.7: Mapatnpnoeig GRBs ano to nieipapa BATSE.

Zxeukd pe my dtadikaoia napaynyng v ExAapypenv Aktivov-y Atya eivat yveotd.
Qot600 auto 1ou yvepi{oupe eival 0Tl 1 EKITOUI] yivetat oe HU0 OXETIKIOTIKA jets
pe avtiBeteg kateuBUvoeg.

Ynepxraiwvogpaveig actépeg (Supernovas)

Armotedel v KATAOTAOT OV Oroid T0 ACTPO EKPNYVUIAL, Kdl ONpatodotel 10 t€Aog
g {wrg tou. H evépyela mou ekAvstatl kata v EKpndn eivat oAy peydAn Kat pro-
pel va Semepaoel Vv evépyela OU aKTivoBoAgital aro 10 aotépt Kata t Sidpkela
0AOKANP1NG NG {wrg tou. To mapayopevo @®G, PITOPEL va UTIEPKAAUYPEL TO PROG TOU
yaAaia otov oroio Bpioketatl 1o Aotpo yia Xpoviko dtactnpa e86opdadnv 1 akopa
Kat pnvov! Ta dotpa, Adye g tepdctiag padag toug, XPeladetal va mapayouv ou-
VEX®OG HEYAAA TOOA eVEPYELAS WOTE VA PNV KATAPPEUOOUV edattiag tou i6lou toug
tou Bapoug. H evépyela autr) mpogpyetal armo v ouvindn mupnvev, apxikda udpo-
yOvou Kat nAiou, pExpt va yivel ouvinin o€ ruprveg o18rjpou 1 kat vikediou. Kdamnowa
A0TPA ®OTOCO OUVINKOUV TOUG ITUPIVEG TOUG HEXPL VA HETATPATIOUV OF ITUPIVES 1)-
Alou, Katl UoTepa emEPXETAl MIWOTN TS JeppoKkpaociag toug pEXPt va yivouv Agukoi
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vavot. Av autoi ot Aeukoti vavot eivat pépog evog SumAou aotépa, ToOte PIopouv va
aroortdcouv UAnN aro 1o aAAo daotpo tou {euyoug. ‘Otav n pdada toug Sermepdoet 10
opto Chandrasekhar, to omnoio 1ooduvapet pe 1.44 @popég tnv nAtakn pada, ta aotpa
autd KataAfyouv oe ureprawvopavn ékpnén turou la (Type Ia supernova). H éxprn)-
&n autr), 6ev avapéverat va rapdet peyadlo apbpo verpiveov. Ta peydda daotpa
®O0T000, 9a PTACOUV Ot €va AP KUKAO VOUKAEOOUVOEONG VA CUVINEOUV aKOUn Kat
rupr)veg o1dr)pou Kat vikediou, ta omnoia Sa dnpioupyroouv €va muprva oto Aotpo,
10 or10i0 Ya PTAcEl va KATappeUoel 0 supernova (UrnepratvoPpaveig KatappEoviog
nuprjva). X& autd ta dotpa n ekAudpevn svépyela da esivar kata 99% oe popen
verpivev péow duo pnyxaviopeov napayeyns. Tou pnxaviopou Seppikng napayw-
YIS, 0 011010G TTapAyet verpiva 0A®V T®V YEVE®V, KAl TOU PIXAVIOHOU NAEKTPOVIAKNAG
oUAAnyng, p* + e~ — n° + 1, 0 oroiog Mapdyetl Povo Verpiva nAektpoviou.

1.4 Tati Aotpovopia vetpivo;

O MPWTOG AViXVeUTn§ otV 10topia tng avipenotntag ivat to aviporuvo patt. 'Etot,
o0tav 0 AvOp®IT0g ONK®OE T0 KEPAAL YNAdA Kat Koitage tov oupavo, eixe tnv ikavotnta va el
0Aa eKelva Ta 0OPATA TTOU EKTTEPTIOUV PETOVIA OTO PACHA TOU opatou. Me tnv tapodo tou
XPOVOU KAl TNV IIPO0d0 TRV QUOIK®V ETIOTNHOV, 01 A0TPOVOH0l §eKivnoay va Xaptoypapouv
10 8aotpa. Tepdotia oBnon oy actpovopia E60OE 1 EMIVONON TOU TNAEOKOITIOU ATIO
tov F'aAdtdaio tov 170 aiwva, SEKVOVIAg Pid Moyt rapatrpnong oupaviov coPAT®V 1Tou
bev fltav opatd pe yupvo patt. ‘Opwg, 1 XPHon IV gEIOVIEV 0To opatd NAEKTIPOPAY VI TIKO
@AoPa ®G T0 1OVo PEco petadpopdg rAnpopopiag reptopide g duvatdtnteg e§epelivnong
tou daotpatog. Xapakmnplotko rapddetypa etvat ot aotépeg verpoviov (Pulsars) ot
OIT0101 EKTIEPUITIOUV TIAAJI0UG OTO PNKOG KUHPATOG TV padloKUNAT®V, aAAd KAl o Popor)
axktivov X kat 7. 'Etot o1 aotpovopol avenmuéav tig UroSoPEg Kal TG TEXVIKEG TOUG WOTE
VA PEAETNOOUV PROTOVIA O OAO TO PIKOG TOU NAEKIPOPAYVITIKOU (PACHATOS.

Axkopa Kat €101 OPG, T0 PETOVIO JETEL aKOPA TIEPIOPIONOUG otV napatnpnor. Pdat-
vopeva onwg ot Yriepkawogpaveig Expréeig (SN) 11 o1 Evepyoi T'aAa§iakoi [MTuprveg (Active
Galactic Nuclei-AGNs) rtav §UokoAo va pedetnfouv kabwg eivat adlagavn yia ta gatovia.
Eniong, n por] 1oV @otoviov otig UPnAég evépyeleg eival MOAU PIKPI, €Ve aKOUr adAn-
AerdpouUV O€ AUTEG TIG EVEPYELEG HE TA AVOTEPA OTPAOUATA TIG ATHooPAlpag, Kadiotoviag
6UOKOAN TNV apPATPNOoN G APXIKLG ToUg Kateubuvong.

Tn Avon oe autd ta mpoBAnpata £pyxetal va daoet 1 actpovopia verpivo [5]. 'Onwg
poavapEPOHNKe ta vVerpiva eivatl apoptiota AEmTovia rmou ta§idevouy pe v tayxutnta tou
P®OTOG, Kal aAAnAsrudpouv povo pEom tng aobevoug upnvikng adAnldemnidpaong. 'Etot, ot
TPOX1EG TOUG Hev eKTPEMOVIAL ATTO TA PayvnTikd redia mou Sa ouvaviroouv otnyv mopeia
T0UG, Kal emiong KAbe pop@r| UAng sivat oxedov diadavrg yia avtd. Eve ya éva potovio
Olapkel ekatoviddeg x1A1adeg Xpovia ®Ote va @tacel oty smgpavela tou ‘HAwou aro to
E0MTEPIKO TOU, Katl va @taocet otn I'n, ya éva verpivo drapkel poAg oktw Aerttd, dnAadn
BOvo 000 xpetadetal yia va kaduyet tv anootaon ‘HAou-T'rg! Ta npwtdvia pe ) oepa
TOUG, AV Kadl artoteAouv Peydalo PEPOG NG KOOUIKIG aKtivoBoAiag, sival goptiopéva oopa-
1i61a Kal @G €K TOUTOU €KTPEMOVIAL ATI0 TA KOOUIKA payvhukda nedia. Qotdéoco, 6da autd
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1A MAEOVEKTHATA TOV VETPIVOV 0UVOSeUO0VIal Ao To PeloveRTnpa g duokoAiag avixveu-
ong toug. H amodouxkomra (efficiency) yia v avixveuon verpivev eivat mg tagng tou
10715, evé yia v avixveuon gotoviev eivat ~ 0.5 . TMapd ) Suokodia avixveuong tev
VETPIVOV adOoU ATAltel TV KATAOKEUT] MOAU PEYAARDV AVIXVEUTIKGOV S1aTdSemV, TO Yeyovog
0Tl PITOPOUV va 6®Oo0UV IMANPOPOPIES Yia Vv MPoEAeuot) Toug, dnAadr| Tig KOOPIKEG TINYES
aro tg oroieg exkreprnoviat (Keg. 1.3), ta kabiotda povadikoug gopeig mAnpodopiag otnv
aotpovopia (Exnpa[1.8).

Zxfpa 1.8: To verpivo ©G popeag MANPopopiag otnv actpovoilid.
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Kepaliaiwo 2

To unoBpux10 TNAECKOMIO VETPLVRV
KM3NeT

To neipapa KM3NeT eivat pia ouvepyaoia oty ornoia CUPHPETEXOUV ETIOTIHIOVES ATTO
APKETEG XWPES KUpiwg tnNg Eupwring, e 0Komo v eyKataotact) UroBpuxlov aviXVEUTIKOV
dlatadewv kat anotédeopa v avixveuorn verpivav [6]. Ot aviyveutikég datadelg sivai
oe 61a81Kaola KAtaoKeUrng, eve PEPOG TOUg eival dn moviiopévo oe 6Uo tortobeoieg g
Meooyeiou 9ddaocoag, oy Zikedia 100km avoiytd tou Porto Palo di Capo Passero oe
Bdabog 3400m (KM3NeT-1t), xat otnv Notia T'addia, riepirou 40km €§w and v Touddv oe
Babog 2400m (KM3NeT-Fr). ErmuA¢éov mpokettatl va xpnotporonfel pia akopn torode-
ola yla v movuon unoBpux1ou aviXveutr, 1 oroia Bpioketal otv EAAAda, avoixtd wng
ITuvAou kat otnv ortoia n akp1Brg 9o yia v dnpioupyia avixveutr) eivatl urno S1epeuvnon
oe Bd&On petagu 3000 — 4550m (KM3NeT-Gr) xkovid oto o Badu onpeio g Meooyeiou
®dAaocoag. Ot mapandve Tortodeoieg elval aUTéG OTIG Oroieg AETTOUPYOUOay 1] AEITOUPYOUV
avtiotorya ta nepapata verpivov NEMO, ANTARES kat NESTOR, ) nieipa aro ta ornoia
elvatl moAvutun napaxkatabnkn yua myv e§eA€n tou KM3NeT.

Cities and Sites
of KM3NeT

Zxnua 2.1: IToAeig o1 oroieg @Aogevouv votitouta 1ou ouppetexouv oto KM3NeT
(dorpo) kat toroBeoieg MOVIIONG TOV AVIXVEUTHOV (KiTp1vo).
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To unoBpuyio tAeokorio verpivov KM3NeT cuviotatat aro 6Uo0 S1apopetika e0TE-
PIKA MEPAPATA TIOU ETMTEAOUV HUO H1aPOPETIKOUG OKOTIOUG Ol OII0101 £X0UV G KO1VO TO
YEYOVOG OT1 PUIopouv va ermteuxBouv pe v aviyveuorn verpivov. O évag okormog €xet va
KAVeL Pe v peAétn g 16lag tng @uong 1ou oopatidiou Kal cuyKekpipéva pe v Ote-
PEUVN 0T TOU MPOBANATOG TG lepapXiag @V padov TV verpivav, yla To OIoio urdapxouv
U0 avoiytég ripog draAeukavor unobeoelg. Autd Sa pedetnBel péow ToU PATVOPEVOU TRV
TAAAVIOOE®V VETPIVOV XAUNADV EVEPYEIWV NG TASNS TV HePK®OV GeV He ToVv  aviXveutn
ORCA (Oscillation Research with Cosmics in the Abyss). O avixveutig ORCA eivat oe
6ladikaoia novtiong oty tonoBeocia KM3NeT-Fr eve ta ipata dedopéva £xouv cudAexOel
Kat avaAvoviat. A§idelt akopun va onpetwdel g Pe ) XPrion autou T0U aViXVEUTH] PIopel
va pedetnOet ) vnapdn oxkotewvrg UAng (Dark Matter).

To aAdo okélog ToU melpapartog adopd v aotpovopia verpivo (Kep 1.4). H pedérn
yld TV Katavornorn g oUotaong TV aoTPoPUOIKAOV AVIIKEIPEVROV Kal TG rieptypadng dia-
POP®V @AIVOPEVOV OTA OTIola autd epmAEKOvVIAl ermtuyxAavetal pe tov avixveutr) ARCA
(Astroparticle Research with Cosmics in the Abyss). O avixveutrjg ARCA eivat umo
rataokeun oty tornobeoia KM3NeT-It eve kat yia autdv £xel apxioet 1 ouddoyn debo-
HéVeV KAl n avaduorn toug. Zinv mAnpen popdn tou Sa €xet ) duvatdtnta va aviyveuet
verpiva evepyelag and TeV wg exkatoviadeg PeV. Zta emopeva nepiypdderal mepetaip® o
avixveut)g ARCA oe 611 agopd ta e§aptrjpata aro ta ornoia anotedeitat, 1g PAoikég apxEg
avixveuong verpivov adAd kat ) dopr) Ing mAnpogopiag mou cudAéyetal anod autov.

2.1 O aviyveutrig KM3NeT/ARCA

O aviyveutrig ARCA otnv tedikn popor) tou Sa anoteAeitat and dvo building blocks
érou 1o kKabéva 9a £xe1 evepyd dyko 0.5km? oe KUAVEPIKO oXIa, oXNPATILOVIAG CUVOATKO
evepyo oyko 1km?. H axtiva g Paong tou kae buildinng block 9a éxet prkog 500m
EV® TO UYoG tou KUAivEpou Sa eivat 612m.

KM3NeT/ARCA one building block

(m
e P P T P

115 strings - d_=90m
av

-400 200 0 200 400
x (m)

Zxnpa 2.2: Katoyn evog buildinng block tou avixveutr) KM3NeT/ARCA.
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O evepyog Ooykog dnpioupyeitatl aro 115 aviyveutikég povadeg (Detection Units - DUs)
01 o1t0ieg ival KABETEG YPAPIIKEG OUOTOLXiEG TTOU PIAOTEVOUV 36 YPNP1aKA OITIKA OTOLXEIA
(Digital Optical modules - DOMs) nj kaBe pla. Autég tornoBetouvial oe arootaon ~ 90m
petadu toug oxnpatioviag tov avixveutr) ARCA (Exrjpa2.3). ) ouvéxea rieptypdpovrat
OUVOITIIKA Td ITponyoupeva SU0 eImMPEPOUG OUOTATIKA TOU AVIXVEUTL).

2.1.1 Aviyveutikn Movada / Detection Unit - DU

H avixveutikég povadeg eival ypappikeég ouototlyieg mou movtidovial pe OKOmo Tnv
dnpoupyia tou aviyveutn. Kabe aviyveutikr] povada amotedeital ano §Uo oxovid Tormo-
Yetnpéva mapdAAnda tov oroinv o1 HUo KATH AKkpeg eival aykupoBoAnpéveg ato Bubo eva
otig U0 enave ouvdéovial onuadoupeg ot ortoieg afattiag tng aveoong S1atnpouv ta oXot-
vid Kdbeta os oxéon pe 1o £€6apog. Avdiieoa ota oxowvid givat tortofetnpéva 18 ynelaxka
orttikd otoixeia (DOMs) ta oroia 6rwg Sa neptypael MAPAKAT® £XO0UV 0PAIPIKO OXNHd.
H andotaon 6o Sadoxikwv DOMs eival 36m, ouven®wg r OUVOAIKY] Arootacn arnod 1o
PAOT0 ®g 10 tedeutaio DOM eivat 612m, n oroia ouprtirtet T0 UYPog TOU evepyou OYKOU
TOU avixveutr rou dnpoupyeitat. Kata pnkog mng avixveutikng povadag urndapyxouv Kat
1a KaAodia ya myv tpopodooia twv DOMs 6nwg Kat o1 OItiKeg tveg yla v petadoon g
nAnpogopiag otn oteptd. O1 BACEIS TOV AVIXVEUTIK®V PovAdmv cuvdeovial pe €éva KaAwo1o
BaBeiag SaAdoong pe Evav otabpo ot otepld 0 OI010G CUYKEVIPWVEL TNV IMANpodopia arod
1A OITIIKA OTOlXEla.

Zxhpa 2.3: KaAAttexviki amneikovion Piag aviXVeUuTiKrg povadag.
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2.1.2 Wno¢uako Onuko IZtoixeio / Digital Optical Module - DOM

To Wnolako Omuiko Xtoxeio (DOM) eival €vag opaiplkoy oxXnpaAtog aviyveuthg pe 18
aro Toug oroioug edpodiadetal kaOs avixveutkr] povada [7]. Ta eaptfjpata tou DOM
eonkAeiovtal oe pa yudAwn opaipa diapérpou 43.2 ¢m pe 10 IAX0G TOU YUAAL0U va givat
1.4 em ®ote va aviexel v ubpootatikr) rmieon. Kabe DOM miepiexet 31 @potoroAdarnda-
owaotég (Photomultiplier Tubes - PMTSs) pe 81apetpo 8 cm opoyevig Katavepnpéevoug os
OAn Vv £KTAON NG EMPAVEIAS TOU €KTOG ATTIO TO EMAVE HPEPOG PEC® TOU OTOIoU Ta nAe-
KTPOVIKA OTO1XEla TTOU BpioKovial OT0 E0MIEPIKO TOU Petadibouv minpopopia kat SExovrat
NAEKTPIKO peupa yla Vv Aettoupyia Toug.

Ta PMTs Bpiokoviat otnv srmgaveia tou DOM katavepnpéva oe opddeg tov 6, pe
KOWO XAPAKINP1oTIKO KABe opdadag tnv moAKr yovia tov dfocwv tov PMTs tng. 'Etol
priopoupe va §exwpiooupe ta PMTs oe mévie opdadeg (Rings) twv 6 pe moAkég ywvieg
56°, 72°, 107°, 123°,148° n xaOe pia. H alQipoubiakég yovieg Sievbuvong rmou oxnuati¢ouv
ta yertovika PMTs oe kd6¢ ring eivat ioeg. Axopn éva PMT éxet d1eubuvon nipog 1a KAte,
Bpioketat dndadry oe moAkn ywvia 180°. Zuvénela 1@V maparndve £ival Mg oto Iave
nuogaipto Bpiokoviat 12 PMTs, eve avtiotoixa oto kKaww Bpiokoviat 19. Tédog, to DOM
rep1B8aAdetl éva petaAdiké KoAdpo Péom Tou oroiou ouykpateitat anod ta §Uo oxowvid g
AVIXVEUTIKNG povadag.

ZxHpa 2.4: 'Eva DOM tou aviyveutr] ARCA cuvdedeiévo 11e ta 0X01Vid TG AVIXVEUTIKIG
povadag. Ta PMTs pe v 1d1a oAk yevia (1) wooduvapa pe 1o 1810 Uyog anod 1o
KATOTEPO ONPEio TOU) ouvicToUV €va ring.
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Zxnpa 2.5: ‘Artoyn evog DOM. Atakpivovtat ot eToroAAanAaoclactég Tou Kabng Kat 1
oUv8eon TOU OTO OXOWVi TG AVIXVEUTIKIG povadag PEC® TOU KOAAPOU.

Miua onpavuikn kawotopia tou KM3NeT eivatl ta Wneakd Onukd Xtoixeia mmou re-
prypapnkav raparnave. To KM3NeT eivat 1o mpoto neipapa mou xpnotpornotet ontkd
otoyeia pe €010 AN00g PETOTIOAAATTAACIA0T®V VA KAAUITIOUV 0Xe60V OAn 1) OTEPEd YO -
via [7],[8]. H apxitektovikr) tou DOM augavet ) Siakpitiky] ikavotnta Kabog urdpyet n
MANPOPOPia OXETIKA HIE TO TI010G PAOTOTIOAAATTAAC1ACTLG EKAVE TNV AVIXVEUOT] KAl EMOPEVOG
Ao Iold PEPLA TOU OTTIKOU OTo1Xelou TiporjAbe 10 @®Tovio. Xta umodoirna melpdpatd a-
vixveuong verpivav PEXpl onpepa 6ev PIopel va urndpsel autr) n rminpogopia mapa povo
H€ OUOYXETIOPOUG S1aPOPETIK®V OMIIKOV OTO1XeimV, KaBmg KAOe ortikd ototxeio €xel Evav
peyado gaotoroAdaniaotaoty).

[Ipoxwpwviag éva Brjpa naparépd, n Urapdn autou tou MARO0US TV @eTOroAAarAa-
Ola0TOV PAG EMITPENEL VA UITOPOUHE VA CUOXETI{OUHE TIS AVIXVEUOELG £VIOG TOU OITIIKOU
otoixeiou. Zuvenwg propoupe va kabopicoupe éva eminedo okavdaAiopou £1o1 ®ote va
Kataypdgetal 11 minpodopia mouv propet va @avel xpnowun yla rnepetaipe avaiuvorn. A-
KOJI), HITOPOUHE VA KATAVOI|COUHE ATTOKAEIOTIKA PEO® £vog Omuikou Ltotxeiou v mpo-
€UAeUOn TOU oNpatog. X1o XNua napouotadetal np ouyvotnta pe v onoia m PMTs
IIPAYHATOIOI0UV aviXVeuor) og éva Kaboplopévo Xpoviko rtapadupo 25 ns, yia §uo DOMs
ta oroia Bpiokoviatl oe dapopstika Badn ~ 2800m (kokkwvo) kat ~ 3400m (prAe). Ia-
patnpouvial §vo Sradopetikég KAioelg. Ta m < 7 n kAion eival ave§dptn) tou Baboug
kaBog eivat id1a kat yua ta §vo DOMs. Avubétwg yia m > 7 n kAion eival S1apopetikr)
Kat e€aprdtal and 1o Babog. H mpatn kAion ogeidetatl oto padievepyo oétoro K40 eved 1
devtepn ota atpoopalpika piovia [10].

Ta rapandve cuprnepdopata Propouv va egaxbouv arokAeiotika anod éva DOM e&at-
tiag g npwtoropou oxediaong twv Ontikev Lxediov tou KM3NeT. Apgotepeg ol tapa-
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MAave nnyég unoBabpou meptypadovial avaiutikotepa oto Kegp. 2.3.
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ZxApa 2.6: Zuyxvotnta pe v onoia m PMTs mpaypatonolouv aviyveuon oe €va
raBoplopévo xpovikod rtapabupo 25 ns, ya duo DOMs ta oroia Bpiokoviat oe
drapopetikd Babn ~ 2800m (koxkkivo) kat ~ 3400m (parAe).

2.2 M:0060og Avixveuong Koopirov Netpivov

Zxorog tou aviyveutr) ARCA tou untoBpuyiou tmleokortiou verpivov KM3NeT eivat va
eKTeEAE0EL aotpovopia pe @opéa 1o oopatidlo tou verpivo. Ia va ermteuyBei autog o OKOTIOG
akodouBeital n turiky d1adikaocia mou akoAouBouv ta melPAPaATa AviXVEUONS KOOHIK®OV
verpivaov [11].

ZNPavtiko mAeoveKtnpa tou verpivo (Keg. 1.4) eival g aAAnAembpd moAu acBevikd
He Vv UAn, kabog aAAnAsemdpd péow g acBevoug aAAnAemidpaong, KATL TTOU €XEL OG
ouveérnela 1 UAn va etvat oxedov adiadavrg yia auvto. To yeyovog autd mou kabiotd 1o
VETPIVO TO00 EAKUOTIKO HECO Y1d TV EIMITEUST AOTPOVOHIAG £XE1 T PEIOVEKTIATA TOU OOV
agopda v aviyxveuorn tou. Ot aviXxveutég verpivav mmovridovial 1 eykadiot@vial o peydia
Babn pe okomo va neplopidetal 600 10 HUVATOV TIEPIOCOTEPO TO UTIOBAOPO ATIO TNV KOOHIKT)
axtivoBoAia, EVE TIPETIEL VA £X0UV APKETA PEYAAO EVEPYO OYKO £§attiag Tng PIKPLHG POL|G OTIS
EVEPYELEG TV KOOPIK®V verpivav. Ta eviiapépovia yeyovota yla TOUG AVIXVEUTEG AUTOUS
etvat autd tev oroiwv 1 Ipox1d £€Xe1 KAteUBUVOT) Ao KAt pog ta nave. Ta yeyovota auta
TIPOEPXOVIAL ATIOKAEIOTIKA Ao verpiva, kabwg autd sivat ta pova copatibia mov priopouv
va damtepdoouv tn I'm. H xprjon avty) tng I'ng og @iAtpo dev pmopel va epappootel ya
Ta atpoodalplkd verpiva ta oroia arnoppirrtovial P€0® TOU IPOad10P1o0U NG EVEPYELAS
T0UG, 1 oroia eival apKetég TATEIS PEYEDOUG MIKPOTEPT A0 AUTH] TV KOOHUIKWV VETPIVGV.
Ta verpiva pe t€tolou e1doug Tpox1Eg aAANAEmdpoUV Kovid 1] P€od OTOV AVIXVEUTI] HE
1A Popla ToU VEPOU PEO® aoBevoug aAAnAemnidpaong OUSETEPRV 1] POPTIOHREVOV PEUHATOV.
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Zinv nepimmorn aAAnAenidpaong PE0® QOPTIOPEVOU PEUPATOG TO VETPivo divel Eva Aerttovio
10 OTI010 OTNV UPNAR EVEPYELA EVOIAPEPOVIOG EXEL TPOXLA EUOUYPAP HE AUTH] TOU VETPIVO.
Zinv nepim®on mou 10 AemIOVIO auto eival 1o P1ovio, 1] TPoX1d ToU €XEl NIKOG KATIOEG
6exrAdeg PETpa pECA OOV AviXVveUTt) ot 61dpKeld TV oroiov aktivoBolei kata Cherenkov,
adou eivat Qoptiopévo KAl 1] TaXUTNTd ToU ivatl PeyaAutepn) aro 0Tl T0U OTOG OTO VEPO.
H tpox1d autt] avakataoKeudadetdl PEOR X@POXPOVIKOV CUCXETIOI®MV TV AVIXVEUCERDV TTOU
Kavouv ta PMTs ota DOMs (Zxnua Aptotepd). Ta verpiva ta oroia aAAnAemidpouv
HE€o® oudetepou peupatog dieyeipouv Evav muprjva 10U HPECOU, O OIoiog amodieyeipetal
EKTIEPTIOVIAS PROTOVIA ATTO TA OTI0ia AvaKATAOKEUALETAl 1] TPOX1A ToU VeTpivo (Zxhpa
Ae§1a).
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Zxnpa 2.7: I[Ipooopoimorn yeyovotmv PEom aAAnAenibpaong QopTIoHEVOU PEUIATOS ATTO

vetrpivo pioviou (Aptotepd) kat oudétepou peupatog (Asgld). O XpOPATIKOG KOS1KAG
avarnaplotd To XpOvo Kataypadrg @OToviov armnod KAOs OTTiKO OTo1XElo.

2.3 Baowkeég IInyég YnoBaOpou

'Onwg eivatl ipodavég, ta uroBpuyia TNAEoKOIA VEIPIVEV £X0UV 0§ KUPL0 OKOITO TOUG
TV aktivoBoAia Imou IPoEPXETaAl Ao VETPiva Mapayoeva 0 KOOPIKOUG ETMTAXUVIEG. XU-
venwg, ortotadnrote AAAn aktivoBoAia arotedet unéBabpo, to oroio mpémet va pedetnOet
Katl va apailpedel IIPOOEKTIKA ATI0 TOUG EPEUVITEG.

To unéBaBpo yla Toug avixveutég, propet va xwplotel oe duo katnyopieg. H mpotn,
agpopd 1a oEUATIda Ta onoia IPoépyovial arto TV AAANAEnidpaocn 1OV KOOUIKGOV AKTiVEOV
He ta popla g atpoopatpag. H devtepn katnyopia neptdapBavet tnv aktivoBolia aro to
Yadaoovo vepd Kat toug EpBloug opyaviopous.

e ATpoodalpira vetpiva Kat piovia: ‘Onwg avadpEpdHnke 010 MpOto Kedpdadaio, n a-
noopatpa BopbBapdidetatl armo koopkr) aktvoBoAia, rapayoviag deutepevouoa Ko-
OMKY aktivoBolia, dnAadn verpiva, piovia kat ndektpovia. Ta nAexktpovia sivat
BpaxubBia, apou KAataAryouv va KAVOuUv NAEKIPOPAYVITIKO Katalylopo, dnAadr) ou-
vexelg ave§eédeyteg NAEKTIPOPAYVNTIKEG AAANAeTUSPACELS, KAl OUVEN®OG Hev @TAvOUV
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otn Y1) ®ote va avixveubouv. 'Etot, o1 urtoBaAdoo1ot aviXveuTEg VEIPIVAV, aviXveuouv
averuupnta uPnloevepyelakd piovia atpoodalpikig npoédevong. To yeyovog ott
ol aviyveutég PBpiokovial oe peyado Saddooio Bdabog, av kat anotedel pla mpoin
Swpaxion, dev AUvel auto 1o rpdBAnpa. I'a to Adyo autod katd ty eneepyaoia tov
dedopévav, ouyva ylvovtatl arnodektd wg verpiva povo oopatidia rmou £€X0uv avodiK)
rnopeia ®g mpog tov aviyveutr), dndadr) copatidia ta ornoia ETAVOUV OTOV AVIXVEUTH)
gxovtag dtaoyioetl 10 e0wtePKO NG I'Mg. Auto eival éva evdoyo t€xvaopa, apou 1o
VETPivo glval to povo ocopatidlo ou prnopel va dianepdocet ) I'n. Autr) n xprion g
I'ng og @iAtpo, €xel WG OUVETELA T1] O1EVEPYEIA ACTPOVOUIKWY TMAPATNPT|0E®Y OTOV
avtiBeto oupdvio S6Ao aro autdv mou Ppiloketat o aviyveutng. ‘Opwg, ereldn) yla
UYPNAOEVEPYELOKA VETPiva evépyelag peyadutepng aro pepikda Pel n I'r eivat oxedov
adiapavng, 9a npénet va auvinbei n feviBiakr) anodoyxr). Ta atpoodpaipikd verpiva
BIIOpOoUV HPOVO vd EVIOITIOTOUV POVO AIO TNV AVAKATAOKEUI] TG TPOXLAG KAl EVEP-
Y146 T@V P10VieV Iou TTapdyouv, apou ta UPpnlosvepyelakd piovia ivat mmo mbavo
va €xouv e§wynvn rpoéAeuor. Ilap’ 6Aa ta apvnukd tng, 1 Por g aktivoBodiag
urtoBdaOpou eivatl éva Kado PECO WOTE va UTOAOY10Tel 1 artddooT) TOU AVIXVEUTL).

@aldococia padievépysia kat Brodutavysia: To padievepyo otoxeio K*° ouva-
vtdtal maviou otn guorn. Eidiwkotepa oto Salacowvo vepd, n muRvOotnia tng evep-
yotntag tou eivat 12 kBg/m?. To K0, éxe1 U0 kavddia amodiéyepong pe evEPYEleg
~ 1MeV:

VKa—%Ca+e + 1,

YKo =4 +et +v, > PAr+ v+ e + 1,

Ta nAektpdvia o napdayoviatl, ouvrBwg MAnpouv Tig npounobéoetg ya va dnpioup-
ynoouv axktivoBodia Cherenkov n oroia avupetoni¢etat oav unoBabpo. Qotdco, n
aktvoBoAia autr) Popel va XProlpIeUucel OTOUG EPEUVITEG MOTE va KAavouv Babpo-
VOUNOT] TOU AVIXVEUTH.

Mua dAAn ninyr) vrtoBabpou eival n frogpetavyeta. Autn opidetal og 1 KAvVOTTA TRV
¢pBlev opyaviopev va rnapdyouv @og. Ot attieg Tou gatvopévou rnotkilouv. Mropet
va TPoKANOetl armo Paktfpld, IoU eKMEPITOUV otabepd aktivoBolia oto mépaopa 1ou
XpoOvou, 1] amo peyddutepa mAdopata tng 9dAacoag, TMoU EKMEPTIOUV EKAAPYELS

HIKPOTEPNS XPOVIKNG S1dpKeLagG.

2.4 Mopon TV Acdopévav Avixveuong

To KM3NeT akolouBei tnv taktikr g Apeong anootodng 6edopévev otov mapdktio
otabpo ouddoyrg toug [9]. Exel, yivetal nepattépe ene§epyacia Kat arnobrjkeuon toug.
Axopa kat o okavdadiopog (triggering) mpaypatonoteitatl otr otepld. O oravdéaAlopog e-
VOG aviXveuTn €ival 1 eKKivnon g KAtdotaong OtV oToid 0 aviXveutng Kataypadel Kat
opadorotei ouykekpipéva dedopéva péoa oe Eva Xpoviko apdbupo, ta ornoia Jewpouviat
unoyn o yeyovos. H radwdiwon odev tov aviyveutikov povadev oto KM3NeT yivetat
HE TN XP1on oplopévev KoUTiewv rmou ovopaldoviat junction boxes. Autd Bpiokovtat otov
rmubpéva g Yddaocoag, Kal eKel OUYKEVIPHOVOVIAL OAd Ta KAA®SA ATIO T AVIXVEUTIKEG
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povadeg, ta oroia petapépouv peupa kat dedopéva. Ia v petadopd v dedopévav
axkoloubeitatl n €§ng texvikr. Kdbe éva omuikod otoiyeio petapépet ofjpa pe ) 61kr) tou
kaBoplopévn ouyxvotnta. KdbBe omuikr) tva petadépel v mAnpodopia amo 1€00epig avi-
XVEUTIKEG povadeg, eropévag aro 72 DOMs. ‘Etot, otov mapaktio otabud AapBavetat Eva
onpa ya kabe DOM Eexwpilotd apou mpaypartonondel avaduorn yla tov S1axopiopd tov
ouyvotrtav [9].

Ta(hits), 6nAadn ta eotovia ou aviyveuvouv ta PMTs tou aviyveutr, xopiloviatl ot
1peig katnyopieg [13]:

e LO hits: Auta sival 6Aa ta hits mou kataypadet o aviyveutng

e L1 hits: H ocuykekpipévn katnyopia rneptdapbBavetl ta hits rmou Bpiokoviatl petadu
1Toug og pa \tormky ovprieon'( local coincidence ). Autry opiletal wg n Tepinioon
orou kataypdgoviat touddyiotov 2 hits oto 1610 DOM og éva yxpovikd rapddupo
HKPOTEPO arto 25 ns.

e L2 hits: Autd ripounioBétouv peyadutepo Babpo ouoxetiopou aro ta L1 hits petadu
TOUG, adOoU IIPETIEL VA UITAPXOUV TOTKEG CUHPITIOOELS O TIEPIO0OTEPA ATT0 VA OITIIKA
otoixeia.

Ta 6edopéva amno v Asttoupyia tou aviyveutr] diapepidovial Xpovikd o MAKETA TTOU
ovopdadoviat runs. Kabe t€to1o run Siapkei 6 opeg. Ta Sebopéva oe kABe run ywpidoviat oe
Tpelg katnyopieg. Lta summary slices kat ta time slices, ta ornoia repiEyouv mAnpodopieg
yia kafe 0.1 sec tou run, 6nAadn Asttoupyouv xwpig kamolag popdng triggering, kat oe
triggered, mou mepiExouv dedopéva mou 1KAvVOortoloUv TOUAAX10TOV Hld AIto T OUVONKEG
oxkavbaAiopou rou £xouv tebei. Avadutika [13]:

e Summary Slices: Autd kataypagoviat kafe 0.1 sec katl mepiExouv mAnpodopia
yia 0.1 sec yia 6do tov avixeutr). Xopi¢oviat oe Summary Frames, omou kaBe
éva mepiexet myv minpogopia ya eva DOM oto 0.1 sec tou Summary Slice. KdaBe
Summary Frame, niepiéxet t péon ouxvotnta aviyveuong yla kabe PMT tou DOM.
Ext0g aro auto, mepiExel Katl KArola aAAa arotxeia tng katdaotaong tou DOM, orwg
petadu dAAwv to av unirpée HRV (High Rate Veto), 6nAadr) andppiyn tov debopévov
edattiag oAU UYPnAng Péong TIUNG ouXVOTNTag aviXveuong, Kata rnaoca rmbavotnta
Aoyw Blogpetauvyelag.

e Time Slices: H mAnpogopia yia autr v katnyopia dedopévav cuddéyetatl aviiotot-
Xa pe ta Summary Slices. 'Eva Time Slice amoteAeitat aro Frames, éva yla kabe
DOM. Kdabe Frame, miepiéxetl ta hits oto DOM 1ou exknipooeriei. T'a v akpibeia,
eplEXel tpeig minpogopieg yia kabe hit. IIpotov, v XpOVIKY OTIylr) ITOU oUVEBN
n avixveuon ( yia 1o Xpovikd OUOXETIONO ival anapaitnin n xpovikn Badpovopnon
TOU avixveutn ). Aeutepov, 010§ petorntoAdandactaocty)g (PMT) npaypatonoinoe tnv
avixveuor]. Tpitov, 1 Xpovikr] S1ApKela KATA TNV OTI0ia 1] EVEPYELA TOU AVIXVEUOHE-
VOU @®TOViou £ival IMAV® AT0 TO EVEPYEIAKO KATOGAL ITOU aratteital yla aviyxveuon
( Time over Threshold - ToT ). Akopn, npénet va avapepoupe Ot 1o £idog twv hits
rou anoBnkevouv ta Time Slices nowkiAet, avaloya pe to Tt 9€Aoupe va KAveL 0 avi-
xveutr|g ( doxipaotikn Ay dedopévav yla €Aeyxo Asttoupyiag, avixveuor yvootou
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urntoBdadpovu yla Babpovounon, kAm ). Mnopet va eivat L1 1 LO hits, 1) akopa kat ta
dedopéva pag va pnv nepiExouv kabodou Time Slices.

Events: Auta niepidapBavouv ta L1 hits 13 ta L2 hits, ota yeyovota ta omoia ka-
VOTTo10UV TOUAAX10ToV pia amo 11§ ouvlnkeg okavdadiopou. Enopévag, oe avtiBeon
pe 1g 6Uo mponyoupeveg Katnyopieg, ta Events dev kataypdgovial cuvexwng. Xe
avta niepiexovatl ta hits ta omnoia nmpoxkdAeocav 1o triggering, kabwg kat éva dAAo
ouvolo hits, ta snapshot hits, 6nAadn 6Aa ta hits otov avixveutn yia éva xpoviko
draotpa Aryo mpiv kat Atyo petd to triggering. Ta Events xpnowpornotouviat yla
TV aviXveuorn VEIPIVOV Katl PN1oviov PEo® g avaKATaoKeung (reconstruction) tng
TPOX14G TOUG.
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Chapter 3

Analysis using data from the
KM3NeT/ARCA detector

3.1 Sedimentation effect

The goal of this analysis is to study the long term performance of the ARCA detector.
To reach this goal, it is reasonable to check if and how the ARCA Digital Optical Modules
are affected by the sedimentation effect. Sedimentation is basically underwater dust
which covers the upper surface of objects remaining underwater for a long time.

The data used for this analysis have been collected from December 23, 2016 to
April 3, 2017. During this period two detection units were deployed and were collecting
data. The first detection unit (DU1) was deployed on December 3, 2015 while the
second (DU2) one was deployed on May 12, 2016. As a consequence, at the beginning
of data collection period DU1 had remained underwater longer ( ~ 6 months) than DU2.

In KM3NeT the data are devided into RUNs. A RUN contains the information con-
cerning the status of the detector (Chapter 2.4) for a time period of six-hours. The
data from RUN 5009 to RUN 5572 were processed and studied during this work. RUNs
during which the detector was not fully oparational, very short RUNs as well as RUNs
collected for test or calibration purposes have been removed from the analysis.

In order to check sedimentation as a function of time, the detection rates of the
PMTs in both hemispheres of the optical modules have been studied using the rates
from the Summary Slices. For every RUN the mean rate for upper and lower hemisphere
of every DOM is calculated. These rates are normalized by dividing with the number
of functional PMTs in every hemisphere to obtain the mean PMT rate for PMTs of the
upper and lower hemisphere respectively. In this way, the mean PMT upper and lower
hemisphere rates can be compared taking into account the different number of PMTs
in upper and lower hemispheres.

In the following plots the mean rates per PMT are presented as a function of the
RUN number for the upper and lower hemispheres of every DOM in the current ARCA
detector. Figure 3.1 refers to the upper hemispheres while Figure 3.2 refers to lower
hemispheres.
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Figure 3.1: Mean rate per PMT as a function of the RUN number for the upper
hemispheres of the DOMs of the ARCA DU2 detector. The color code shows the rate in
kHz.
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Figure 3.2: Mean rate per PMT as a function of the RUN number for the lower
hemispheres of the DOMs of the ARCA DU2 detector. The color code shows the rate in
kHz.
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In Figure 3.1, a decrease of the rates is noticed for the upper hemispheres. This
effect is stronger for the first Detection Unit ( DOMs 1-18), because of the greater
time period DU1 has remained underwater. As it was mentioned before, the data
analyzed were recorded about a year after DU1 and about six months after DU2 were
deployed respectively. Consequently, it is expected that the ammount of sediments
which had settled down on the upper DOM hemispheres in DU1 is greater than in
DU2. The mean percentage of the reduction for the optical modules of DU1 is ~
3.6% (1.5% — 5.9%), while for the optical modules of DU2 the mean percentage of
the reduction is ~ 1.9% (0.9% — 4.4%) during the period in which the data analyzed
recorded. The rates of the lower hemispheres in both DUs are stable as it is illustrated
in Figure 3.2.

To study the effect in more detail, the rates of upper and lower hemispheres of same
floor DOMs are plotted indicatively for the DOMs of floors 3, 6 and 14. The term "floor"
refers to optical modules with the same altitude (2). Moreover, the ratio of the upper
hemisphere detection rate over the lower hemisphere detection rate is plotted for the
DOMs of the different floors. The rates of every hemishpere are averaged per PMT by
dividing with the number of functional PMTs in the hemisphere.
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Figure 3.3: Mean rate per PMT as a function of the RUN number for the hemispheres
of floor 3.
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Figure 3.4: Ratio of upper over lower hemisphere detection rate for DU1.DOMS3.
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Figure 3.5: Ratio of upper over lower hemisphere detection rate for DU2.DOMS.
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Mean Rate per PMT for hemispheres of floor 6
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Figure 3.6: Mean rate per PMT as a function of the RUN number for the hemispheres
of floor 6.
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Figure 3.7: Ratio of upper over lower hemisphere detection rate for DU1.DOM6.
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Figure 3.8: Ratio of upper over lower hemisphere detection rate for DU2.DOMS6.
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Figure 3.9: Mean rate per PMT as a function of the RUN number for the hemispheres

of floor 14.
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Figure 3.10: Ratio of upper over lower hemisphere detection rate for DU1.DOM14.
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Figure 3.11: Ratio of upper over lower hemisphere detection rate for DU2.DOM14.
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The reduction of the rates as a function of time for the upper hemispheres is obvious
while the rates of the lower hemispheres seem to be stable. This is also confirmed from
the ratio plots. These ratio plots are fitted with third order polynomial, which fits
the data better than an exponential or a linear fit. Additionally, the ratio for optical
modules in DU2 is in principle greater than for DU1 optical modules. This confirms
the expectation of a greater affect by sedimentation in the optical modules of DU1 than
in the optical modules of DU2.

In the plots of the upper and lower hemisphere rates for the optical modules of floor
6 and 14 (Figure 3.6 & 3.9), a concistent picture can be noticed. The detection rates
of the lower hemispheres have similar values and they are stable as a function of time.
The detection rate for the upper hemisphere of the DOMs belonging to DU2 have lower
rate values and the detection rates of the upper hemispheres that belong to DU1 are
even lower. Moreover, a reduction of the detection rates of the upper hemispheres with
time can be observed confirming the earlier conclusion.

In contrast, the rates shown in Fig. 3.3 for the DOMs of floor 3 do not follow this
pattern. Although the detection rates of the lower hamispheres are stable in time while
the respective rates of the upper hemispheres are decreasing, the value of the rates
is not what is expected. It is noticed that the detection rate of the upper hemisphere
of the DOM belonging to DU2 is larger than the rate of the lower hemisphere of the
DOM belonging to DU1. An effort to understand and handle such inconsistencies is
presented later.

The multi-PMT optical module of KM3NeT gives the ability to move a step further
and study this effect in more detail. As it was mentioned in Chapter 2.1.2, the PMTs in
a DOM are seperated by a certain polar angle and therefore they can be grouped and
categorized in rings. Consequently, rings "F" and "E" are on the upper DOM hemisphere
while rings "D", "C", "B" and the down-looking PMT which is categorized as ring "A' are
on the lower DOM hemisphere. Sediments are expected to settle down on the upper
hemisphere surface. The following figures present the rate of every ring as a function
of time for all ARCA DOMs.
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Figure 3.12: The PMTs in a DOM are seperated by a certain polar angle and therefore
they can be grouped and categorized in rings.



Rate [kHz]

Rate [kHz]

Mean Rate per PMT for rings in DU1.DOM 3

R

S . PMT A DU1.DOMS3
ring B DU1.DOM3
ring C DU1.DOM3
4.5 ring D DU1.DOM3 [ 777
ring E DU1.DOM3
ring F DU1.DOM3

5%00 5100 5200 5300 5400 5500 5600

Figure 3.13: Mean rate per PMT for the different rings in DU1.DOMS3.

Mean Rate per PMT for rings in DU2.DOM 3

T

5 . PMT A DU2.DOMS3
ring B DU2.DOM3
ring C DU2.DOM3
4.5 ring D DU2.DOM3 [ 777
ring E DU2.DOM3
ring F DU2.DOM3

éOOO 5100 5200 5300 5400 5500 5600

Figure 3.14: Mean rate per PMT for the different rings in DU2.DOMS3.
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Figure 3.15: Mean rate per PMT for the different rings in DU1.DOMS6.
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Figure 3.16: Mean rate per PMT for the different rings in DU2.DOMS6.
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Figure 3.17: Mean rate per PMT for the different rings in DU1.DOM14.
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Figure 3.18: Mean rate per PMT for the different rings in DU2.DOM14.
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As it is expected, the mean PMT rate for rings "E" and "F" which belong to the upper
hemispheres reduces with time as a result of the concentration of sediments. This
reduction as a function of time is more pronounced for PMTs on ring F which is the
highest ring, than for PMTs on ring E. Rings "B", "C", "D" and PMT "A' which are on the
lower hemisphere are shown to be stable.

The detection rates for the optical modules of DU1 seem to be consistent. The
detection rates of the lower hemisphere rings are larger than the respective rates of the
rings belonging to the upper hemispheres. Comparing with the mean PMT rate for the
different rings of the corresponding DOMs on DU2, one can easily notice that although
PMTs on ring E have a lower rate, this is not the case for PMTs on ring F which is the
highest ring. For the optical modules of DU2, the detection rate of the PMTs on ring
F has similar values to the detection rate of PMTs belonging to the lower hemisphere
rings.
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3.2 Application of PMT efficiencies used in the ARCA
detector

An in-situ calibration method is under development in the KM3NeT experiment with
the purpose to extract correction factors to account for possible reduction of the PMT
yield for each PMT in every optical module (PMT efficiencies) registering the PMT per-
formance for every run. This calibration method is based on 2-fold coincidence rates
(At < 25 ns) between every possible pair of PMTs in each optical module. This coin-
cidence level is dominated by the contribution of photons coming from the radioactive
decays of “° K which is abundant in the sea water.

These pmt efficiencies have been applied in the earlier results. In the next plots the
mean rates for the upper and lower hemispheres of every optical module are shown
as a function of the depth (floor number) before (Fig. 3.19) and after (Fig. 3.20) the
efficiencies application in order to evaluate their effect.

Mean Rate for upper/lower hem. per floor for RUNs 5009-5076 before eff. applied
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Figure 3.19: Mean rates for each hemisphere as a function of the floor number.

A more consistent picture is obtained for the detection rates after applying the
PMT efficiencies as demonstrated in figure 3.19. In contrast to figure 3.18, smaller
flactuations are observed between the detection rates after applying the efficiencies
and the rates seem to converge. In figure 3.20 the distribution of the detection rates for
both hemispheres before and after applying the efficiencies are shown. It seems that the
sedimentation effect on the upper hemispheres is accounted for, as the distributions of
the detection rates after applying the efficiencies application have similar mean values
and smaller spread than the detection rates before taking the efficiencies into account.
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Figure 3.21: Distribution of hemisphere mean rates before and after applying the PMT

efficiencies.
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The PMT efficiencies have been applied to the detection rates for the hemispheres
of floors 3, 6 and 14 which were shown indicatively earlier as a function of time. A
first comparison of the following figures with Fig. 3.3, 3.6, 3.9 shows that the detection
rates of the different hemispheres have smaller flactuations with the efficiencies applied.
Moreover, no reduction of the rates of the upper hemispheres is noticed which confirms
that the PMT efficiencies account for the sedimentation effect. This is also clear from
the ratio of the mean rate for upper and lower hemisphere PMTs shown in Figures 3.23,
3.24, 3.26, 3.27, 3.29, 3.30. The ratios have values very close to one and are almost
stable as a function of time with a slight overcorrection noticed.

Mean Rate per PMT for hemispheres of floor 3 with eff. applied
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Figure 3.22: Mean rate per PMT as a function of the RUN number for the upper
hemispheres of floor 3 after applying the PMT efficiencies.
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Figure 3.
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23: Ratio of upper over lower hemisphere rate for DU1.DOMS3 after applying
the PMT efficiencies.

Ratio of Upper/Lower Rate per PMT for DOM 21 with eff. applied
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24: Ratio of upper over lower hemisphere rate for DU2.DOMS3 after applying
the PMT efficiencies.
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Figure 3.25: Mean rate per PMT as a function of the RUN number for the upper
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hemispheres of floor 6 after applying the PMT efficiencies.
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Figure 3.26: Ratio of upper over lower hemisphere rate for DU1.DOMS6 after applying

the PMT efficiencies.
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Figure 3.27: Ratio of upper over lower hemisphere rate for DU2.DOMG6 after applying
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3.28: Mean rate per PMT as a function of the RUN number for the upper
hemispheres of floor 14 after applying the PMT efficiencies.
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Figure 3.29: Ratio of upper over lower hemisphere rate for DU1.DOM14 after applying
the PMT efficiencies.
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Figure 3.30: Ratio of upper over lower hemisphere rate for DU2.DOM14 after applying
the PMT efficiencies.
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Similar to the analysis of the PMT rate before taking into account the PMT efficien-
cies, the next step is to check in more detail to the detection rates of the rings belonging
to the indicative optical modules shown so far after applying the PMT efficiencies. The
results are presented in figures 3.30-3.35. It is obvious that the reduction of the detec-
tion rates for rings "E" and "F" with time is not observed anymore. These rings are on
the upper hemispheres and as a consequence this behaviour is expected confirming the
earlier conclusion that the PMT efficiencies account for the sedimentation effect. How-
ever, occasionally larger variations can be observed for the mean PMT rate for the PMTs
on the rings belonging to the lower hemispheres of the DOM. This becomes evident by
comparing the following plots with the corresponding ratios of the detection rates before
applying the PMT corrections and indicates the need for further investigation. These
variations are more pronounced for the detection rates of the rings in optical modules
of DU2.

Mean Rate per PMT for rings in DU1.DOM 3 with eff. applied

Rate [kHz]
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Figure 3.31: Mean rate per PMT for every ring in DU1.DOMS3 after applying PMT
efficiencies.
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Figure 3.32: Mean rate per PMT for every ring in DU2.DOMS3 after applying the PMT
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Figure 3.33: Mean rate per PMT for every ring in DU1.DOMS6 after applying the PMT

efficiencies.
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Mean Rate per PMT for rings in DU2.DOM 6 with eff. applied
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Figure 3.34: Mean rate per PMT for every ring in DU2.DOMS6 after applying the PMT

efficiencies.

Mean Rate per PMT for rings in DU1.DOM 14 with eff. applied
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Figure 3.35: Mean rate per PMT for every ring in DU1.DOM14 after applying the PMT

efficiencies.
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Mean Rate per PMT for rings in DU2.DOM 14 with eff. applied
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Figure 3.36: Mean rate per PMT for every ring in DU2.DOM14 after applying the PMT

efficiencies.

To study these variations, the mean PMT rates for each rings of the optical modules
are presented as a function of the floor number in figures 3.36 and 3.38 for DU1
and DU2 respectively. These rates are also shown in figures 3.37 and 3.39 after the
application of the PMT efficiencies. The variations are smaller but still important after
applying the PMT efliciencies. To study this further, the distributions of mean rates
for every ring are shown before and after applying the PMT efficiencies in figures 3.40
and 3.41 respectively. An improvement is noticed as the rates after the efficiencies
application vary approximately in the interval 5.0 — 6.6 £H z while the respective rates
without the PMT efficiencies applied vary in the interval 5.6 — 7.8 kH z. Still, there is a
need for further investigation and improvement of these results.
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Mean Rate for rings per floor in DU1 for RUNs 5009-5076 before eff. applied
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Figure 3.37: Mean PMT rates for each ring of DU1 as a function of the floor number.
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Figure 3.38: Mean PMT rates for each ring of DU1 as a function of the floor number
after applying the PMT efficiencies.
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Mean Rate for rings per floor in DU2 for RUNs 5009-5076 before eff. applied
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Figure 3.39: Mean PMT rates for each ring of DU2 as a function of the floor number.
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Figure 3.40: Mean PMT rates for each ring of DU2 as a function of the floor number
after applying the PMT efficiencies.

48



Distribution of ring mean rates before eff. applied
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Figure 3.41: Distribution of mean PMT rates for the different rings of the DOMs for
5009-5076 runs.
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Figure 3.42: Distribution of mean PMT rates after applying the PMT efficiencies for
5009-5076 runs after applying the PMT efficiencies.
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3.3 Study of the PMT pairs shadowing by the collar

Every digital optical module (DOM) of the ARCA detector is surrounded by a metallic
collar that connects it to the ropes of the detection unit (Fig. 2.4, 2.5). The detection
rates of the PMTs close to the collar are expected to be affected by the shadow of the
collar. This effect is further investigationed here.

As already mentioned earlier, the PMT efficiencies are extracted via a calibration
procedure based on the 2-fold coincidence rates (with At < 25 ns) between every pos-
sible pair of pmts in each optical module. In figure 3.42 two of these pairs are shown.
Their common pmt is exactly below the connection of the collar to the rope.

Figure 3.43: .

It is interesting to check the 2-fold coincidence rates of these pmt pairs as well as of
the respective pmt pairs at the other collar connection to the rope. To study this, the
2-fold coincidence rates are shown for the pairs of rings C and D with the same angular
seperation (12-17, 17-16, 16-20, 20-27 etc.).

One can observe that the 2-fold detection rates of the pairs having pmts shadowed
by the collar are in general lower by about 10% — 15% compared to the rate of pairs
with pmts not affected by the collar shadow. Consequently, the calibration procedure
might be affected by the reduction of the efficiency due to the collar shadow as it uses
2-fold coincidence detection rates between all possible pairs of pmts.
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Figure 3.44: 2-fold detection rates of consecutive C-D ring pairs in DU1.DOM3
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Figure 3.45: 2-fold detection rates of consecutive C-D ring pairs in DU2.DOM3
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Figure 3.46: 2-fold detection rates of consecutive C-D ring pairs in DU1.DOM6
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Figure 3.47: 2-fold detection rates of consecutive C-D ring pairs in DU2.DOM6
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Figure 3.48: 2-fold detection rates of consecutive C-D ring pairs in DU1.DOM14
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Figure 3.49: 2-fold detection rates of consecutive C-D ring pairs in DU2.DOM14
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For further investigation of the collar shadow effect, the 2-fold coincidence rates of
the consecutive pmt pairs between rings C-D which are not affected at all by the collar
shadow have been plotted as a function of time. These are shown in figures 3.49 and
3.50 for DU1.DOM9 with and without the pmt efficiencies applied respectively. It is
clear that the application of the pmt efficiencies has significant reduced the variation
as the 2-fold detection rates have similar values.

The 2-fold detection rates of the same PMT pairs are also shown for DU1.DOM?7.
In figures 3.51 and 3.52 these are presented before and after the pmt efficiencies have
been applied. For this optical module the picture is more inconsistent with after the pmt
efficiencies are applied since the difference between the 2-fold detection rates increases.

It seems that the calibration procedure could be improved in order to provide a
consistent picture. It is a fact that the shadow of the collar has an impact to the
2-fold detection rates and as a result it possibly affects the calibration procedure. A
reasonable suggestion can be instead of using the 2-fold coincidence rates of all pmt
pairs in an optical module simultaneusly, to break up the procedure in two steps. In
the first step, only the 2-fold detection rates of the pmt pairs not affected by the collar
shadow could be taken into account. In the second step the 2-fold detection rates of all
the pmt pairs could be involved in the procedure, taking into account the results from
the first step.

C-D ring pairs for non-collar PMTs in DOM 9 without efficiencies applied
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Figure 3.50: 2-fold detection rates of consecutive C-D ring pairs not affected by the
collar shadow in DU1.DOM9 without efficiencies applied
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Figure 3.51: 2-fold detection rates of consecutive C-D ring pairs not affected by the
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Figure 3.52: 2-fold detection rates of consecutive C-D ring pairs not affected by the

collar shadow in DU1.DOM7 without efficiencies applied
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Figure 3.53: 2-fold detection rates of consecutive C-D ring pairs not affected by the

collar shadow in DU1.DOM7 with efficiencies applied
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Chapter 4

Conclusions

An analysis using data from the KM3NeT/ARCA detector in order to study its long
term performance was done in this thesis. This analysis concluded that the sedimenta-
tion effect has an impact on the detection rates of the PMTs of the upper hemispheres of
the digital optical modules. In the four-month time period of the data used in the anal-
ysis, these rates have a reduction of about 3.6% (1.5% — 5.9%) and 1.9% (0.9% — 4.4%)
for DU1 and DU2 respectively. The stronger reduction of the upper hemispheres in
DU is a result of the longer time DU1 has remained underwater (6 months).

Additionally, the correction factors for the response of the PMTs (PMT efficiencies)
have been applied to the detection rates. These PMT efficiencies have been calculated by
the KM3NeT collaboration using coincidence rates from K*° decays for all PMT pairs.
Some inconsistencies remain even after PMT efficiencies applied. This might be an
indication that calibration procedure needs to be improved.

For this purpose, the coincidence rates for indicative PMT pairs using to the cal-
ibration procedure are checked. Among them, a few pmt pairs are shadowed by the
collar which connects the optical module to the DU ropes and this shadow affects the
coincidence rates and might bias the results of the calibration procedure.

Finally, a possible improvement of the calibration procedure could be achieved by
performing the calibration procedure in two steps. First, only the coincidence rates
of the PMT pairs not affected by the collar shadow could be taken into account. In
the second step the coincidence rates of all the PMT pairs could be involved in the
procedure, taking into account the results from the first step.
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