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NepiAnyn

Autn n epyacia meplypddel TIC eunelpieg amd plo mpoomdbela Sie€aywyng HloypadLkng
€PELVAG O YEWAOYIKEG SOUEG YL TpwTn dopd otnv EANada, cupdwva pe 6ca gival yvwotd. H
mpooéyylon auth yivetat oe Suo kateuBuvoels. Mpwtov, TEPLYPADOVTOL TIELPAUATIKES
Sladikaocieg mou SilenxdOnoav oto mMAAiClO AUTAG TNG €pyaciag Kol €lyav wg OKOMO Tnv
OTIOKTNON TELPAPATIKWY SES0UEVWVY aTIO YEWAOYLKEG SOUEC TOU EAANVLKOU XWPOU, eKBETOVTAC
TMAQKEC TUPNVIKOU  yoAaktwuatog (uloypadikd ¢uA\p) mAnoiov  ekeivwv. Aegltepov,
neplypadetal n Sladkaoia KATooKEUNG YEWAOYIKOU HOVTEAOU otnv mAatdopua GEANT4S.
Eldikotepa, divetal €udoaon otnv avabewpnon tou Kwdika tou GEANT4 pe KATAAANAEG
TIPOYPOLUUOTLOTIKEG TEXVIKEG TNG YAwooag C++ (ouvapTAOELS, pointers) Kol LE TNV 0pyAvwon
Twv 6edopévwy oe KATAAANAEC OOUEG (arrays), wWOTe va ouTopaTomolnbel n KATOOKEUN
YEWAOYLKWV HOVTEAWV OTOV UTIOAOYLOTIKO XWwpPo tou GEANT4 yla va Kataotel n mAatdpoppa mio

«PAKN» ylo TN padloypadia yeWAOYIKWY SOUWV UE KOOULKA pLovia (poypadia).

H avaluon twv pwoypadpkwv GAL mou eKtéBnkav otnv mapouoca £peuva amodeixdnke
emodpalng AOyw tn¢ HEYAANC KOOWUIKNE §O0NC ou eixav AABEL Ta TUPNVIKA YOAQKTWHOTO KOTA
To otddlo NG amobrkeuong kot peTadopdg Toug Tou TponynBnke tng ekBEcewg Toug oTo
nedio. Q¢ ek TouTOU, N HloypadLKn elkOVA cuvodelBnke amo peyaio B6puPo, Sucyxepaivovrtog
TOOO TNV avacUVOECN MLOVIKWY TPOXLWV Qo TI{ OUOCTOLXEC TwV Hoypadlkwy AW Tou

€KTEONKAV, 0G0 KaL TNV avadelfn omoloudNTTOTE AVTLIKELWEVOU PECA OE QUTH.

Jtnv KotevBbuvon TNG UTOAOYLOTIKNCG TPOoOoMOlwoNng, avolxtd Ttomoypadka OSsdopéva
elonxdnoav otov UMoAoYyLOTIKO XwpPo Tou GEANT4. Ewodyovtag oTtov avolxtd Kwdlka Tou
GEANT4 ouvaptAOELl avAyYVWOoNG apxeElwv raster, To oTolXElo Twv omoilwv eival duvaptkol
TIVOKEG, €ylve SuvaTr N QUTOUATN KOTOOKEUN TNG YEWUETPLAG OUVOETWY yewAoyLlkwv Sopwv,

€V TIPOKELUEVW TOU ndatoteiouv g Nioupou.
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Abstract

This work describes experiences with the first, to our knowledge, muography of geological
structures in Greece. Experimental procedures, specifically designed for this project, involved
exposure of nuclear emulsion plates nearby geological structures in Greece to capture images
of their internal structure. Additionally, efforts were made to automate the construction of the,
awnyway complex, geometry of volcanoes in GEANT4. Programming techniques common in
C++ (e.g. functions and pointers) and special data structures (arrays) enabled the construction
of a geological model in the computational space of GEANT4 automatically, rendering the

aforesaid platform more “muography-friendly”.

Analysis of the exposed nuclear emulsions turned out to be rather ambiguous as to their
readability due to the large cosmic-ray doses involved during the pre-exposure stage
(prolonged storage, transportation etc). Therefore, the muographic image was affected by
intense noise, perplexing the reconstruction of muon tracks and thus the extraction of objects
from the image itself. Conserning the geometry representation, open topographic data were
inserted in GEANT4. The open-source code of GEANT4 was submitted to substantial
amendments (insertion of functions reading raster files, dynamic arrays etc) to enable

automatic construction of a complex topography, such as that of Nisyros volcano.



vi|

Euxaplotiec

MNpwtiotw¢ guxaplotw Bepud tov emiPAénovra kabnynt Oeddwpo Ahe¢omoulo, Kabnyntn
EMMN (Epyaotnplo Nepapatikic Quowkng YYnAwv Evepyswwv kat Zuvadol¢ Opyavoloyiag,
Touéag Quoikng, ZEMOE, EMN). 18waitepeg euxaplotieg ansubBUvw otoug cuvadéddoug Kat
ouvepyateg Kabnynty EMN Itavpo MaAtélo (Epyaotriplo Mepapatikng Ouoikng YynAwv
Evepyewwv kat Zuvagdoug Opyavoloyiag, Topgéag Quoikng, ZEMOE, EMM), Emnik. KaBnyntr EMN
NikoAao Metpomoulo (Epyaotrplo Mupnvikng Texvoloyiag, 2xoA MnxavoAoywv Mnxavikwy,
EMM), Xapa Kitodkn (Mtuxiouxo ZEMOE kat Y. Ad. oto CERN), Ap. BloAéta lkika (Epyaotriplo
Nepapatikns Quowkng YYnAwv Evepyewwv kat Zuvadoug Opyavoloyiag, Topéag DUOLKAG,
JEMOE, EMMN.) BOa nBela, emiong, va suxaplotnow tov Ap. Oeddwpo MEpaAn (AeuvBuvti
Epeuvwv Ivotitouto Mupnvikig Ouoikig EKEDE «A») yla Tn cUMPETOXN Tou otnv E€eTaoTikA

Emtpornn.

Kwvotavtivoc ABavooag

Avyouotog 2019
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KE®AAAIO 1: EIZAT'QI'H - XAPAKTHPIXTIKA TQN KOXMIKQN AKTINQN

OL KOOULIKEG aKTiveg eival uPnAng evépyelag ocwpatidla mpoepyxoUeva amod to SlaoTtnua.
Eni to mAelotov, oL KOOWUIKEG akTiveg amoteAouvtal amo pwovia (Gaisser et al., 2016). Ta
KOOMLKA HLOVLIA TIPOKUTITOUV OTAV OL TIPWTOYEVELG KOOWLKEG QKTIVEG CUYKPOUOVTOL LLE TIUPAVEG
TWV ATOHWV TIOU CUVOETOUV TNV avwtepn atpoodatpa. OL MPWTOYEVEIC KOOULKEG OKTIVEC
armoteAouvtal Kupiwg and muprnveg udpoyovou (mpwtovia), aAd kot mupnveg He (ocwpatidia
a) kat aA\oug edadpltepouc MUpnVeg, kabBwg emiong kat and dwtovia y uPnAng evépyetag. OL
TIUPHVEG TIOU ELOEPXOVTAL OTNV OTUOOGALPA TEAIKWG CUYKpOUOVTOL LE HoOpla TOU o€pa Kal
EKKLVOUV €vav Katalylopo adpoviwv. O TteAeutaiog elval €vag KATALYLOHOC KUPLwG Tloviwv
opXlk@d, Ta omola Ba umooToUV TEepAlTéEPw TUPNVIKEG Slaomaocels. Oudétepa movia Ba
Slaomaotouv dupeca o 6uo pwtdvia y, T OnMola HE TN OElpd TOoug Ba TPOKAAECOUV
nAektpopayvntikol¢ (HM) katawywopolg (e, e, y) uwkpng Sietodutikdtntag. Doptiopéva
movia () mou Sev udioTavtal MEpATEPW TUPNVIKEC AVTISPAOELS, Bor SLOOTIOOTOUV «EV
TITAOEL OE MIOVIOL KaL vetpiva: 7 —» ut +vkawnm™ - u~ + V,, (lovio kau to avtiotol o tou

ovtL-uLévio, Bosnar et al., 2018).

TOOO TO HIOVIO 000 KAl TO QVTIOTOLXO TOu VETpivo xapaktnpilovial wg Aemrovia,
ocwpatidla mou 6eV CUUPETEXOUV OE TIEPALTEPW TIUPNVIKEG avtldpdoels. Eldikd ta vetpiva
€xouv mapa TOAU ukpy Statoury cUAANUNG Kkal mpoaktikd eivat duvatov va Siacyicouv
0AOKANPN TN YN Xwpic aAAnAenidpaon. Ta povia sivol Baputepeg ekSOXEG TOU NAeKTpoviou
(kat Tou molLtpoviou avtiotolya) pe tdlo spin kat poptio, aAAd pe pala 207 dopég peyaAUTepPn
Tou nAektpoviouv (m, = 105.66 MeV/c?). Ta pdvia eival kat autd aotadr, SLuomWHEVa pE TN
oelpd Toug og NAekTpdVLo (1) olitpdvio) Kat duo vetpiva: ut —» et + Vy+t Ve, W oe +v,+
vy, M€ MECO XPOVO {wnG T, = 2.197 ps, oxedov 100-mAdoLo Tou XpOvou LwrG VEOG HOPTIoUEVOU

mioviou (Bosnar et al., 2018).

KaBwcg to pwovio udlotatal didomaocn TPUWV CWHATWY, N KWWNTIKA EVEPYELD TWV

EKTIEUTIOEVWY hAekTpoviwv dev elval otabepr), oAAAd epdavilel pla gupesia KATAVOUR TIOU
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peylotonoleital ota 53 MeV oto cuotnua avadopdg tou ploviou. H didomacn tou piloviou
elval éva otoxaotikd ¢awvopevo kat dev €€aptdtal amd TNV TPonyoUUEVN LoTopia Tou
ocwpatidiov. AnAadn, n bavotnta dP ulag SLACTIaoNG EVIOG TOU EMOUEVOU QTELPOEAAXLOTOU
Slaotiuatog xpovou dt eival avefdaptntn amd Tto XPovikd Slaotnua mou mopnABe amod to
OXNMOTIOMO TOU Hloviou kat divetal and tn oxéon dP = Idt, 6mou I ival o pubuog diacmaong
Kot glval avtlotpodws avdloyog tou xpovou wng (I = 1/t,). Auti n Swadikacia Sidomoaong
uUmovoel ott n TBavotnta TNG Sldomaong €vOG ULOVIOU OTO XPOVIKO OSldotnuo t+dt
(urtoBétovtag ot to MLdvVio Snuoupyndnke oe t = 0) akoAouBel tnv eKBETIKA KaATAVOUN
nukvotntog dP,(t) = e Ttdt, 6mou o xp6vog t avtupoowneUeL To xpOVo Tou XPELATETaL pia

OUVKEKPLUEVN Slaomaon Kat KaAeital xpovog dtaomaonc.

H Swadopiky porj KOOUKWV Hoviwv (ava povada xpovou, ava eufado avd oteped
ywvia) divetal amnod tnv elowon

dN

L k ‘
TAd0d: Iycos*8 E&lowon 1.1

émou O eivat n mMoAkA ywvia, k = 2kat I, * m™2sr~1s7!

otnv otabun ¢ 6alacoag. Asv
avapévetal e€aptnon TG pong amo tnv allpoudiakn ywvia ¢. H mapandavw efiowon Sgv mavel

va eivat akpBAg ya 6 > 80°, drou mpémet va AndOel umdYn n KapmuAdtnTa the yng.

Ewk.1.1. H oteped ywvia Q mou eKTEIVETAL A0 TNV apx TwV aéOVwV ULOG OQAIPAC AKTIVAG R TTOU avTIOTOL EL O OE
ua EMPAVELN A ot opaipa elvat Q = AR (avaktnOnke ano
https://www.phys.ufl.edu/courses/phy4803L/qroup |/muon/muon.pdf tnv 10/06/2019).
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H mapakdatw oxéon (E¢lowon 3.2) meplypddel tov pubBuod pe tov omoio ta pldvia
SiEpyovtal Stapéow tng emipavelag dA (Ek. 3.2) mou katadBavouv amod moAwkn ywvia § evtog
NG oTePEag ywviag dQ.

dN
dAdQdt

~ lycos*dAdN  E&iowon 1.2

H emudavela dA Bewpeital otL £xel Stavuopa KABeTo o auTh, MOPAAANAA LE TNV ELOEPXOUEVN
aktwoBoAia (Ewk. 1.2a). OewpoUE OTL O TPOCAVATOALOMOC TNG emidavelag A Oa petaBarAeTal,
KaBwg petaBarlovtal ol ¥, @. KabBw¢ o mpooavatoAlopog TG otolxelwdoug emipavelag A
oAAalel, aAAAlel kol n Statoun tng evepyol meploxng (A’). O cUCXETIONOG HeTafl Twv Suo
EVEPYWV TEPLOXWV £lval o:

dA = dA'cosf Eélowon 1.3
JUVETWG, YlO MLa OTOWXELWSN emidpAvela TPpocavVATOALOPEVN Katakopuda n Efiowon 3.2

oANalel os

dN
dAdQdt

~ lycos**10 Eélowon 1.4

Ta pdvia xavouv evépyela kabwg tafldevouv péoca otnv atpoodatpa. Ta HEUOVWUEVA
yeyovota okedaaong mou odnyouv otnv anwAeLa EVEPYELAC XapakTtnpilovtal ano kamolo Baduo
TUXOLOTNTOG KoL odnyouv oe éva €UPOC TIUWV QATIWAELAC EVEPYELAG KAl YWVIWV oKESAONG
(Gaisser et al., 2016). H ywviwdng okédaon elval HIKPR Yla TUTILKEC EVEPYELEC KOOWULKAG
oktwvoPBoAiag (HeyAdAeg), aAAG yivETOL ONUAVTIKN) O€ XAUNAOTEPEC eVEPYELEC. H péon amwAsla
EVEPYELAG ava povada pnkoug (toxuc médnonc) yia kabe doptiopévo cwpatidlo mou Slaoyilet

£€vav 0yko UANG meplypadetal ano tnv e€iowon Bethe-Bloch (E€lowon 3.5):

dE Z1 [1.  2m.c?B?y?T? )
“E 24 - - e max 5y 9 ’
I Kz A5 * > In 72 B > Eélowon 1.5

omou 6B Kkal y €lval oL TUTILKOL OXETLKIOTIKOL OUVTEAEDTEG, Z KaL A €lval 0 ATOULIKOG Kol HOlLKOG

oplOPOC Tou HECOU avtioTola, Z eival To Gpoptio Tou MPOOTIMTOVTOC CWHATIS0U, They ELVOL N
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HEYLOTN KLVNTLKN EVEPYELA TIOU UTOPEL va peTadepBel o Eva NAEKTPOVLO

Ka K,/ kot § elval atopLkol mopdyovTeG.

(a) (b)

KQTA TNV oUyKpouon

dA’

(c)

Ewk. 1.2. H pon ue tnv omola piovia kata@davouv ar’oAec Ti¢ kateuBuvoelc (otepeeg ywvieg) bivetatl ava povada
Xpovou ava povada Eemipavelag ava povado otepea¢ ywviac. tnv (a) n otolxewwdng empavela ival
POCAVATOALOUEVN OTNV KATEUTUVON TWV ELOEPYOUEVWY uloviwy. 2tnv (b) n otolxewwdne emipavela ival
npooavatoAlouevn katakopupa. H (c) Seixver tnv woobuvauio uetaév twv Suo emipaveiwv dA = cosGdA’
(avaktridnke ano https://www.phys.ufl.edu/courses/phy4803L/qroup |/muon/muon.pdf tnv 10/06/2019).

T

uon Cu

100

l

Bethe-Bloch

4 Anderson-
Ziegler

L T I LT LT

T

indhard-
Scharff

10

]

L

Radiative
Minimum effects
ionization reach 1%

LA

/
/

N Nuclear
Y, 4 losses
\

Stopping power [MeV cm?/g|

T

7R
g~ losses

adiative

Y Without &
1 { | | | | | - | |
0.001 0.01 0.1 1 10 100 1000 104 10° 106
By
| \ \ | \ | | \ | |
1 0.1 1 10 100 | 1 10 100 | (1 10 100 |
[MeV/c| [GeV/c] [TeV/c]

Muon momentum

Ewk. 1.3. H uéon anwlela eVEPyelac yla ULOVIA TTOU TIPOOTIITOUV OE XOAAKO OUVOPTNOEL TNG OPUNG TOUG.
(avaktiOnke and https://www.phys.ufl.edu/courses/phy4803L/qroup I/muon/muon.pdf thv 10/06/2019).
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Jtnv Ew. 1.3 &ivetal n woxV¢ méEdnoNG wg ouvaptnon TNG OPHUAG yla HLOVIA Tou
npooTintouy o Xahko. Ot TLpéC Sivovtat oe MeV-cm?/g kat Tpémnel va moAAAAGLAoTOUV pE
TNV TUKVOTNTA Tou péoou (8.94 g/cm?) yia va AdBoupe T toxy médnong oe MeV/cm. H popdn
TOU Ttapamavw dlaypappatog Sev neplopiletal pOVo ota pLovia, oAAG YEVIKEVETAL KAl 0 AAAQ
doptiopéva cwpatidla. Mo PKPEG OpUEC Ta GOPTIOUEVA CWHATIOL XAvouv evépyela paydaia
HEOW TWV LOVIOUWV KOL N LoxUg meEdnong eival peyaln. H wox0g médnong eAattwvetal
auEaVOUEVNC TNG OPUNG Kol Telvel oe €va eAdxloto, KoOw¢ To owpatidlo eL0EpXETAL OTO
OXETIKLOTIKO OplO. ITn ouVvExela, aufavel Babulaia and to eAdxLoto, KaBwg n evépyela Tou

owpatidiov ouveyilel va auEaveTtal.

H Baowkn apxn €ival otL n anwAeobeioa evépyela Ba mpénel va elval mepimou n Sa
Katd TN SLEAeuon amo S1apopETIKA UALKA, 00O TO YLVOUEVO TOU HNKOUG SLadpoung HE tnv
TIUKVOTNTA TOU UALKOU TtapapéVeL To (6lo. H mpaypatikr anwAela evépyelag umtoAoyiletal otn
OUVEXELX amd TNV LoXU médnong, moAlamAaocialovtag pe tnv amootacn mou Svnoe to

ocwpatidlo.

Ayvowvtag TIG emumtwoel tng Edikng Oewplag tng Zxetkotntag tou Einstein, éva
HLOVIO, aKOpO KoL av KlvoUtav HeE tnv tayxltnta tou ¢wtog, Ba Sujvue povo 600 m mplv
Slaomaotel péoa os 2.2 us and ) dnuoupyia tou (Bosnar et al., 2018). EAdxlota povia Ba
katadepvav va dtacwbolv wote va $pBdcouv otnv emidavela tng M. Qotooo, efattiag tng
S100TOANG TOU XPOVOU TIOU CUVETIAYETAL N OXETLKOTNTA, Ta UYPNAARC EVEPYELAG ULOVIA Elval
tkava va taflbéPouv TOAL pakpUTEPA TPV SLooTIOOTOUV Kal €V TEAEL katadBOdavouv otoug

OVLXVEUTEC O€ PeyaAUTtepouc aplOpouc.

Otav éva pLovIo KIVOUREVO PEaa o€ UALKO HEoOo PBpebel ev TEAEL O£ KATAOTAON NPEULOG,
Ba dlomaotel oe nAekTpoOVIO KoL VETpiva. QoTtdoo, ylo apvnTka ¢opTiopéva povia (u), €vag
Sdevtepoc kAaocdog Slaomaong eival emiong mBavog. Ta apvnTIKA HLOVIOL UIOpOoUV va
EKTOTILOOUV £Va OTOULKO NAEKTPOVIO OTO UECO Kal va SeOHEUTOUV Ot TPOXLEC 207 ¢opEg

TIANOCLECTEPA OTOV TIUPNVOL OE OXEON HE TO METOTOTILOMEVO NAEKTPOVIO. AUTO E€XEL WG
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QMOTEAECUA TNV €MKAAUYPN TWV KUHUOTOCUVOPTHOEWV TIUPAVA KL OPVNTLKOU HLOVIOU o€
Heyého Badpod kat elvat Bav n Mgn tou 4+ 72X = 24X + ¢+ and mpwtdvo péow
™G avtidpaong, HE QMOTEAECHA T METOTPOT TOU TPWTIOVIOU OE VETPOVIO, TO Ormolo
HLETOOTOLXELWVEL TOV TIUPHVOL KOL TEALKA EKTIEUTEL EVOL ATOULKO NAeKTpoOvVIo (owpatidlo B). To
LOOTOTO TOU MPOKUTITEL TIBavVOTATA VA Elval AoTaBECG Kal va SLAOTIOOTEL KL QUTO UE TN OELpd
Tou emiong. To kaBapd AMOTEAECUA QUTHG TNG TIUPNVIKNAG avTidpacng €ival otl au€avel tov
puBUOG SldoTaong Tou pLoviou, 08NYWVTOG GE GUVTOUOTEPO TTAPATNPOUHEVO XPOVo {WNAG yla Ta

0pVNTIKA ULovLa.
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KE®AAAIO 2: BAXIKEX APXEX MIOT'PA®IAX

H yewduoikn diepevvnon tou ecwteptkol TNE Mg mepAapPAveL TNV ELCAyWY KATIOLOC
HopdnG evepyelag (m.X. NAEKTPKN, OEWOUIKA 1 NAEKTpOMAYVNTIKA) KoL T METPNON TNG
QVTOTOKPLONG TNG YNG WG TPog Kamotwa ¢uaotkn Wotnta (m.x. €8k nAeKTpLKr avtiotaon,
S1aBAaon 1 dinAektpikn Slamepatotnta avrtiotowa). Me e€ailpeon TNV MAONTIKY OELOULKN
Topoypadia n onoia aflomnolel tn Puoikn pikpooelopkotnta (.. Tselentis et al. 2011) kot t
Baputnuetpia, n padloypadia ndaloTelwV e KOOULKN akTvoBoAila amoteAsl pia evaAAQAKTLKA
Kal Alyotepo darmavnpr HEBodo mou ekpetalAevetal TNV €€a0B0£VION TWV KOOULKWV ULOVIiWY
(Ewk. 2.1) mou Slacyilouv €va ndaiotelo kata UNKoG SLadopPETIKWY TPOXLWY, yla Vo CUAAEEEL

MANPodopieg yLa TNV yewAoyikr tou doun (Procureur 2018).

Kovta otn otabun tng 6dlacca¢ n KOoUlK aktvoBoAia ocuviotatal Kuplwg omo
OXETIKLOTIKA pLovia (dnAadn pe TaxUTNTEG KOVTA OTNV TaXUTNTA ToU GWTOG) HE KIVNTIKEG
evépyeleg e taéng tTwv GeV kat TeV. Ta plovia sival ¢poptiopéva ocwpatidia () ta omola
TIPOKUTITOUV amod la O€lpd SLAOTIACEWY UTIOATOUIKWY CWHATSlwY Tou Tapayovtal amnod
ouykpoUoelg (spallation) oTtpHOOGAPIKWY TIUPHVWV HE TIPWTOYEVEIC KOOUIKEC OKTIVECG, nTOL
TIPWTOVLA KAl TIUPAVEG LEYAAOU aTopLKoU aplBuol YnAd otnv atpuoodalpa. H dtadopiki pon
KOOULKWYV HLoViwv otnVv emidpavela TN yng €lvat cuvaptnon tng MoAkn¢ ywviog (&), aAa dev
QVaUEVETAL va Elval cuvaptnon tng allouBlakng ywviag (¢). Zto Kabiepwpévo Mpdtumo tng
owpatdlakng ¢uokne (Gaisser et al., 2016), Ta povia ival ta mpoidvta Sldomaong Twv

dopTIoHEVWY TILOVIWV (772) Kot Kaoviwy (KZ):
y/<TE RV
KL+,
TO OTTOLOL E TN OELPA TOUG SLACTIOVTAL TTOPATIEPA O NAEKTPOVLA, TIOJLTPOVLA KOl VETPLvVAL:
W e +vet vy

ur s et+ vet vy
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Ewk. 2.1. H yevikij 16€a AetToupyiac tTng pLoypapiac otnv mepintwaon tou neatoteiov twv Medavwv. Ta Ulovia mou
UETUPEPOUV Ol KOOWULKEG AKTIVEC (KOKKLVEG TPOXLEG) TTPOOTIIMTOUV O NQALOTELAKO SOUO KAl KOTOYPAEQOVTaL KOTA
v ££060 touc otnv avtidetn nAsupa. To B€Aog otn Baon aplotepa utodelkvUeL To Bopa.

Katda tn 6waddoor toug otnv UAN, n evépyela twv poviwv (E§lowon 2.1) sAattwvetal

dEyY . , . ,
(— d_) HEOW LOVIOTIKWVY (ion) Kot akTtvoBoAnTikwv oaAANAETILOPACEWY E TOUG TTIUPAVES TWV
X

OTOMWV TIOU GUVLOTOUV Ta TIETpwHaTa. TEToleg aAAnAemdpacelg ivat tumou bremsstrahlung

(brem), 6i8upn yéveon (pair) kot dwtomupnvikeg avtdpdoels (pn).

dE) . ( dE) ( dE) ( dE) ( dE) ,
_== = (—-== +(—= +(—— +{—— Eélowon 2.1
( dx/ tot ax/jon ax/ prem ax/pair ax/pn d 7

H padloypadia kooplkwv poviwv (oto €€ng avadépetal wg poypadia), HETpd TO
EAELUMA PONAG KOOULKNAG aktwoPoAiag otnv katevBuvon tng mapatipnong kat kabopilel to

OAOKARPWHA TNG TIUKVOTNTAG LA YEWAOYLIKAG S0URG o Suo SLaCTACELC.
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H uoypadia otnpiletal otn texvoloyia avixveuong cwuatidiwv kat €xel avamtuyOel
yla TNV QmeLkovion NG OKEPALOTNTOG MUPNVIKWVY avtdpaotipwv (m.x. Borozdin et al., 2012;
Toleman et al., 2013) kat TNV ecwtepikr) Soun noatoteiwv (m.x. Tanaka et al., 2005; Tanaka et
al. 2007a,b; Lesparre et al., 2010; Carloganu et al., 2013). TeAeutaia, n poypadia avaktd 6Ao
Kall TiEPLOOOTEPO £60P0OC O UEYAAUTEPO APLOUO YEWETLOTNUOVIKWY £PAPUOYWV, OL OTIOLEG
Kupaivovtol amod tn PeTaAAeutTiky unxavikn (Schouten and Ledru, 2018) €wg Kal T

YEWMNXAVLKA,TN Blopnxavia k.a. (Procureur, 2018).

To «urkog nukvotntac» X (hg-cm-2) eival kUpLa mapdpetpog tng poypadiog (Tanaka et
al., 2007a,b), n omoia kaBopilel To MocooTO TNG €€acBEviong mou eMIBANEL N YEWUETPLA, TO
HEYEDOC Kal TNV TIUKVOTNTO OTNV KWVNTIKA EVEPYELA TwV Hoviwv Tou dlaoyilouv €vav Oyko
TEETPWHATOG 0 SLAPOPEG MPOOTIUMTOUOEG TIOALKEG KoL O{LLOUBLaKES YWVIES. (6,¢). H amwAela
EVEPYELOG TWV HLoviwv Tou tagldevouv péoa amod tnv UAN odelAeTal OTOUG LOVIOMOUG Kal TN
Oléyepon Twv atopwyv, KoBwe kal o aktwvoBoAntikéc Siepyaoieg (bremsstrahlung, 6iduun
YEveon et e pairs kKal GwIoOMUPNVIKEG avidpdoelg) mou cupPaivouv unod tnv emnibpacn twv

NAEKTPLKWVY TTESIWV TWV ATOUKWVY NAEKTPOVIWV KaL TWV TTUPHVWV.

000 peyoAUTEPO €lval TO «UNKOC TUKVOTNTOC» (TMUKVOTNTOL X TPOXLA) Yyl Hia
OUVYKEKPLUEVN Sladpoun poviwv péca oe évav noalotelakd d0po, T000 UIKPOTEPN €lval n
KLVNTLKN EVEPYELA LE TNV omola e€E€pyovtal autd. To mARBog (V) Twv poviwy mou katadOavouv
o€ €vav aviyveutn adou dlaoxioouv évav OYKo METPWHATOC Sivetal amo tnv akoAoubn oxéon

(Lesparre et al., 2012):
v(rm,n,AT) = I(rm,n) X At X T(Tm,n) Eélowon 2.2

Omnovu 1o / (E€lowon 4.3) avtumpoowneVUel To OAOKANpwHA TG pong Hloviwv mou Stacyilouv tn
yewAoykr Sour (cm2sr-ls1) we ouvdptnon tne mpoorintovoac Stadopkic poric @ (cm™srls”
') kat tng eAdxiotng evépyelag E,,y, (o GeV) mou eival avaykaio yla Ta povia va Slocyicouv
™ Soun am’akpn o’akpn tov ndalotelakd do0po ylo SeS0pEvn TUKVOTNTO O ODALPLKEG

ouvtetaypueveg [X(@,6)] (Lesparre et al., 2012):
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I(p,G,X = f ¢0(E, 9, (p)dE EE[G(DGT] 2.3
E

min

At glvat n duapkela g pétpnong (s) kat T (cm2sr) eival n amodotikdétnTa (acceptance) tou
OVLXVEUTH), N omola ival €va HETPO TNG ATOTEAECUATIKOTNTOG TOU TNAECKOTILOU VOl GUAAEEEL pLa
pon Hoviwyv yla dedopevn oTeped ywvia Kal EapTATAL OO TA YEWUETPLIKA XAPAKTNPLOTIKA TOU

avixveutn (x,y dtaotdoelg, péyebog patviou).

2215

1973
©
N
€
1739 2
D S
= E=
- 2
i)
2
‘®
1479 §
©

1206

-n/3 -n/6 0.0 -n/6 /3 -n/2
azimuth angle ()

Eik. 2.2. OswpnTIKO LUOVTEAO «UNKOG TTUKVOTNTAGC» UTTOAOYLOUEVO yla SLapopeq alluoUTIaKES Kal TTOAIKEC YwVIEC
egvog bouou oto neaiotelo twv MeGavwv ue uéon mukvotnta 2.5 g~cm'3. O UMOUETIKOC QVIXVEUTHG EXEL
tontodetndei atn 9on (0,0).

Eav eivat edpkty n oUAANYN evog Bewpntikol HOVTEAOU SLAS00NG TWV KOOULKWV
HoViwy pEoa o €va YEWAOYLKO HEcO (Mm.X. MEOCW TIPOCOUOLWOEWV TUTou Monte Carlo), o

T0000TO TNG €€a0B€viong TNG PONG TWV KOOMLKWVY ULoViwv propel va xpnopomownBel yua va
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KaBoplotel To MAgOvaopa 1 EAEPA TG HAlog otnv KateuBuvon Tng mapatpnong Kot va
npotaBel €va peaAloTIKO HOVIEAO UNKOUG TIUKVOTNTACG HECA OTO YEWAOYLKO Héco. Eva Tétolo
BewpnTIKO HOVTEAO PNKOUG TTIUKVOTNTAC Tou Staoyiletal otnv KateuBuvon OAwv Twv mBavwv
TPOXLWV ULOVIWV TIOU TIPOOTIMTOUV O pla YEwAoYLKr dour kKal kataypddovtal and aviyVeUTN

Slvetal otnv Ek. 2.2 yla tnv nepimtwon evog ndatotelakol S0Hou amd To ndailoTeElo Twy

MeBavwv.
a)
m 2
e 3
Q n
= -
o <
= )
S
= 3
- S
60 = (] [ [ 30 8
0 312 624 936
®(mrad)
Field Data 5
2 PN : 27
g " 5
0.5¢ B . é 22.6-
B
% e 225
Y 1 .
BN 2.4
=,' © i -1
T ., ‘ o 5 30 20 10 0 10 20 30
- 05 0 0.5 T Zenith angle (%)
Easting

Ewk. 2.3. MloypapIKEC amelKoVIOELS TOLKIAWY YEWAOYIKWY SOUWV: a) XWPLKN KATAVOUN TETPWUATWY NPALOTELXKOU
éouou (lanwvia, Tanaka and Yokoyama, 2008). Ot KOKKIVEC TEPLOXEC AVTUTPOOWIEUOUV NQULOTELOKA TIETPWUATO
(AaBeg) ueyadutepnc mukvotntoag amo ta neptBaidovra (UmAe), b) padioypapikn eikova An@dsioa péoca omod
UETaAAE(0 TNG Ywplkn¢ eédmAwaong oupavioUxou Koltaouato¢ (okoupa reptoyn, Schouten and Ledru, 2018)
NEPLBAAAOUEVO QIO UNTPLKO TTETPWUN XUUNAOTEPNG MUKVOTNTAG O padloypapikl gikova (Kavadag), c) ywviakn
katavoun tc¢ nukvotntac Bpayoualag evrog onpayyas (FfaAdia), ue tnv andtoun ntwon (-10 éwc 10 rad) va
QVTUTPOOWIEVEL TNV EUPAvION pryuatoc (Lesparre et al., 2016).

MNeploxec NG padloypadlkng ewkovag pe €vtovn avtiBeon (Ewk. 2.3) ouvnbwg
gpunvevovtal we Slakpltég AtBoloyieg (m.x. Tanaka and Yokoyama, 2008; Tanaka, 2015), wg
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noatotelakol mopol  daktuAeloeldeic dAEPReg (m.x. Olah, et al., 2018), kol\otNTEG (TT.X. Lesparre
et al., 2012) n Swappnéeis (m.x. Tanaka et al., 2011; Tanaka and Muraoka, 2013; Hernandez et
al., 2016; Lesparre et al., 2016). Ot TEAeUTALEG AMOTUTIWVOVTAL OTNV €LKOVA WG AVWUAALEG OTN
YWVLAKN KATAVOUNA TNG TUKVOTNTAG, WG QMOTEAECUA TNG ANMOTOMNG TITWONG TNG TTUKVOTNTOG

TIOU TIPOKUTITEL ATtO TO AUENUEVO TTOPWOEG TWV TTETPWHATWY TIOU £XOUV KatarmovnBel péoa otn

pnéyevn {wvn.
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KEPAAAIO 3: TEXNOAOI'TEX ANIXNEYEHY MIONIQN — THAEXKOIITIA
MIONIQN

Alddopec peBoboroyiec aviyveutwy (ATOL TnAeokomio poviwv, Ewk. 3.1) €xouv
XPNOLUOTOLNBEL 0T poypodla Kol KUPAVOVTOL OO MAGKES TUPNVIKWY YOAQKTWHOATWY £WE
onwBiplotee (my. Tanaka et al, 2005; Lesparre et al, 2012). OL mMAQKEC TMULPNVIKOUL
yaiaktwportog (Morishima, 2015) noapexouv amelkovioels LIPNARS avAaAuonc, oAAAd To POOLKO
TOUC PELOVEKTNUA €IvVaL OTL ameKoviZouy TO OBPOLOTIKO AMOTEAECLO TWY SLEPYOHEVWY HLOViwY.
AgploL avixveuteg (Olah et al., 2018) ¢oivetal va amoteAoly L svOAAOKTIKG €kBOXN Twv
KOBLEPp WHEVWY OTILVENPLOTWY QVIXVELTWY, QyyilovTog TNV KATEAANASTNTO TWV TEAEUTRIWY KAl
opa pmopolV vol PETOTPEPOUY TIC METOROAEC TNG TUKVOTNTNTOC O ALBOAOVIKEC N BOLLKECS

HETOROAEC OE POy LATIKO ¥povo (Varga et al., 2016).

Eik. 3.1. Mévw apiotepd: TPoyiés ptovity o MAGKa MUPRVIKOU YOAQKTWHOTOS {(uToypaeikd eidy). Mdve Seéid:
«tnAeokomnikn» Siotaln aviyveutwv owpotibitv. Katayooe) Tt SIEAEUONE TOU HovIoU KOt OTOUG U0 QVIYVEUTEG
ETUTPETEL THV QVAOUVTEDH TPOXIGC. KATw apioTepd: Juototyia ormivinpiotwv aviyveutwv. Katw beid: tnAeokornio
poviwv, TAGkeq ormvonpiotmv.
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Mua ToAAG umtooxOuevn texvoloyia eival auti Twv aviyveutwv MicroMegas (Micro-
Mesh Gaseous Structure), oL omoilolL avKOUV OTNV KAtnyopila Twv micro-pattern gaseous
detectors (MPGD), pe Gplotn XPOVikn Kot Xwplkn avaAuon (Alexopoulos et al., 2010a). Ot
QVLXVEUTEC MicroMegas avamtuooovtal TeAsutaia yla tnv avoBabuion twv eunpodobiwv
QVIXVEUTWV HLOViwv Tou Melpapatog ATLAS otov Meyalo Emtayuvtr) Adpoviwv (LHC) oto
CERN (Alexopoulos et al., 2010b). MNpoodateg nmpoomnabeleg (Bouteille et al., 2016) pe otdox0 TNV
EAATTWON TOU OYKOU TWV NAEKTPOVIKWY, TNG NAEKTPLKAG KATAVAAWONG KAl TOU KOOTOUG

ETUTPEMOUV VA KATAOTABoUV auTol OL A€PLOL QAVLXVEUTEG TIPOKTIKA €PAPUOCLUOL KAl OTh

uwoypadia.
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KE®AAAIO 4: IIEIPAMATIKEX ATAAIKAXZIEX XTHN ITAPOYXA EPEYNA ME
ANIXNEYTEX

Me OTOXO TNV QVAKTINON TEPAUATIKWY Hoypodlkwy dedouévwv anod nodaiotela tou
QLyaLoKoU Xwpou, 0To MAALoLo TNG apoloag Epeuvag afloAoynBnke n xpnon avixveuTwyv OAwv
TwV Katnyoplwv. OL uTtdpxovieg avixveuteg MicroMegas tou EMIM, av kat Ba amoteAovoav
avikn emloyn ywa Adyoug mou mpoavadEépBnkav, wotdoo KpiBnke mpaktikd SucoXepPNng N
€ykatdotaon Ttoug oto medio. H avaykn HETAAAKOU KPUWHATOG yla tnv €€aocdalion
TNAgoKOTUKNG SLATaENG, N avaykn yLa cuvexn mapoxn NAEKTPLKOU PEULATOC KOL N AVOITANPWON
TOU TIEPLEPXOUEVOU OEPIOU CUOTNUATIKA, Kablotouoav Tn AElToupylo TOUC OTO €EWTEPLKO
nepBArlov, HOKPLA OO TIG EYKATOOTAOELG TOu ISpupatog, TPakTika aduvatn yla TiG

SuvatoTnNTEC TNC TPEXOUTAC EPEUVAG.

Avaloyeg OuokoAie¢ Oa avtiuetwmile kot n €kBeon TOU AON  UTIAPXOVTOG
(exmawdeutikol) tnAeokomiov poviwv tou TunRuato¢ Quokng (EMM). EmumpooBétwe, ot
TAQOTIKOL OoTIVONPLOTEG TOU Ba EMETPEMAV LOVO TNV KOToypadr) CUUMTWOEWVY Kal oToug duo
OVLXVEUTEC yla KOOe SlepxOpevo ULOVLO, XwpLig Kapia Anpodopia yia tn B€on KoL CUVENWE TV

TPOXLA Tou, amokAeiovtag tn ouvBeon padloypadlkig ELKOVAG.

H evamopeivaoa emloyr ATAV QUTH TwV TUPNVIKWV YyoAOKTwHATwy. H €kBeon
ocuotolyiag mMAaKkwv TuPNVIKWY yoAaktwudtwy (nuclear emulsion films) oe «tnAeokorikn»
Swataén dev €xel avaykn TNV Topoxn NAEKTPIKOU PeVUMATOC KOL KATaypAdeL TNV XWPLKNA
KOTOAVOUN TWV SLEPXOUEVWY KOOULKWY HLOVIWVY, ETUTPETOVTAC TNV avaoUvBeon TNG TPOXLAG
Touc. Eva TNAEOKOTILO ULOVIWV KOTOOKEUAOUEVO ATTO TTAGKECG TIUPNVIKOU YOAXKTWHATOG (Ap)
amoteAeital and svaAlayr TETOWwV TAGKWV (Ppwtoypadikwv Al) kat mAakwv HoAuBdou
evélapeoa. To TNAEOKOTILO TTPOoAVATOALIETOL TTPOG TNV KATELOUVON TNG YEWAOYLKAC SOUNG TTPOC

Slepevvnon.

MNna tv e€aodaiion MAGKWY TIUPNVIKWY YOAAKTWHUATWY yla ULoYPaPIKEC EPOAPLOYEC
amotaBnkape oto INFN, Napoli (IT). Ta ¢l mou xpnoluomolel tov ev Aoyw 16pupa yia
uwoypadlkég edappoyes noawoteiwv (. Miyamoto et al.,, 2017) akoAouBoUv TIG
npodlaypadég (Morishima, 2015; Morishima et al, 2017) twv ¢WAp (Ewk. 4.1) mou
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Xpnowomnotlovuvtal oto meipapa OPERA, Gran Sasso, Italy (Acquafredda et al., 2009) yia tnv
avixveuon tou vetpivou (44 um Taxo¢ YaAQAKTWUOTOC TTOU KAAUTITEL TIG SUO TAEUPEG ia Baong
TAC kot €xel dlaotaocelg 10x12.5 cm? kat avantuxbnke oto Mavemotiuo tng Nagoya o€

ouvepyaoia pe tnv Fuji Film).

Ewk.4.1. Aplotepa: ouototyia mAakwv rupnvikoU yadaktwuoatoc (brick), ue moapeuBoAn @uAiwv puoAvBbou, amo to
neipapa OPERA («OPERA brick»). 2e autn tnv €peuva ypnoutrowindnke yia padloypagpikoug okomouc. Aséia:
TPOXLEC KOOULKWYV ULOVIWV O€ MAGKX TUPNVIKOU YOAKTWUATOG.

(a) 60pum

Emulsion layer
175um

PS base 60um

Emulsion layer
Ve
development_\)
/ Y I\
silver bromide crystals gelatin layer 3-dimensional track

Ewk. 4.2 a) Baon moAuoTtupéEVIoU aTnV ortoia ETLOTPWVETAL TO yaAdaktwva AgBr. b) diatourn tou utoypa@ikoU QAL
c) Etkova kOokwv AgBr armo nAEKTPOVIKO ULKPOOKOTTLO. d) TO «apvNTIKO» QUITOTUNMWUA TNG TPOXLAG UETH TV avaywyi
TWV aTOUwWV Ag arto to SLEPYOUEVO ULOVLO. e) H TpoxLd ueta tnv avanapaywyn tou @Au (Morishima et al., 2017)
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To yohdaktwpa (Ewk. 4.2) tng mAAGkag amoteAeital amd KpuoTtaAAoug Bpwptovxou
oapyvpou (AgBr), kokkopetpiag 100 nm, evOwHOTWUEVOUC ot lehativn. To yoAAKTWUA
ETUOTPWVETAL Kol oTlg Suo OYelg pLag Aemtng (170 um) diadavng BAaong amod MOAUCTUPEVLO
(PS). To doptiopévo ocwpatiblo mou Slaoyilel Tov KpuotaAlo AgBr mpokaAel TNV XNULKNA
avaywyn tou Ag, adrvovtag cucowHATWHATA Ag TTOU SLOOPdWVOUV TNV «APVNTIKA» ELKOVA.
Kata tn xnuikn Stadikaoia ywa tTnv avamnapaywyrn tou Gl ol KOKKOL apylUpou oo Toug

omoioug £xeL 51EABeL To dopTIoUEVO owpatidlo pmopouv va avadelyBouv Kal va amoTunwaoouv

TNV TPOXLA TOU CWHATLSI0U KATA TNV Kivnor) Tou HECA 0TO YOAAKTWHAL.

Ewk. 4.3. OYin (aptotepa) kat mpopiA (Seéia) Tou TNAEoKOMiOU ULOVIWV TTOU XpnonuilomolnOnke oto MEPAUATO
QUTNG TNC EPEUVAG. AVALEDN OTIC ATOAALVEG TAGQKEG Eival TOMOVETNUEVA PIAU (HEPOOTEYWE OUOKEUXOUEVA) KOl
@UAAa poAuBbou.

Ta ¢\p ploypadiag sivatl cuvnbwe «ypnyopa» ¢ilpy, dnAadn mapouaotalouv uPnin
evalobnola kal peyaAn kokkopetpia (LPnAn Tun 1SO). Zto mMAaiolo TG cuvepyaciag Hag LE TO
INFN 606nkav 17 ¢\ yla EpAUATIONO o eAANVIKEG B€oelg. OL dlaotaoelg kaBe b nTav
15x25x1.5 cm. NapdAAnAa pe ta pAp arod to INFN Sokipdotnkav Kol EUMopLlkd pwtoypadika
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G (Iiford, 1SO 3200). Adyw tou LPNAOY KOOTOUC TWV PWTWY (~ 2100 €/m?), Ta Seutepa Ba

QIOTEAOU AV UL OLKOVOLLKI) EVOAAQKTLIKI) AUon yla ploypadia poutivac.

5498300 5502500 5506700

5498300 5502500 ' 5506700

Ewk. 4.4.Wnelako povtédo ebagouc tou neaioteiov twv Medavwv. lnyn: EU-DEM - a hybrid 3D raster DTM
(GeoTIFF) combining SRTM (Shuttle Radar Topography Mission) and ASTER (Advanced Spaceborne Thermal
Emission and Reflection Radiometer). SUotnua avaopdc EPSG:3035 - ETRS89 / LAEA Europe — Projected.

Ta dA\n tomoBetnBnkav oe Siatagn «tnAeokomiou» (Ewk. 4.3). OWUU aePOOTEYWG
OUOKEUQOUEVA TOMOBeTHBNKav eval\a pe Aemtd pUANa poAUBSou (Eik. 4.5), evw n pmpootivi
Kal omioBev oYn tng cuotolxeiag kaAudOnke pe GUAAa atoaAlov. H mapeuBoAn kot kaluyn
TWV METOAAKWY TIAQKWV €XEL W OTOXO TNV KATtaotoAn tng meptBarloviikng Lovilouoag
aktwoBoAiag (kupiwg tumou B), kabwg emiong Kot TNV mMapeUnodion elo6dou 0To TNAECKOTILO
pHoviwv mou KatadpBavouv péow okeddoswv. OL SlAOTACELC TNG TeEAKNG Slatagng

(tnAeokomiou) NTav 20x20x15 cm. Ta AL xwpilotnkav o€ 2 opadeg (14 & 3 avtiotolya) ya tn
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ouvBeon Suo EexwpLoTWV TNAECKOTWY Ta omola tonoBetnBnkav o Suo SladopeTikég BETELS

vewAoylkoU evlladépovtog avtiotowa (Eik. 4.5 kat Eik. 4.6).

Site 1: Methana volcanic dome

-
Dy

- -y

Placedon:2Dec 2017, Retrievedon: 3 Feb2017
& A (WGS84) :37.61279,7 23.34194°
Strike / dip of detector: N5S8*W / 55°S

& F

Front

Eik. 4.5. Aptotepd: o neatotelakog 0o ou utoBAnOnke oe utoypapia. O Aviyveutng tortodstndnke Eunpoodev
TOU KwVvikoU ouou otn 9on mou dnAwvet to B€Aoc. Aeéia mavw: 0 QVIXVEUTHC, TIPOOTATEUUEVOC LECA OE
nepiBAnua amo vavdov. Agéia katw: n Statoun tnc tnAeckomikng Stataéng. Me UAUPEC KATAKOPUPEC YPAUUEG
ouuBoAifovral ta QAU evw UE TI¢ UITAE Ta pUAAa poAUvB6ou nmou mapeuBAndnoav avaueoa tous. Katw divovrat ot
OUVTETAYUEVEC KAFWE KAl TAL OTOLYE( TTPOTAVATOALOUOU TOU QVIXVEUTH).

H mpwtn B¢on adopd évav ndatotelakd S0po tou ndatoteiov twv Mebdavwv. To
noaiotelo Twv MebBavwv (Etk. 4.4) eival pélog Tou evepyol eAAnVIKoU ndatotelakol Tofou, To
omoio e&eppayn yla tedevtaia dopad nptv and 2.3 kyr (Pe-Piper and Piper, 2013). MpokeLtal yla
ouvBetn Soun amoteholpevn and Sekadeg ndatotelakoug dopoug (Dietrich and Gaitanakis,
1995). Népa amnd to yeyovog otL n kKukAodopia udpoBepuikwy pevotwy eival ev e€elifel ota

MéBava, onwg Stamotwvetal ano payvnroteAoupikad dedopéva (Eftsratiou et al., 2012), to
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nooaiotelo €xeL  €KTOTE  MEIVEL TIPAKTIKA  OVEVEPYO. Qotoco, n mpooodatn
enavadpaotnplonoinon tou ndatoteiov Sinabung otnv Ivéovnoia (Gunawan et al., 2017), to
ormolo €ixe MPoNyouUEVWE KOTnyopLomolnBel wg avevepyo emiong, avadelKVUEL TNV AVAYKN yLa
OUOTNUATIKN TtapakoAouBnon twv ndatoteiwv ¢ EAAGdaC. Yo 1o dwc TnG mapakoAoudnong
YEWKLVEUVWY, N Uloypadikr) anelkovion tou ndatoteiov Twv Mebavwv eival kaboplotikr. O
QVIXVEUTNG amoteAoUpevog amod ta 14 ¢\n tomobetrnBnke éunpocBev noatotelakol So0uoU,
mAnoiov ekelvou mpou efeppayn mpwv amd 2.3 kyr (Ewk. 4.5). O aviXVEUTAG TAPEUELVE

eKTEBELUEVOG OTNn BEon yla 2 PAVEG.

Site 2: Megar

"~
S5
-~
=
=
e
<~

Placedon:3 Dec2017, Retrievedon: 3 Feb 2017
& A (WGS84) : 37.98340N, 23.31232°
Strike/ dip of detector: N32°W / 60°W

Eik 4.6. Aplotepd: XopoKTNPLOTIKY) KWVIKN YEWUOPEN OTnV Tomoypapia Tou mediou twv Meyapwv. To B€Aoc
Seiyver ™ Jon mou tomoVetnUnke o aviyveutng. Aséla navw: H 9éon mou tomoTstndnke o LLOYypA@PLKOC
aVIXVEUTNG. Agéla katw: n dtataén twv @UAu kat Twv eUAAwv uoAvBéou uéoa oto thAeokomio kadwe emiong ot
OUVTETQYUEVEG KOUL T OTOLYELQ TIPOTAVATOALGUOU TOU QVIXVEUTH.

H 6eltepn Béon mou umePAnOn oe ploypadila NTAV PO XOPAKTNPLOTIKY) CUUUETPLKN
KWVLKA popdn otnv puoikn tonoypadia twv Meydpwv. Adyw Tou UIKPOTEPOU PEYEBOUC TNG o€

oxéon He tov ndalotelakd §6po Twv MeBAvVWY Kal TO XOPAKTNPLOTIKO KWVIKO TNG OXNUA, N
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Béon autn BewpnBdnke KATAANAN yLa TNV avAKTNON €vog ploypadikou mpodth tomoypadiag,
aueoa eAEYELLOU WG TPOC TNV akpiBeld tou. ITo TNAECKOTLO TTOU TOTOBETABNKE O AUTH TN
Béon (Ewk. 4.5) mépa amno ta 4 ploypadikd ¢pl\p tou INFN evowpatwOnkav kat 3 ¢ liford. O

OVLXVEUTNG MOPEUELVE OTN BEoN yla 2 LAVEC.

META TNV AVAKTNON TWV aVIXVEUTWY, T0oo Ta ¢ lIford oo kat éva ek Twv 4 Tou INFN
kpatBnkav oto EMIM, evw ta untdéAouna eotdAnoav oto INFN yia avamapaywyr. Ta GAp mou
kpatnOnkav oto EMM umofAnBnkav oe avamapaywyrp otoug Xwpoug Tou Epyaotnpiou
Mupnvikng Texvohoyiag otn ZxoAnn Mnxavoldywv Mnxavikwv EMM. To ev Aoyw epyaotriplo
Sla0tel umodoun (BaAapo) kat katdAnAa avildpaoctpla ylo TNV avanapaywyrn Gu\p mou
xpnotgormnotovuvtal otn padloypadio akTivwv X UKPWVY OVTIKELLEVWY (LETAAALKWY, KEPAUIKWV
K.a.). Ta avidpaotrpla Tou Epyaotnpiou Mupnvikng Texvoloyiag ATav tkava va gpdavicouv

o AU TG lIford, aAAG akataAAnAa yia thv epdavion Twv ploypadikwv ¢l tou INFN.

/
objective | ——
lens

emulsion
layer

Ewk. 4.7. To unAé B€Aocg dixvel tnv katevduvon kivnong tou QAU evw To KOKKLVO SUTAO B€Ao¢ umodnAwvel tnv
ouvdetn (optlovtia koL KaTtakopun) Kivnon ToU QVTIKELUEVIKOU @akou. Me autov tov tpomo AauBavovroal
SLOOOXLKEG ELKOVEG amO SlaPOPETIKA eTtineda €0TiONG UECH OTO MUPNVIKO yaAdktwua (Amo Morishina and
Nakano, 2010).

Ooov adopad ta untodouna poypadikd AL, ekelva eotaAnoayv yla epdavion oto Gran
Sasso Science Institute (IT). Ztn ouvéxela, ta epdaviocpeva ¢pp eneotpadnoav oto INFN yla

ovaouvBeon TG LLOYPAPLKAG ELKOVOG UE CAPWON UTIO TO UIKPOOKOTILO KOl 0TI CUVEXELD, LECW



23|

KATAANAwv aAyopiBuwy enefepyaciag elkovag, yla TNV avaclvBeon TG TPOXLAG (Kal apa TG

HLoypadLKAG ELKOVOG).

Kata tn Swadikacio (Ewk. 4.7) auty to ¢\ tomobBeteital oe opllovila emipavela n
omola kweltal pe otabepn taxutnta (afovag X). Evag avtikelevikog ¢pakog KIVeltal T000 Katd
Vv opllovtia (X), 600 Kal Katd TNV Katakopudn Evvola (omTikog agova, Z), wote va Aappavel
Sladoxkég ewkoveg amo Siadopetika Badn péoa oto dwtomepatd PpAp (Morishima and
Nakano, 2010). H «apvntikn» €lkova (latent image) Tng TpoxLAG EVOG Lloviou avayvwpilletal wg
gt aAAnAouxia KOKKwv UeToAAkoU Ag. MNa Tnv €mMiOMEUON TNG CAPWONG TWV TUPNVIKWY
YOAOKTWUATWY XPNOLIOTMOoLoUVTaL auTOPaTa cuoThpota odpwong (mX. Morishima and
Nakano, 2010). To eupwnaiko cuotnua cdpwong (ESS) mAakwyv MUpNVIKWV YOAAKTWHATWY (WG
0 avtimodag Tou Lamwvikou, Super — UTS) ocapwvel tnv enidpavela tou G pe tayxvtnta 20
cm?/h. H Kdpepa Tou eivat cuvEESEUEVN e TOV QVTIKELLEVIKO dakd cuMéyel SeSopéva g

taéng tou 1.3 GB/s (Morishima and Nakano, 2010).

image acquisition

|

A -| B
ey Qe 5.2
1 < ,' . b ':'- e / / 4
TS / / £
nuclear tomographic pixel track
emulsion image information information

Ewk.4.8. Sxnuatiko Siaypauua tou hardware ylo thy avayvwplon TpOXLWVY ULOVIWY OE ULOYPELKO @IAU. Kade chip
FGPA avaAauBavel uia Asttoupyio onweg e@apuoyn avwnepatol @idtpou (1), kataokeun Suadikng (binary)
ewkovac (2), uetatpornn oe pixel (3) kat avayvwpion tpoxiwy (4) (Morishima and Nakano, 2010).

AkolouBouv Sladopa otadla emefepyaoiag Twv €KOVWY Tou eAndBnoav wote va
OlVOKATOAOKEUOLOTOUV OL TPOXLEG TWV SLEPXOUEVWV HLOViwY. ApXLKA eapUOTETAL £V AVWITEPOTO
diAtpo ywa va efopaluvBoulv oL avopolopopdiec otn dwtewotnta (g€ attiag X, TNG
OVIOOKATAVOUAC KOKKWV AgBr). Kd&be «dwtewvog» KOKKOC Kwdkomoleital pe  pixel,

kataAnyovtag £tol o€ pa duadikn (binary) raster elkéva otig X,Y SLo0TAoEL.
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3TN OUVEXELQ, OL ELKOVEC IOV TPoEkuav Kata To ponyoupevo otadlo urmofailovrat
o€ mepaltépw enefepyacia. Ot raster elkOve avaAvovtal and aAyoplOpo avayvwplong TPoxLAg
ue xpnon FPGA (Field Programmable Gate Array). H onuavtikotepn mPOKANON QuTAG TNG
Stadkaoiag eival n avayvwplon Twv TPOXLWV TWV aKTVwV ploviwv. Népav Twv Tpoxlwy Twv
poviwv (beam tracks) nAektpovia Compton Ba dnpoupyrcouv TpoxLEC (microtracks) péoa otn
LA [ TNV GAAN oTpwon tou TupnvikoU yalaktwpatog (Ewk. 4.2b). O tpoxlég Twv ploviwv
avakataokevalovtal Baocel «ouveuBelakwv» microtracks mou epdavidovral kot ot duo
OTPWOELG TOU TUPNVLKOU yalaktwpatog (Ewk. 4.7). Itn ouvéxela kat pe tnv dla Aoyikn base
tracks amnod Siadopetikd AU Tou TNAECKOTIIOU CUVOETOVTAL VLA VO KATAOKEVOOTEL N Stadpopn

Tou cwpatidiouv péoa amno 0An tnv aAAnAouxia Twv GAU.

emulsion layer
44 um

/4— micro track

plastic base .
205 um / *— base track

emulsion layer

44 ym /4— micro track

Ew.4.9. Mwa base track mpoodiopiletar w¢ n ouvdeon duo «ouveuBelakwv» microcracks otic dSuo OYelg tou
utoypapikou @iAu (Morishima and Nakano, 2010)

O ouyypadéag cuppeteixe otn Stadkaoia odpwong Twv AL UTO TO ULKPOOKOTILO,
KaBwg Kal otnv enefepyacia TwWV CAPWUEVWVY EKOVWV HE KATAAANAOUG aAyoplBuoug
avaouvBeong tpoxLag mou £Aapav xwpa oto IFNF, Napoli (IT) untd tnv enomnteia tou Dr. Valeri
Tiukov. Qotooco, ta ploypadlkd G TIou XPNOLUOTIORONKAV OTO QVWTEPW TIELPAMATA

Bp€Bnkav va €xouv ektebel oe auvénuévn koopikr doon («heavily dosed»), pe amotéAeopa va
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eudavilovtal katd to otadlo tng cdpwong pe auvénuévn BoAotnta. Npodavwg, To peydlo
XPOVIKO SLaotnpa anobrKeuor ¢ Toug oTLg eykataotdaoels tou INFN mponyoupévwe tng €kBeong
Kal n Metakivnon toug petafl Stadopetikwy xwpwv (lanwvia-ItaAia-EAAGda) mpokdAeoe
emBapuvon emumA£ov €Kelvng TMOU UTEoTnoav Katd tnv €kBeor) toug katd to Siunvo

Sle€aywyng Twy MEpAPATWY oTLG poavadepBeioeg BéoeLg.

H katdotaon twv ¢ mou xpnolgonolibnkav otnv €psuva auth duoxepaivel tnv
Aettoupyia Tou aAyoplBuou avayvwplong tpoxtwv oto INFN pag kat o aAyoplOuog €xel va
Slaxelplotel vépog onueiwv MOAU peyaAUTEPO amod ekeivo mou Ba mepleApappave pévo Tig
TPOXLEG HLOVIWV TIOU OXNUATIoTNKAV KOTA To TMeipapa. H évtova BopuBwdng kataotaon twv
dAL Opweg Oev OMOKAElEL OPLOTIKA TNV QAVAKTNON KATIOlWV TPOXLWV KOL OVOpEVOVTOL

anoteAéopaTa.

Ano tnv AaMn, to €i60¢ Twv XNUIKWV avidpaotnpiwv tou Epyactnpiou Mupnvikng
Texvoloylag tou EMM amodeixbnke akatdAAnAo PEV yla TNV avamopaywyn Twv ploypadikwyv
S\ ou Statédnkav amod to INFN, oAAd KataAAnlo yla tnv avamnapaywyn twv ¢pp liford.
Itnv mepimtwon twv ¢ liford pe mapatpnon umd TO OMTIKO WULKPOOKOTILO EVIOMIOTNKOV
otiypata SiEAevong poptiopévwy cwpatidiwyv. Qotoco, eAAeiPel KatdAANANG UTtodoUNG yla
odpwon Kol enefepyacia TG HLoypadlkng €LkOVAC, OmoLadnTIOTE avamapAoTacn TPOXLAG Kol
ouvBeon eikovag eival aduvartn. EmutAéov, n emiBapuvon tou ¢ liford otn 66on kKooulkwv
OKTIVWV avapévetal va eival akopa Peyalltepn ekeivng twv poypadikwv Guip tou INFN,

AOYW TOU MAPATETAUEVOU XPOVOU amoBrKkeuong.
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KE®AAAIO 5: MONTEAA

5.1. ANAIIAPAXTAXH FTEQMETPIAX £TO GEANT4

EM\elel evog BewpnTikoU HOVTEAOU TNG SLAS00NG TNG KOOULKNG akTtivoBoAiag Stapécou
€VOC ndoalotelou, T TEPOAUATIKA amoteAéopata Oa eiyav pHOVO TOLOTIKO Yapaktnpa. H
TLOOOTIKOTIOLNON UTTOPEL CUVETIWCE VAl TUTEVXOEL HOVO LECW TIPOCOUOLWOEWY TIOU ETUTPETOUV
OUYKpLloEL TwV BewpnTikwv TPpoPAEPewY e Ta elpapaTikd Sedopéva. Evw n por NAEKTPLKOU
PEVHATOG Kal N S1ad0o0on TwV CELOUIKWY KUPATWVY EVAL OULTIOKPATIKEG Stadikaaoieg, n dtadoaon
NG KOOWULKNG akTvoBoAlag Stapéoou TnG UANG elval ev pépel otoxaotikr Stadikaoia. Kabwg n
dvon t™g dadoong twv ploviwv Slapéocou TNG UANG Sev emutpémel avaAuTIKEG AUOELG, Ol
npooopolwoel Monte Carlo xpnolpomoloUvial wote va OUANGBel éva  poviélo
oAnAenidpaong ploviwv-netpwpato (Nishiyama et al., 2016). Ot mpooopowwoel Monte
Carlo pmopouv emiong va 8LeUKOAUVOUV OTOV EAEYXO TNG XWPLKNG AVAAUGCNG TNG HLOoyPadIKAG
QMELKOVIONG. Me TNV TIPOOTTIKN VA EMLOTPATEUTOUV TNAECKOTILA MLOVIWV OE VNOLWTLKA
néaiotela tou Atyaiou and to EMM oto péAov, n epunveld TWV EMIKEIUEVWV TIELPOUATIKWVY
bebopévwy Ba eivat eAAng eav dev umopet va cuAANGDOBel Eva povtélo S1adoong TG KOGULKAG

oktwvoBoliag péoca og auta.

YIapxeL £vVag LKOVOTIOLNTLKOC apLlOUOC UTIOAOYLOTIKWY KWwSIKWV yla Tpocopoiwaon TUTou
Monte Carlo Twv aAAnAemdpdcewv petafl ocwpatidlaknig aktivoBoAiag kat UAnG otn dtdbeon
™C¢ mupNVIKAG PUoLKAG, TG GUOLKAG VPNAWV EVEPYELWV Kal TNG GUOLKAG TNG KOOULKNC
aktwvoPBoAiag. Ot o Stadedopévol KwSIKEG AUTAC TNG Katnyopiag sivat ot FLUKA (Battistoni et
al., 2015), CORSIKA (Engel et al., 2019), MCNPX (Waters et al. 2007) kot to GEANT4 (Agostinelli
et al.,, 2003). Elbikotepa, To Geant4 XpnOLUOTOLELTAL EUPEWG WG KWOLKAC TIPOCOUOIWwaNG g

oAAnAenidpaong cwpatidiwv pe TNV UAN o€ éva TANPWE IPOcAPUOCLUO TtEPLBAAAOV.

Ma toug okomoug tng ploypadiag o kwdikag tou GEANT4 nmpoodépeTal o OxEon HE
GANOUG KWOLKEC Yyl TIPOCOMOLWON TwV atpoodalplkwy Katalylopwv (air showers), twv

OAANAETUSPACEWY TWV KOOMLKWY HLOVIWV HE To pHéco Sladoong Kal TNV avixveuon toug amod
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€vav BewpnTiko aviyveutr (Béné et al., 2013). H mAatdopua GEANT4 eival Baciopévn otn
vAwooo poypappatiopol C++. H teAeutaia oxeSLAoTNKE yla val UTTOOTNPLIEL TNV EVVOLOAOYLKN
adaipeon 6edopévwy KoL TOV QVIIKELUEVOOTPAD TPOYPAUUATIONO, ETUMPOCOETWG TNG
kAaolwkng C. H avtikepevootpadng «epyaleloBbnikn» tou GEANT4 mepllapBavel éva clvolo
KAQOEWV €EELOIKEVPEVWY YLa ePapUoyEC PUOLKNG UPNAWY EVEPYELWY, EVW CUUTIEPAAUPBAVEL

Kall YEVIKOTEPEG BLBALOBNKEG KAACEWV, BIBALOONAKEG LABNUATIKWY (EUTIOPLKES I} AVOLYTEG) K.qL.

Ewk. 5.1. Wneotako povtédo edapouc tou npatoteiov ¢ Nigupou. Mpoédsuan: EU-DEM — uBpt&iko 3D raster DTM
(GeoTIFF) mou ouvéualel debouéva amo ti¢c anootodéc SRTM (Shuttle Radar Topography Mission) ko ASTER
(Advanced Spaceborne Thermal Emission and Reflection Radiometer). SUotnua ava@opac CUVTETAYUEVWY Eival TO
EPSG:3035 - ETRS89 / LAEA Europe — Projected.

Qotoco, to GEANT4 &ev mapouctdlel e€ueAlfla OTNV KATAOKEUN TIOAUTTAOKWY
VEWMETPLWY, OAV OQUTEC HME TIG omoieg epdavilovrol ol yewAoylkeg dopec otn ¢duon. Ta
noaiotela, mapd TNV POLVOUEVIK TOUG OUMUETPLO O MEYAAN KAlMOKa Tapatipnong

omoTeEAOUV  oUVOeETEC DUOLKEC «KATAOKEUEC» UE  AAANAOETUKAAUTTOHEVOUG  SOHOUC
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(mpoepxopevoug amo OladOpPETIKEG EKPNKTIKEG GAoelg) mpoodidovtag oto ndaiotelo

ToAUTAOKN yewpeTpia (Ewk. 5.1)

H kataokeur avtlkelpévwy oto GEANT4 (m.x. avixveutwyv, otoxwv K.a.) Baciletal otn
XPNon £TOLUWY OTEPEWV MO TNV adalpeTiky KAdon G4VuserDetectorConstruction. H
kKAdon autr meplExel (Ewk. 5.2) PBaoclkd oteped YEWUETPLKA oxnuata (constructed solid
geometry) amod T.x. MOpOoAANAEnimeSa, Kwvoug Kol TIG €LOIKEC TOUG TEPUTTWOELS (KUBOC,

KUAWVEpOG K.0.K.), KaBw¢ emiong kat e€eldikevpéva otepea (specific constructed solids).

AR

Eik.5.2. BaOIKO OTEPEX YEWUETPLKA CYNUATA (4 TPWTA ATTO APLOTEPQ) KL ELOIKA YEWUETPLKA OYNUATA
(teAeutaio amo apLoTepa) Ao TNV APALPETIKI KAXON G4VuserDetectorConstruction ToU GEANTA.

H ouppetpikn) emavaindn, n n emavainn pe BAaon KAMOLOV KAvoOva, TwV OTEPEWV
OUTWV OTOV UTIOAOYLOTIKO Xwpo Tou GEANT4 WG HEUOVWUEVEG KOTOXWPNOELS, TIAPAYEL TNV
EMBOUUNTA YEWUETPLA YLO TIG TUTIKEG TTPOCOUOLWOELG OTN CWHATIOLOKN Puotkr. QoTdo0, OTIWC
npoavadepOnKe, oL yewAoykég SouéC epdavidovtal pe akavoviotn tomoypadia mou dev

OVATTOPOYAYETOL ATIO KATIOLOV AUCTNPO YEWUETPLKO Kavova.

‘Evag tpomog mapakapPng tou mpoPAHATOG TNG avamapaotaong te tonoypadiag pe
TOV opamnavw tPomo sivat n xpnon «Pnoddwtwv» (tessellated) otepewv Kal n eloaywyr Toug
oto GEANT4 wc¢ mpokaBoplopéva poviéda tumou CAD. Wnolakd poviéda tomoypadiog (oto
€€nc Ynowa povtéda edadoug/digital terrain models — DTM) umopouv va KATAOKEUAGTOUV
otnv popdn CAD. Qotdoo, n elcaywyn toug oto GEANT4A Sev eival eUkoAn umdBeon. Iuxva
amotteital evélapeon petatponn tou apxeiov CAD oe popdn STL A PLY NG yewpeTpiag péow
GDML (Geometry Description Markup Language) pe xprion €umoptkou r tpitou (third-party)

AOyLoHLKOU.



29]

To mpwtoyevny Bebopeva (DTM) kataAnyouv otov Ypnotn ouvnBwg HE TN popdn
Sopudoplkwy €IKOVWY TUTOL raster: e€vog opBoywviog kavoBoc omod pixel Swodopetikwy
eVTAoEWY GWIEWOTNTOC. H TR tng €vtaong tou pixel avtiotowel kol oto LPOUETPO TNC
TEPLOXNE TNE EMLPAVELOS TOU £8APoUC TToU KOAUTTEL N €ktoion Tou pixel vt SeSopgvn
ovoAUGON TNG lKOvOC. Mo vo UMopel N MpwToyevnC £lkova raster vo elcoxBel otov KwSLka Tou
GEANT4 n petatponn tng o popdn CAD omoutel MOAAY oTASIA ETQOXNHOATIONOU OfF
SladpopeTikol TUMoU opXelol (opXIKA O SLOVUOMOTIKE opXeid Tomou TIN K.0.K.) vl va
KatoAnéel otnv kordAAnAn popdn (STL, PLY k.o.). H SaSikacia Twy HETATPOTWY, ONWE
npoovapEPBNKE, amaltel tn xpRon svSIUECWY AOYIOLIK WY, ElvaL TTOAUTTAOKN, XpOvoRopa, EVW
TO TIOPOYOREVO. OPXELQ UMOpEL va TIEpLEXOUY AABN (bugs) KAVOVTAC TO TEALKY UN-OVayVOO LD

oo to GEANT4.

G4VSolid |~ GAlogicalVolume | | G4VPhysicalVolume
/JZFR“ /’/ /“/ Q\ AR
G4Material . i
G4Box f arenal i G4VisAttributes GAPVPlacement ‘
1 /"
G4Tubs G4VSensitiveDetector GAPVParameterised

Eik5.3. Ta ewoiodoyikd enineSa yia tov kaGopiOpd ki ThY TOMOUETNON evig avTikeipévou (otepeot) otov
UITOAOYLOTIKO Ywpo Tou GEANTA

€ OUTH TNV epyacio BewpoURE OTL N KATAOKEUN TNG ToToypodiog (yewuetplag) evog
néaloteiov Ba givol IO AUETN, XOPAAECTEPN, TILO EVEALKTN KOl BO TOPEKOUTTE TIC TIOPOITOVW
SuokoAieg eav aflomolnBel n €vvola Tou voxel Kol oL eMMAEoV 0AYOPLBLIKES SLUVOTOTNTES TNC
C++. Tow voxels amoteAolv MOPAUETPOTIOLNHEVES VP ODIKEC OTELKOVIOELS SLOKPITWY OTOLE WV
otov TpladLioToTo Xwpo (Kat'ovoiov Tplodidotata pixels i pixels pe tpitn Sidotaon - Oog).
Voxel €lvol Kol TO OTOKEWWSEC OTOWELD QVOMOPAOTOONG VEWHETpLwY oto GEANT4. H
Slablkooion KHBopLOUOL Kol TOTOBETNONC €VOC VEWUETPLKOU OVTLKELMEVOU (OKOMOL KOL oV

TPOKEITOL YL opBoywvio TopoAAnAenineSo mou avomaploTd €va voxel) oTtov UTIOAOYLOTLKO
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Xwpo tou GEANT4 nepllapBavel tpia evvolohoyika enimeda (Eik. 5.3): o) To oplopnd tou €idoug
TOU QVTIKEWEVOU (oxAuo Kot péyebog) péoa amd tnv kAdon G4VSolid, B) tov oploud
BuyaTPKWVY PUCLKWV OYKWV, TO €L60G TOU UALKOU, TNV evalobnaoia tou K.a. Eoa amo TV KAAon

G4LogicalVolume kat y) tn 6€on kat tnv otpodn péca amnod tnv kKAaon G4VPhysicalVolume.

EWdika n kAaon G4logicalVolume mepléxel 0An tnv mAnpodopia tou otepeol OyKou
ANV ¢ B€on¢ (oxnua kat Stdotaocn, svalodnoia, WBLOTNTEG oMtk amodoong, K.a.). Duatkol
OykoL Tou 16ilou TUMou pmopoUv va KataxwpenBouv otov Lo «AoyLlkd Oyko». YTIAPXEL LEPAPXLKN
OX€0N METALYU UNTPLKWV Kol Buyatplkwv oykwv. H Béon kal n meplotpodn evog Buyatplkol
OyKOU TePLypAdETAL WG TTPOG TO TOTUKO CUCTNHO CUVTETAYUEVWY TOU UNTPLKOU Oykou. H apxn
TOU HUNTPLKOU OUOTNUATOGC CUVIETAYUEVWVY BpPLlOKETOL OTO KEVIPO TOU MUNTPWKOU Oykou. Ot
Buyatpkol OykoL v UmopouV, GUVETWG, VO TIPOEEEXOUV TWV UNTPLKWY OYKWV Kol TEAOG oL

Buyatpikol oykol Sev emTpEneTal Vot aAANAOETUKOAUTITOVTOL.

YynAotepa otnv Lepapyiao Bploketal o Oykog tou «koopou» (world volume) o omoiog
TPEMEL va €lval 0 povadlkog GUOIKOC OYKOG TIOU TEPLEXEL, €VTOG TeplBwpiwv, OAOUG TOUG
AaAA\oug OykouG. O «KOOMOG» KaBopilel To yeVIKO CUOTNUA CUVIETAYUEVWV KAl N apxn Tou
OUOTINUATOG CUVTETAYHEVWY TOU «KOOUOU» BPpIlOKETAL OTO KEVTPO TOU. AGPOAWE, amayopeVETOL
va potlpdaletal omoladnmote emipAVELX UE TNV TIEPLEXOUEVN YEWMETPLA. lNa TNV KATOOKEUN
OUVOETWY YEWUETPLWV TIOU TIPOKUTITOUV Ao TNV eMavAAnPn evog OTOLXELWOOUG YEWUETPLKOU
oxnuartog, évag (Buyatplkdg) oykog pmopet va emavaAndBel moAAég dopég e Tomobétnon oe
Slapopetikeg BEoelg MoANEG dopég (repeated volume).

H tonoBétnon (placement) mou emnttuyyavetal péow tng kKAdong G4PVPlacement yivetal
0To cuotnua avadopdg Tou UNTPLKoL Oykou e otpodr (rotation) i petatomnion (translation).
Itnv ewkova 5.4 mopouotaletal n Stadkaoio TomMoBETNONG EVOC OTEPEOU OVTLKELUEVOU HECQ
OTOV UTIOAOYLOTLKO XWpPOo Tou GEANT4 pe tn popdn Slaypappiatog pong, vw o TANPNG KwoLkag
o€ C++ Sivetat ot MAPAPTHMA.
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START

OpLOPOG «KOOHOU» WE 0pBoywvLo
napoAAnAemninégo ano tnv kAaonG4Box
G4Box* solidWorld

Metatpornn tou «koopou» (World) og «Aoyiko
Oyko» amo tnv kKAdon G4LogicalVolume*
logicWorld

TomoBETnon «KOCHOU» LECA OTOV UTTOAOYLOTLKO
Xwpo tou G4 péow
G4VPhysicalVolume* physWorld

Oplopog «meptBarlovoac» (Env) péow G4Box*
solidEnv

MeTtatpornh TG «TteptBAAOUCAC» OE AOYLKO OYKO
HEow GA4logicalVolume* logicEnv

TormoB£tnon tng «meptBaAlovoac» LECA OTOV
«KOOMO» HEow new G4PVPlacement

OpLopog otolxelwdoug doptkol oykou (voxel)
péow new G4Box

Metatpornn voxel og AoyLko OyKo HECW
G4logicalVolume

Oplopocg dtavuopartog B€ong tou voxel pe
G4ThreeVector

TomoB£tnon tou voxel LEoa OTOV LNTPLKO OYKO
(meptBaiovoa) pe new G4PVPlacement

TEAO2

Ewk. 5.4. Ataypauua por¢ tng dnutoupyiag yeWUETPIOG OTOV UNTOAOYLOTLKO xwpo Tou GEANTA.
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Baocel Tou mapamdvw SloypAppUatog pong (kat omwg meplypddeTal AVOAUTIKA OTO
MAPAPTHMA), n Kataokeur evog avtikelpévou oto GEANT4 amotehoUpevo amnd peyaio nmAnbog
voxels amattel tnv emavaAnyn tunuatwy kwdka (code blocks) tdéoeg dpopég, doa ival kat Ta
voxels mou amaptilouv to aviikeipevo, kaBe €va voxel tomoBetnuévo ot SLOPOPETIKEG
OUVTATAYUEVEG 0TO MAdioLo avadopdg tou world. Apa, n KATACKEUH TIOAUTTAOKWY YEWAOYIKWY
YEWUETpLWV/TOoMoypadlwy, Atol ndaiotela, kabiotatal apkeTd xpovoBopa, KATaArnyoviag o€

HOKPOOKEAEIC KWAIKEC pe avwdeAeg emavaANPEeLg.

JUYKEKPLUEVEG SOUEG SeSOUEVWY TTOU TTapEXEL N C++ emLTpEmMouy TNV avadlapbpwon tou
Kwdlka Tou adopd otV avamapdotacn TOAUTAOKNG YEWMETPLAG OTO UTOAOYLOTIKO
nieptBaAlov tou GEANT4. Edw, yivetal mpoomdBeia avadlapdpwaong Tou apxLlkol Kwdika Tou
napéxel to GEANT4 uloBetwvtag Sopég Sedopévwy TVAKwWY, KOBWEG KoL CUVAPTACEWY TIOU
avtAoUv xwpka dedopéva (x,y,z) and apxela mwvakwv (r.x. CSV, TXT) ota omoia pumopouv va

e€axBouv ta DTM tUTOU raster.

Ta x,y,z debopéva amo éva apyelo mivaka Umopouv va «avolxBouv» amod Tov KWKo Tng

C++ péow tng ouvaptnong fopen. H fopen €xeL tnv €€ng ouvtaén:

FILE * fopen (filename, mode);

omou filename TO OvOopa TOU apxeiou mou meplexel ta dedopéva (x,y,z) kKot mode Eva

ouvolAo emloywv (r, w, r+, w+, a+). NMpodavwg, yla £va apxeio CSV mpog «avolypa» n deUTepn

TIAPAPETPOG odelleL va elval «ry».

"r" |read: Open file for input operations. The file must exist.

write: Create an empty file for output operations. If a file with the same name already exists, its
contents are discarded and the file is treated as a new empty file.

append: Open file for output at the end of a file. Output operations always write data at the end
"a" |of the file, expanding it. Repositioning operations (fseek, fsetpos, rewind) are ignored. The file is
created if it does not exist.
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"r+" [read/update: Open a file for update (both for input and output). The file must exist.

write/update: Create an empty file and open it for update (both for input and output). If a file
"w+"|with the same name already exists its contents are discarded and the file is treated as a new
empty file.

append/update: Open a file for update (both for input and output) with all output operations
,lwriting data at the end of the file. Repositioning operations (fseek, fsetpos, rewind) affects the
next input operations, but output operations move the position back to the end of file. The file is
created if it does not exist.

o

21N ouvéxeld, adou To apxelo KATAOTEL «avolxto» amod tnv fopen ta dedopéva autd
TPETEL VO AVAYyWOTOUV HE TN Xprnon aAAng ouvaptnong, tng £scanf. H fscanf €xeL v

okoAouBn ouvtaén:

int fscanf (FILE * stream, const char * format, ... );

omou FILE TO Ovopa Tou apxeiou mou avoixdnke pe tnv fopen kal stream €vag Seiktng
(pointer) mou npoodlopilel amod mouv Ba avayvwotouy ta dedouéva, evw to format amotelel
oAdaplBuntiko (string) mou meplypddel mwg Oa avripeTwniotolv Ta e€ayopeva Sedopéva ano

TO apxeio.

ITN OUVEXELD, TO TIEPLEXOUEVO TOU apPXELOU UMOPEL va UETATPANEL OE CUVTETAYUEVEG
EVTOC TOU UTIOAOYLOTLKOU XWwpou Tou GEANT4 e tn xprion Suvapikwy mvakwy. Kat' apxdg, évag
nivakag (array) otnv C++ €ivat pa cuAdoyn TLHwv A HeTaBANTWY. To TAEOVEKTNUA QUTAC TNG
Soung dedbopévwy eival otl SLadopETIKEG TIUEG (OUVTETAYUEVES KOl UPOUETPA EV TIPOKELUEVW)
UMOPOUV va avayvwploToUv HE Xpnon Touldxwotov evog Oeiktn (subscript). M.x., €vag

povodldotatog nivakag cuvtacoetal otn C++ wg e€Nc:

Int per [] = {48, 88, 34, 23, 96};

‘Evag mivakag (pin) 30 otolxeiwv Ba oplotel wg pin[30], Hue MpwTo TO otolkelo pe deiktn

undév, uag kat to undév Aoyiletat wg aplOudg otn C++. Elval emiong Sduvatd va
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KATAOKEUAOTOUV Tivakeg Suo (2D) 1 kal meplocotepwy Slaotacswy. MN.x 0To HUAAS pag Evag
2D mivakag amoteAeital ano ypaupES Kal oTAAEC, pe KaBe otolyeio va mpoadlopiletal amnod duo
Selkteg avtiotoya. Itnv WAVIKA TEPUMTWON TOU Ta oTolxelo mou tov amaptilouv eival ta

1,2,3,4 o Tumikog KwdLkag apyLkomoinong nivaka 2D (2 x 4) eivat o akoAoubog:

# define rows 4
# define cols 2
int main ()
{
int pin[rows] [cols];
int i,3;
for (1i=0; i1 < rows; 1i++)
for (3=0; j< cols; J++)
{ use pin[i][§] ; }
return 0;

Y€ aUTA TNV Mepimtwon n Sepd e TNV onola mpoomeAauvovTal Ta oTolxela eival n:

(ortojy, frorrxy, fijror, fiiftii, rtz2jfoj, r[21f111, [31[00], [31[1]

Qotoo0, n apxlkomoinaon evog ivaka oth YeVLKA Tou popdn Sivetal amo to €€ng mapadetlypa:

Int stud[4][2] = {
{1234, 56},
{1212, 33},
{1434, 80},
{1312, 78},

}i

Ot x,y,z Kataxwpnoelg oto apxeio .TXT (f .CSV) petatpémnovtal o€ TPELG 2 X V TIVOKEG
OToU V 0 apLBuoC Twv pixel, pe KABe Tivaka va TEPLEXEL TNV TETAYUEVN, TNV TETUNHUEVN KOL TO
upopuetpo kabe pixel. OL mivakeg autol pmopouv va cuvbuactolv os popdn pointer wote va
npokVPouv ta davuopata B€ong yla kabe voxel, evw endpevog pointer oe kabBe B€on mou

npoodlopiletal and to avriotolyo Stavuopa «upwvely voxels otabBepnig opllovtiag SLATOUAG
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oA\d SladopeTtikwy UVPOUETPWY, OMWG auUTA Umodelkvuovtal amd to Yndlakd HovtéAo

ebadoug.

Y& autnVv gpyaocia uloBetnBnkav ol mapandvw Souéc dedouévwy Kal evowpatwoOnkav
otov kwéika tou GEANT4 oUtwg wote va auvtopatornolnBel n Siadkaocia déunong Ing
VEWUETPLOG YeEWAOYIKWY OOUWV MPECOH OTOV  UTIOAOYLOTIKO TOU  XWPO. AkoAoUBwg,
neplypadovtal ta nnyaio dedopéva mou xpnolponolidnkav Kabwe Kal ol UETOTPOTEG OTOV
UTTOAOYLOTIKO KWwoLka o StatiBetal otnv eAéubepn €kdoor Tou pe oTOXO TNV ocuvtagn evog
KWOLKO TTOU VO QUTOUQTOTIOLEL TNV KOATOOKEUN TNG YEWMETPLOC €VOC HOVTEAOU YEWAOVYIKAG
S0ounNGg oTov UTIOAOYLOTIKO Xwpo Tou GEANT4, kablotwvtag W auto tov tpomno to GEANT4 mio

«PAKO» O0TNV TPooouoiwan pLoypadlkwy SLACKOTI)GEWV.
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5.2. [TH'AIA AEAOMENA KAI £YNOEZH '’EQAOT'TKOY MONTEAOY

To Pnolako poviého edadoug (DTM) mou avanapaotddnke oto GEANT4 eival to EU-
DEM (Ew. 5.5), To omolo eival tumou raster (GeoTIFF) kat eivat uBpldiko, dnhadni ouvbualel
debopéva tng dopudopikng amoctoAng SRTM (Shuttle Radar Topography Mission) kat tng
arnootoAg ASTER (Advanced Spaceborne Thermal Emission and Reflection Radiometer) pe

XwpLKN avaAuon (6nAadn péyebog pixel) ta 25 m.

Ewk. 5.5. To uBptdiko (EU-DEM: ASTER & SRTM) DTM rtou xpnotlomoLjBnKe yLa thV KATAOKEU YEWUETPILAC OTO
GEANTA4.

MNa tnv napovoa edpappoyn oto GEANT4 erAéxBnke to Pnodlako povtélo edadoug Tou
noawoteiov ™G Nwovpou. Ta vnowtikd noaiotela Tou Alyaiou (owg eAloxevouv
vewduvaulkoug Kwvduvoug otnv eupltepn Tmepoxn (Vougioukalakis and Fytikas, 2005).

Ewdikotepa, 10 ndaioteto tng Niwovpou oto NA Awaio amoteAel HEPOG TOU EAANVLKOU
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ndalotelakol tOfou Kal eeppdyn yla tedeutaia ¢opd to 1888 uX. H mapapodpdwon tou
noalotelakolL vnolou eival ev e€eliel e€attiag Tng SpAaong pnyHATwY oTNV eUPUTEPN TEPLOXN
tou NA Awyaiou, 6mwc anodelkvUouV CUUPBOAOUETPLKEG ETPAOELG KOl LETPNOELG e GPS (Lagios
et al., 2005). Zuvenwg, n Niocupog amoteAel unoPndla Béon ywa Sie€aywyn ploypadikwv

SlaokomoewV 0To MAALoLo TNG MPOANYNG YewkLvdUVWYV oto Alyaio.
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5.3. ANAOEQPHZH KQAIKA £TO GEANT4 I'lA KATAXKEYH I'EQAOT'IKHY AOMHZX

2to MNAPAPTHMA mapouctdletal o avoBewpnuévog KwOLKOC yla TNV KOTOOKEUN
yewHeTpiag oto GEANT4, pe «Soutko AiBo» ta opBoywvia tapalinAemnineda voxels, n ouvtagn
TOU ormolou otnpixbnke ota MAEOVEKTLATA TIOU TIPOCPEPEL N XPON SUVAULKWY TIVAKWY, OTIWG
€€nynOnke mponyouuévwe. Mapatnpwvtog Tov avabswpnuévo Kwdilka ou cuvtaxbnke oto
mAaiolo autig g epyaciag, xpnouonowdnkav oL cuvaptioels tng C++ fopen kat fscanf,
oL omoleg «avoiyouv» Kat «Stafalouv» to apxeio pe Ta raster dsdopéva avrtiotola. Itn
OUVEXELD, 0TO OeuTepPO TAALOLO €l0dyeTal o pointer gdkostaspin[100000], o omoiog
opilel To dlavuopa B€ong tou kKABe voxel MalPVOVTAC CUVTETAYUEVEC ATIO TPEIC 2 X 2 TIVAKEC
TIOU avtAoUV dedopéva amo To MPONYOUEVWE AVOLYUEVO apxelo raster. AuoTUXwG, TO €UPOC
(range) Twv mwvakwv Sev pmopel va oploTel e popdr HeTaBAnTig otov kKwdika Tou GEANT4. To
GEANT4 eival dnuiloupynuévo oe maila €kdoon tng C (iso C) evw n SO0UNON YEWUETPLOG LE TIG
npodlaypadeg mou avadépovtal o€ authi TV gpyacia amattolv petaBAntég (variables) otn
B£0on Tou range KATL TTOU ETUITUYXAVETAL OO UETAYEVEOTEPEG £KOOOELG. H xprion HeTafAnTwvV
otn B€on tou range sudavilel povipa segmentation faults katd to compiling yla tnv tpéxovoa
€kdoon tou GEANTA4. MNa to Adyo autd avtl yla PeTaPANTEC OoTO range avateOnke €vag ToAU

HeEYAAog akepalog (100000).

ITn ouvExela, opiletal To dtavuopa Béong kabe voxel péow evog pointer mou TeEPLEXEL
NV KABe ouvtetaypévn (X,y,z) UTo ™ popdn 2 x 2 vakwv (cords [qg] [n], n=1,2,3).
To tpito otdadlo avabétel oe kaBe voxel tnv tpitn didotaon (tomoypadikd vPoueTpo Tou pixel)
yla koBoplopévn oplloviia Statopn (265 x 256 m). Adou kabe voxel AaBel tov KatdAAnAo
«Aoylkd oyko» (logical volume) Ba «tomoBetnbeil» (placement) péoa OTOV UTTOAOYLOTIKO XWPO
Tou GEANTA4. Edpooov o kwdikag yivel compiled, to amotéAeopa tn¢ mapanavw Stadkaociog

elval auto nou daivetal otnv Ewk. 5.3.
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exampleBl

Ewk. 5.6. H yewuetpia Tou yewAoyikoU LoVTEAOU Tou neaioteiou tn¢ NIoUpoOU UECA OTO UTTOAOYLOTIKO XWPO TOU
GEANT4, KOTOOKEUOUEVN LE TNV QUTOTOLNUEVN OSladikaoio TIOU TEPLYPAPETAL O QUTH TNV epyacia. 2To
OUYKEKPLUEVO MOPASELYUN TO YEWAOYLKO LOVTEAOD ELVOL KATAKOPUQPX SLOYKWUEVO OE OXEDH UE TNV MPAYUATIKOTNTA
yla avadelén twv Tonoypa@ikwy SLOKUUAVOEWV.
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KE®AAAIO 6: XYMIIEPAXMATA

Auti n epyacio ePLYpAdEL TIC EUTIELPIEG TTOU ATTOKOUABNKAV KATA TNV Tpoomabela
Sle€aywyng poypadlkng €peuvag oe BEoeLg yewAoylkoU evdladEpovTog oTov EAANVIKO XWPO.
310 MAailolo autng TnG €peuvag Sle€nxbnoav TG00 MelpAUATA 000 Kal HovTeAomoinon tng
yYewAoyLKAG Soung yla mpooopolwoel Monte Carlo otnv mAatdpopua GEANT4. H emefepyaoia
NG OPVNTIKAG €lKOVOC Tou Kataypadnke ot efeldikeupéva  ploypadikd ¢ Tou
napacxEOnkav amno to INFN neputAéxBnke Wdlaitepa and tnv UTIOAELMOUEVN KOOULKN 600N otV
omola eiyov eKTeOel MAPATETAUEVA KATA TO XPOVIKO SLACTNUO TNG ArmoBKEVOHE TOUG KL Tipiv
NV €kBeon) toug oto medio. H BoAdTnTa 0TNV ELKOVA TIOU TIPOKAAECE N TIAPATETAUEVN EKOEON
kaBlotd to Adyo orpoatoc-6opuBou auénuévo, duoxepaivovtag Tov alyoplBuo va avoyvwpiost
TPOXLEG Hloviwy Tou Kataypadnkav KoTd tnv £€KOeon amo Ta AMOTUNMWHATA CWHATSWY TTou
enédpaocav oto AU poNnNyoupEVwG. Emavainyn tng Stadikaoiag tng €kBeong Kal avaluong

poypadlkwv QKL aVOPEVETOL VA TTAPAYEL T ETLBUUNTA amoTteAEoUATA.

Ano v aA\n, eumopikd GAp (Iford) mou umoBAnOnkav oe €kBeon poall pe T
poypadlkd mopouctdlovial w¢ N OLKOVOULKOTEPN €VOAAOKTIKH €mAoyr) otnv pwoypadia.
Qoto0o0, N avamodeUKTA TAPATETAUEVN £KOEOT) TOUC OTNV KOUOLKN 800N 6ev BeATIWVEL TIg

ETSO0ELG TOUG WG TIPOG TA pLloypadikd ou Sokiudaotnkay tapaAAnAa.

Itnv KatevBuvon TNG Mpooopoiwaong, N gpyacia auTr EMIXEPNOE VO KATACTHOEL TNV
mAatdopua mpooopoiwong Twv aAAnAemibpdocewv UANG-aktvoBoAiag GEANT4 mio «dlAki»
yia T poadloypadio yewAoykwv Sopwv, autopatonmowwviag tn Swadlkaoia elooywyng
toroypadkwv SeS0UEVWV OTOV UTIOAOYLOTIKO XwpPo tou GEANT4 pe elcaywyr) otov Kwdika
KATAAANAWV cuvaptioewVv Kal Sopég dedopévwy tne yAwoooag C++. Me xprion ouvapTioEwy
avayvwong apxelwv raster kal pointers, Ta oTolela Twv omoiwv ivat SuvapLkol mivakeg, €ywve
duvath N AUTOMATN KATAOKEUN TNG YEWUETPLOG OUVOETWY YEWAOYLKWY SOUWVY, EV TIPOKELUEVW

tou ndatoteiouv ™¢ Nioupou.
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KAelvovtag, ival okomipo va avadelxBbet yia aAAn pla popd n cupBoAn tng poypadiog
otnv mpoAnyn yewkvduvwv. MapatnprioeLls 0€ MPAYUATIKO XpOVo €Xouv Selfel OTL N yewWAOYLIKN
Spaoctnplotnta péoa ot éva ndaiotelo eival PETPAOLUN HE Hoypadia akopa Kal Tpw n
Spaotnplotnta AdaBet emupavelokn ekdnAwon (m.x. €kpnén, ékxuon AdPag k.a.). Evoeifelg yia
SLOKUPAVOELG TNG PONG TNG KOOULKAG aKTVOPROALOG 0 TNAEOKOTLA HLOVIWV KaTA Tn SLApKELa
KLVAOEWV Maypatog (r.x. Tanaka et al., 2009; Olah et al., 2019), udpoBepuikng Spdcong kat AAAa
OXETIKA datvopeva mpodpopa plag €kpnéng (Jourde et al., 2016) avoiyouv tn duvatotnta yla
HOVIUN Kol Slapkr) TapakoAouBnon evepywv ndaloteiwv, OXL HOVO yld  QULYWE
VEWETILOTNHUOVLKN €pgUVA AAAQ KaL YLa TNV EKTIUNGCN TOU YewAoyLlKoU KIvdUvVou oTo MAaiolo g

TIOALTIKAG TTPOOTAOLAG.
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ITAPAPTHMA

#include "B1DetectorConstruction.hh"
#include "G4RunManager.hh"
#include "G4NistManager.hh"
#include "G4Box.hh"

#include "G4Cons.hh"

#include "G40rb.hh"

#include "G4Sphere.hh"
#include "G4Trd.hh"

#include "G4LogicalVolume.hh"
#include "G4PVPlacement.hh"
#include "G4SystemOfUnits.hh"

B1DetectorConstruction::B1DetectorConstruction()
: G4VUserDetectorConstruction(),
fScoringVolume(0)

{}

B1DetectorConstruction::~B1DetectorConstruction()

{}

G4VPhysicalVolume* B1DetectorConstruction::Construct()

{

double din_zoom =100; // 1000 gives seg fault
double din_world=1.2*0.5; //

double din_solidEnv=0.5; //

double din_factor =0.5 * m;

// Get nist material manager
G4NistManager* nist = G4NistManager::Instance();

// Envelope parameters

G4double env_sizeX = din_zoom * m;

G4double env_sizeY = din_zoom * m;

G4double env_sizeZ = din_zoom * m;

G4Material* env_mat = nist->FindOrBuildMaterial("G4_AIR");

// Option to switch on/off checking of volumes overlaps
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G4bool checkOverlaps = true;

// World

G4double world_sizeX = din_world * env_sizeX;
G4double world_sizeY = din_world * env_sizeY;
G4double world_sizeZ = din_world * env_sizeZ;

G4Material* world_mat = nist->FindOrBuildMaterial("G4_AIR");

G4Box* solidWorld =
new G4Box("World", //its name
world_sizeX, world_sizeY, world_sizez); //its size

G4LogicalVolume* logicWorld =
new G4LogicalVolume(solidWorld, //its solid
world_mat, //its material
"World"); //its name

G4VPhysicalVolume™ physWorld =

new G4PVPlacement(O, //no rotation
G4ThreeVector(), //at(0,0,0)
logicWorld, //its logical volume
"World", //its name
0, //its mother volume
false, //no boolean operation
0, //copy number

checkOverlaps); //overlaps checking
// Envelope
G4Box* solidEnv =
new G4Box("Envelope", //its name

din_solidEnv * env_sizeX, din_solidEnv * env_sizeY, din_solidEnv * env_sizeZ); //its size

G4logicalVolume* logicEnv =

new G4LogicalVolume(solidEnv, //its solid
env_mat, //its material
"Envelope"); //its name
new G4PVPlacement(O, //no rotation
G4ThreeVector(), //at (0,0,0)
logicEnv, //its logical volume
"Envelope", //its name

logicWorld, //its mother volume
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false, //no boolean operation

0, //copy number

checkOverlaps); //overlaps checking
// Material

G4Material* shapel_mat = nist->FindOrBuildMaterial("G4_Si02");
G4Material* shape2_mat = nist->FindOrBuildMaterial("G4_ Si02");

// Positions {x,z,y}
double coords[20000][3] ;
intcentr=0;
FILE *myfile;
double myvariable;
myfile = fopen("without--faults--din.txt", "r");
while ( fscanf(myfile, "%If", &myvariable) == 1)
{
coords[cntr][0] = myvariable ;
fscanf(myfile, "%lIf", &myvariable) ;
coords[cntr][1] = myvariable ;
fscanf(myfile, "%If", &myvariable) ;
coords[cntr][2] = myvariable ;
cntr ++;
}
fclose(myfile);
printf("========\n %d \n========\n\n\n", cntr) ;

// Positions {x,z,y}

double coords2[20000][3] ;

intcntr2=0;

FILE *myfile2;

double myvariable2;

myfile2 = fopen("faults--din.txt", "r");

while ( fscanf(myfile2, "%If", &myvariable2) == 1)

{
coords2[cntr2][0] = myvariable2 ;
fscanf(myfile2, "%lIf", &myvariable2) ;
coords2[cntr2][1] = myvariable2 ;
fscanf(myfile2, "%lIf", &myvariable2) ;
coords2[cntr2][2] = myvariable2 ;
cntr2 ++;

}
fclose(myfile2);
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printf(":::::::: \n %d \n::::::::\n"’ cntr‘Z) ;

const int ktiria = cntr ;
const int ktiria2 = cntr2 ;

G4ThreeVector g4dinpin[20000] ;
G4ThreeVector g4dinpin2[20000] ;

for (int qq =0 ; qq < ktiria ; qg++)
{
g4dinpin[qq] = G4ThreeVector(coords[qq][0]*din_factor, coords[qq][2]*din_factor,

coords[gq][1]*din_factor);
}

for (int qq =0 ; qq < ktiria2 ; qq++)
{
g4dinpin2[qq] = G4ThreeVector(coords2[qq][0]*din_factor, coords2[qq][2]*din_factor,

coords2[qq][1]*din_factor);
}

// Solids {x,z,y}
G4Box* g4boxdinpin[20000] ;

for (int qq = 0 ; qq < ktiria ; qg++)
{
g4dboxdinpin[qq] = new G4Box("shapel", 264.7694687499970314/2*m, coords[qq][2]/2*m,

255.6635133333348904/2*m);
}

G4Box* gdboxdinpin2[20000] ;

for (int qq =0 ; qq < ktiria2 ; qg++)

{
g4dboxdinpin2[gqq] = new G4Box("shape2", 264.7694687499970314/2*m,

coords2[qq][2]/2*m, 255.6635133333348904/2*m);
}

// logical volumes
G4LogicalVolume* g4dlogicaldinpin[20000] ;

for (int gqq =0 ; qq < ktiria ; gg++)
{
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gdlogicaldinpin[qq] = new G4LogicalVolume(g4boxdinpin[gq], shapel_mat, "Shapel");
}

G4LogicalVolume* gdlogicaldinpin2[20000] ;

for (int qq =0 ; qq < ktiria2 ; qg++)
{
gdlogicaldinpin2[gq] = new G4LogicalVolume(g4boxdinpin2[qq], shape2_mat, "Shape2");

}

// Placements

for (int gg = 0 ; qq < ktiria ; qq++)
{

new G4PVPlacement(0, g4dinpin[qq], g4logicaldinpin[gq], "Shapel", logicEnv, false,
0,checkOverlaps);

}

for (int gqq =0 qq < ktiria2 ; qq++)
{

new G4PVPlacement(0, g4dinpin2[qq], g4logicaldinpin2[qq], "Shape2", logicEnv, false,
0,checkOverlaps);

}

//always return the physical World
return physWorld;

}

//G4ThreeVector posl = GAThreeVector(coords[0][0]*din_factor, coords[0][1]*din_factor,
coords[0][2]*din_factor);

//G4ThreeVector pos2 = GAThreeVector(coords[1][0]*din_factor, coords[1][1]*din_factor,
coords[1][2]*din_factor);

// G4Box* shapelBox = new G4Box("shapel", 25/2*m, 50/2*m, 25/2*m);
// G4Box* shape2Box = new G4Box("shape2", 3.65*m, 100/2*m, 25/2*m);

// G4LogicalVolume* logicShapel = new G4LogicalVolume(shapelBox, shapel_mat, "Shapel");
// G4LogicalVolume* logicShape2 = new G4LogicalVolume(shape2Box, shapel_mat, "Shapel");
// new G4PVPlacement(0, posl, logicShapel, "Shapel", logicEnv, false, 0,checkOverlaps);

// new G4PVPlacement(0, pos2, logicShape2, "Shape2", logicEnv, false, 0,checkOverlaps);

// Set Shapel as scoring volume

// fScoringVolume = logicShapel;





