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Euyopiotisg

H ouyxexpyevn dimiouatixy epyaota extoviinxe oTo EpYasTAplo Tou

(LILP.E.T.E.A.) tou EKE®E ‘AHMOKPITOY’, oe cuvepyooio ye ) Xyol| Egop-
woouévey Madnuotxady xouw Puoxey Enetnudy (SEMPE) tou Edvixol MetadBlou
Holuteyvelou (EMII). Me tv ohoxifpwor tng, Yo Hleha vor euyapto tiom ethixpvd

6c0u¢ Borinoay xar otiplay TNy TpooTdlela auTY| TOV TEAEUTAO YEOVO.

Oa fdeha, apyxd, vo evyaplotiow Ty Enixoven Kodnyrteie EMII Moatprn Aad,
TOV PE EUTIOTEVTNXE XU PE CUOTNOE OTN oudda olVTNENG Tou Anudxpltou. Xwplc T
oudfohy Tng 1 ouopen mepiodoc oto LILP.E.T.E.A. xau n yvopuyio uouv ye 6ho to
a&LOAOYO EMOTNHOVIXG Suvoxd Tou, Tavag va uny elye ouuPel. Buyaplot enlong
tov Kadnynty) EMII Muydin Koxxopen, tny Opdtiun Kodnyrteta EMIT Polo Zdvvr-
Bloaotol xaw 6hn tny opdda Hupnvixic Puoinric tne YEMOE yia to e€apetind »hiua
ouvepyaociog Tou €youy dnuovpyrioet. H akinienidpaon pali Toug ue Boryinoe va épiiew
O€ ETUQT) YE OLAPOEA XOUMATIOL TNG TUENVIXAC PUOLXAC ot Vo BEATIOOW Tov TEOTO

oxédng Uov.

Ogethw to peyarbTepo evyaplote Ohwy oty EgeuvAtoia I tou IIIPETEA tou

EKE®E ‘AHMOKPITOY’, Ocodopa Bacthonobiou, xadog ywelc Tnv TEpdo Tl UTO-
otheln xou opéptotn Bordetd tne, 1 epyacio auty 6 Yo unopoloe vo vhoroinlel. At
NV TEWTN TN UE éxave va awo¥dvouar 6Tl Peloxouar ot €va oxelo xon ac@aiéc
Tepi3dhhov, 0To onolo Umop® vor avamTOEe TG OXEPELS Xt TOUS TEOBANUATIONOUS O
ywelc vrpont|. To xhipa cuvepyasiag xal GUVABEAPXOTNTAC TOU BNUOLEYNOE, AAAY
XOL 1) CUUTIORACTUOT) XL 1) XATAVONOY TOU E0EIEE AVEANTOC, oo xou yior Vépota
eXTOC TV TAActwy TNe epyaocioug, NToy TEAYUXTH TOU EXTUNCA XoL TOU EXAVOY TIC
0OPES 0TOV ANUOXEITO axOUaL TO EVY PO TES Xou OnulovpYixés. Extog and eConpetinn
EMOTAUOVOC, Elvor xou €vac PoPepdc dvipntog mou Eeywpeilel and TNV TEMTN O TIYUY.
‘Eva ueydho euyaplo e xou Teog Ty untéhotny oudda tou epyactrneiou Tou IITPETEA.
Me unodeytnxay eyxdedLa xaL HEcK o AYOUS HOALG UAVES PTOPM VO Tt TG TEOXELTOL

oYL LOVO Yiot OTIOUBLOUC ETUG TAOVES, ARG XOl YLl UTEQOYOUS avip®dToug.

Téhog, Yo Hdeha var euyapLOTHOW amd ®EOLES TOUS BoUE LoU ovlp®TOUC, OXOYEVELY
xou plAoug, Tou amoTéEAECUY GTAPLYUN O OAN aUTH TNV TpooTdleia, o xadévag ue Tov
Te6TO Tou. TTEUEVAY OAY) TN YEOVLE VoL UE OXOUY YOl OPES VoL AW Yol PAOLEVEQY S
lootona, mpocopowoelc Monte Carlo xou evepydtnreg, xdvovtag e va vitde Tokd

TUYEPOG TIOU TOUG EYW.
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Hepirndgn

H nopoldoo dimhwupatixt| epyoacio amoTeAEl Uia OAOXANEWUEVT] UEAETT OYETIXS UE TOV
YAUROXTNELOUO UAXGY Tou axTvofolfinxay atov avtidpas thea cbvinéne Joint Euro-
pean Torus (JET), tou Hvwuévou Baouielou, e€etdlovtog and padlohoyixr) oxomid tnv
XATUAANAOTNTE TOUG WG Bouxd xou AElToLEYIXd cucTutixd oTov avudpacthpa ITER.
H pehétn emxevtp®dveTtal 0TOV EVIOTIOUS TV QUBIEVERY(Y LOOTOTWY OE XAUE LALXO %ot
OTN PETENOT TWV EMTEDWY EVERYOTNTAC Toug. Tao und €oeuva LA axtivoBohidnxay
oto JET 710 2021 xotd tn Oudpxeia hettovpylag ue mnyr mhdouatog Teitlou-Toettiou
(T-T) xo Aeuteplov-Tettiou (D-T).

Ou petpoeigc tng axtvoforioc-y meayuaTtoToinxay 610 EPYACTARLO PUCUUTOOKO-

mlac-y Tou IHIPETEA ue yerion aviyveuty| unepxoopol yepuaviou upniic anddoong
(GEMB80). It tov o3 umohoyloud NS EVEQYOTNTOC, EPUOUOCTNXIAY GTO UTOTE-
AEOUATA TOV PETPAOEWY XUATIAANAOL GUVTEAEGTES OLOPUMONG. LUYXEXQWEVA, O XWOL-
xac MCNPS yenowwormoiinxe yia tn 016p0wor Tou pouvouévou NS auToumopeOPNoNS
TV axtivwv-y péoa otov dyxo Tou xdie Belypatog, evd to medypouua TrueCoinc
Yenowomotinxe yio TN Slopdwor Tou PUUVOUEVOU TNG TEUYUTIXAS CUUTTWONG, Olo-

ogarilovtog TNy o&loTo Tio TV ATOTEAEOUATOV.

Extoc and tny Twr g evepyoTNTaC, YENOWOTOIWMVTOS TNV T e udlag toug, u-
TohoYIoTNXE oL 1) WY EVERYOTNTA TV LA®Y. Kot yla Tic duo mocdtnteg €ytve
VALY WYT] YEOVIXE OTO TENOG TNE TEPLOOOL aXTIVOBOANCTC, HOTE VoL UTOREL Vol UTAREEL

€vol UETPO GUYXELONG UETAED TOV OELYUSTWY.

To anoteréopoata NG UEAETNG CLUPBAANOLY OTNY XATAVOYOT) TNG CUUTEQLPORAS XAl TNG
AmOB0CTC AUTOY TOV VAXGY U€ca ot €vay avTidpac thea civining, Bonddvioc otny
a&LOAOY O™ XAl ETAOY T XUATIAANAWY UALXDY, OGO TO BUVITOV YOUUNAGTERTC EVEQYOTOLN-
O™NG XAl UE UNOEVIXEG 1) TEQLOPLOPEVES TTOGOTNTES LOXQPOPBLOY LOOTOTWY, Yol LEANOVTIXES
EQUPUOYEC OTOV Topéa NS TupNVixhc cuvIngne. Emmiéoy, o amoteréopato authc Tng
otmhwpatixfc epyaotac unoypopupiCouy 0 onuacio Tou €yel 1 OANOXANEWUEVT UENETN
TWY QUVOUEVKY X0l TURUUETEWY TOU ETNEEGLOLY T1) SLadLxascior TG Y-QacuaTooxoTiog,
wote va eaocpauileton 1 axpBric pétenong tng evepyotnrag. Ta evpruata tng épeuvoag
ToEEY 0LV TOAUTIUY TANPOoYopla, GUUBAAAOVTAC TNV TEOODO TNG EMCTAUNG TG TV

VXS PUOLXTC XL OTNY OVATTUET aIOTIO TWY X0l BLOCUGY TEYVOAOYLOY GUVTNETC.

AéEeic KAewdrd: Thxd ovvinéneg, JET, ITER, gacpatooxornio-y, mpoodloplouog

EVERYOTNTUG, CUVTEAEOTES BLoplwoTg.



Abstract

Aim of the present study is the radiological characterization of materials that are
expected to be used as structural or functional components in the ITER fusion re-
actor. The study focuses on the identification of radioactive isotopes in each sample
and the determination of their activity levels. The studied materials were irradi-
ated in 2021 at the Joint European Torus (JET) in UK, during its operations with
Tritium-Tritium (T-T) and Deuterium-Tritium (D-T) plasma.

Gamma spectrometry measurements were performed at the INRASTES spectrom-
etry lab using a high purity germanium detector (GEMS80). In order to achieve
accurate activity determination, appropriate correction factors were applied on the
spectrometry results to account for the e [edts of true-coincidence summing and self-
attenuation of photons within the sample volume. In particular, the MCNP5 code
was used to calculate the correction factor for self-absorption of photons, while the
TrueCoinc program was used to provide true coincidence correction factors for all
isotopes and energies of interest.

Based on the corrected spectrometry results, the total induced activity as well as
the specific activity was determined for each sample. Both quantities were corrected
for the decay and determined at the end of the irradiation, so that there could be a
comparison between the dierent samples.

The results obtained contribute to the understanding of the radiological performance
of these materials inside a fusion reactor, allowing the evaluation and selection of
suitable materials (low activation and without long-lived isotopes) for future ap-
plications in the field of nuclear fusion. Moreover, they highlight the importance
of accurate activity determination, taking into account all parameters and e [edts
that influence gamma spectrometry measurements. Finally, the findings of this work
provide valuable information, contributing to the advancement of nuclear physics
science and the development of reliable and sustainable fusion energy technologies.

Keywords: Fusion materials, JET, ITER, gamma spectroscopy, activity determi-
nation, correction factors.
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1 Eisagwg

1.1 Skopic

Meéqri to teloc thc treqousac dekaetbac, anameénetai h olokl rwsh thc kataskeu c

kai h énarxh thc leitourgbac tou megalOterou meéqri stigm ¢ antidrast ra purhni-

k ¢ sOnthxhc, tou antidrast ra ITER. Se mia egkat"stash purhnikoO antidrast ra,
exeqousac shmasbac z thma apoteleb h energopobhsh twn ulik,n api ta opoba apote-
lebtai 0 antidrast rac. Gia ligouc aktinoprostasbac kai asf’leiac tou ereunhtikoO
proswpikoO, all* kai gia ligouc diageBrishc twn radienerg,n kataloBpwn met” to
pérac thc leitourgbac tou antidrast ra, ebnai shmantiki na melethjeb h epbdrash thc
aktinobolPac sta ulik™ aut” kai na prosdioristoOn ta epPpeda energitht"c touc met®

api thn ekjes touc se netrinia.

Skopic thc sugkekriméenhc diplwmatik ¢ ergasbac ebnai h meleth kai o radiologikic
garakthrismic ulik.n pou égoun meg’lo endiaféron gia thn tegnologba sOnthxhc.
Prikeitai gia ulik™ pou @qoun dh grhsimopoihjeD ja grhsimopoihjoOn wc domik™
/kai leitourgik™ sustatik™ ston antidrast ra ITER kai ebnai gnwst™ wdTER
materials. Ta ulik™ aut™ éqoun kataskeuasteb b“sei sugkekriménwn prodiagraf,n
gia th sOstash kai tic idiithtéc touc, kaj,c ePnai epijumht h gamhl energopobhs
touc kai h iso to dunatin gamhliterh periektikitht™ touc se prosmbxeic pou mporeb na
odhg soun se isitopa me meg’lo grino hmizw c. Met™ thn aktinobilhs touc ston
antidrast ra sOnthxhc Joint European Torus (JET) pou brBsketai sto Hnwmeéno
Basbleio, ta debgmata metr jhkan se kat'llhlec diat"xeic g-fasmatoskopbac.

Ta upi meléth debgmata parasgéjhkan sthn Om“da SOnthxhc tou EKEFE DHMO-
KRITOS, sta plabsia thc summetoq ¢ thc sto ereunhtiki érgo ACT (Activation
measurements for ITER material & data validation- Metr seic energithtac gia

ulik® ITER kai epikOrwsh dedoménwn). Stigoc tou sugkekriménou érgou ebnai h e-
ktelesh peiram’twn gia th meléth twn ulik,n pou grhsimopoioOntai sthn kataskeu

twn kOriwn exarthm™twn sto eswteriki tou tokamak tou ITER, kaj.c kai gia thn
epikOrwsh kwdbkwn kai dedoménwn pou grhsimopoioOntai sthn purhnik an’lush tou
ITER.

An"mesa sta di“fora peir'mata pou, sgedi"sthkan kai ulopoi jhkan sto JET, i-
diabterhc shmasbac ebnai aut™ pou pragmatopoi jhkan kat™ th di"rkeia thc leitour-
gbac tou me phg pl’smatoc Deuterbou-TritBixT) (JET experimental campaign
DTE?2), kaj,c epeteOgjh ro netronBwn enérgeiad4M eV, epoménwec kai aktinobilh-
sh twn deigm”twn upi ro netronbwn sugkrbsimh me aut pou ja up'rgei SIOER .



1.2 Dom thc ergasbac

H ergasPa ePnai qwrisménh se okt, kef'laia. Met™ thn parousPash tou skopoO (Ke-
f'laio 1), akoloujeb mia anafor” sth jermopurhnik sOnthxh (Kef'laio 2), dbnontac
emfash sto perib’llon sto opobo mporeb na sumbeb, parousizontac tic basikiterec
antidr’seic sOnthxhc, kaj,c kai ta pleonekt mata thc paragwg ¢ enérgeiac api th
sugkekriménh purhnik antbdrash. ‘Amesh sgesh me ta peiramatik™ debgmata thc er-
gasbac eqoun oi antidrast redoint European Torus (JET) kai International Ther-
monuclear Experimental Reactor (ITER) stouc opobouc gbnetai mia mikr anafor”
sqetik™ me ton skopi kai th leitourgba touc. Sth sunégeia, gbnetai anafor™ sto fai-
nimeno thc netronik ¢ energopobhshc (Kef'laio 3) kai ston tripo allhlepbdrashc
twn netronBwn kai twn fwtonBwn me thn Olh. Sta epimena kef’laia, perigr-fetai h
diadikasba aktinobilhshc twn deigm™twn ston antidrast raJET (Kef'laio 4) kai oi

metr seic pou éginan sto ergast rio g-fasmatoskopobac, sto IPRETEA tou EKE-

FE DHMOKRITOS (Kef'laio 5). Sto 60 Kef'laio parousi“zetai o upologismic

thc energithtac twn deigm™twn kai twn antDstoiqwn sfalm”twn. AfoO gBnei mia sOno-
yh twn telik,n apotelesm™twn kai suz thsh ep' aut,n (Kef'laio 7), anaférontai

k"poia sumper“smata kai k"poiec prooptikec thc melethc (Kef'laio 8). Teloc, pa-
ratbjetai h bibliografba pou grhsimopoi jhke kaj,c kai orisména parart mata pou
perilamb™noun epipleon plhroforba, thn epex ghsh twn aparabthtwn majhmatik n
sgésewn kai ta pistopoihtik™ twn phg,n.



2 Jermopurhnik SOnthxh

2.1 To peribillon thc sOnthxhc

H jermopurhnik sOnthxh ePnai h basik diergasba paragwg ¢ enérgeiac ston lio
kai sta “stra, kurbwc me th metatrop udroginou se lio. Pio sugkekrimeéena, to
udrogino ktw api polO uyhléc jermokrasPec kai isquréc piéseic metatrépetai api
aerio se pl"'sma, sto opobo ta arnhtik™ fortismeéna hlektrinia diagwrbzontai api touc
jetik” fortisménouc pur nec. 'Etsi oi pur nec érgontai se polO kontin apistash, me
apotelesma h elktik purhnik dOnamh na upernik” to frigmaCoulombthc apwstik ¢
hlektrostatik ¢ dOnamhc kai oi pur nec na sunt kontai apeleujer nontac shmantik”
pos” energeiac. Ousiastik™, prikeitai gia thn antbjeth diadikasba se sgésh me thn
purhnik sqsh, kat™ thn opoba sumbabnei di"spash enic baréwc atomikoO pur na se
dOo jraOsmata perbpou Pshc m°zac, pou sunodeQetai api apeleujérwsh enérgeiac.

Sgma 1l Sq'sh vsSOnthxh [1]

Oi duo autéc purhnikec diadikasbec, eqoun stigo thn dhmiourgba pur nwn pou parou-
si"zoun megisth stajerithta sthn perioq gOrw api ton maziki arijmi A=60, ipwc
anadeiknOei kai to Sq ma 2. Akolouj,ntac antbjetec diadromeéc sto gr'fhma, sth
sq"sh énac barOc pur nac qwrbzetai dhmiourg, ntac jraOsmata me mazikoOc arijmoQOc
gOrw api to A=60, en, antbjeta, sth sOnthxh, elafrOteroi pur nec, sundu”zontai

gia na sghmatbsoun énan barOtero pur na. Tiso h diergasPa thc sq“shc iso kai
aut thc sOnthxhc stogeOoun sth dhmiourgba pur nwn me th meégisth stajerithta,
sumbllontac se pio energeiak™ eunodkec antidr’seic kai uyhliterec energeiakéc
apodiseic [2].



Sgma 2  Enérgeia SOndeshc an™ noukleinio sunart sei tou MazikoO ArijmoO [3]

Sth Gh, h epbteuxh sunjhk,n sOnthxhc ePnai éna dOskolo eggePbrhma. H élleiyh twn
ter’stiwn barutik,n dun"mewn pou dhmiourgoOn sta astéria tic kat'llhlec sun-

j kec sOnthxhc, prépei na antikatastajeD me jermokrasPec thc t'xhc twn ekatommu-
rbwn bajm n Kelsbou. Se autéc tic jermokrasbec kai upi stajer pbesh, ta isitopa

tou udroginou metabaPnoun se kat'stash pl"'smatoc, thn apokaloOmenh kai tétarth
kat'stash thc Olhc , dhlad &na mBgma jetik™ kai arnhtik” fortisménwn swmatidBwn
(Sg ma 3).

Sgma 3  Oi katastseic thc Olhc [4]

Sta peir'mata kai tic diat"xeic purhnik ¢ sOnthxhc, shmantiki rilo &gei h dhmiourgba
kai h sugkr'thsh tou pl"smatoc. Me b"sh to kritrio ~ Lawson|[2], gia na epiteuqjeb
kajari energeiaki kérdoc se énan antidrast ra sOnthxhc, ja prépei na ikanopoiebtai
h akiloujh sgésh:

n 107%=m* (1)
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H sqésh (1) parousi“zei to el"gisto anagkabo ginimeno thc puknithtac iintwn(n)

kai tou grinou periorismoO tou pl"'smatoc (t). 'Oso uyhliterh h puknithta pl"sma-

toc h di‘rkeia diat rhs c tou se arket™ uyhl jermokrasba qwrbc meg~lec ap,leiec
enérgeiac, tiso pio pijani ePnai to endegimeno na sumboOn antidr’seic sOnthxhc me-
taxO twn swmatidBwn tou kausBmou. To krit tiawsongrhsimeOei we kateujunt ria
gramm gia touc ereunhtéc kai touc mhganikoOc sOnthxhc gia th dhmiourgba apotele-
smatik,n antidrast rwn, ikan,n na par'xoun kajari pleinasma energeiac.

Oi duo kuriiterec mejodoi periorismoO tou pl"'smatoc se énan purhniki antidrast ra
ebnai o magnhtikic kai o adraneiakic periorismic.

Ston magnhtiki periorismi, gbnetai qr sh isqur,n magnhtik,n pedbwn gia ton pe-
riorismi tou pl"smatoc. O basikic stigoc ebnai h apofug thc epaf ¢ tou pl"sma-

toc me ta toig,mata tou antidrast ra, k'ti pou ja mporoOse na epiférei ap,leia
jermithtac kai apostajeropobhs tou. H pio apotelesmatik gewmetrba ebnai h to-
roeid c (toroidal), se sq ma ntinat, sthn opobPa dhmiourgebtai magnhtiki pedbo me
dunamikéc grammec pou akoloujoOn speiroeid trogi”~ ste na perioristeD to pl'sma.

Oi duo basikiterec morféc antidrast rwn tétoiou tOpou ePnai tastellarators kai ta
tokamaks

To stellarator epino jhke api ton Lyman Spitzerto 1951, sto Ergast rio Fusik ¢

PI’'smatoc tou Princeton. Qrhsimopoi ntac mia arket” sOnjeth gewmetrba strim-
ménwn phnbwn, oi magnhtikec grammec par“gontai api mia seir” phnbwn me elikoeidec
sq ma (Sq ma 4). Tastellarators prosferoun uyhl stajerithta pl"smatoc kai pa-

reqoun th dunatithta gia stajer kai suneq leitourgba, all” h perbplokh fusik

touc diamirfwsh kajist™ thn kataskeu touc arket™ dOskolh. Shmebo anafor’c a-

poteleD o antidrast rac Wendelstein 7-Xpou brBsketai sto InstitoOto Max Planck,

sth Germanba [5].

Sgma 4 SqgedbashStellarator [6]
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To tokamak (toroidalnya kamera ee magnetnaya katushkamagnhtikic j"lamoc se

sq ma tirou) sgedi’sthke to 1951 api touc SobietikoOc fusikoOc Andrei Sakharov

kai Igor Tamm. Se énaokamak, to magnhtiki pedbo dhmiourgebtai api enan kat’llhlo
sunduasmi miac seir"c phnBwn omoiimorfa topojethménwn gOrw api ton antidrast ra
se sq ma daktulPou kai api éna sOsthma orizintiwn phnBwn éxw api autin, en, sto
kentro brbsketai mia hlektromagnhtik balbbBda (Sq ma 5). Mikrec diataragec sth
leitourgbPa touc mporoOn na dhmiourg soun ap,leiec energeiakoO periorismoO, pro-
kal,ntac meg’lec jermikéc kai mhganikec katapon seic sth dom kai sta toig, mata

tou antidrast ra. Up rxan pr,imec duskolbec me ton sgediasmi touc, itan ta pei-
r‘rmata édeixan iti ta hlektrik” fortisména swmatBbdia, kaj.c kinoOntan kat™ m koc

twn gramm_n tou magnhtikoO pedPou, parasérnontan katakirufa qtup, ntac stouc to-
DBqgouc kai telik™ g nontan. Auti to priblhma epilOjhke me thn diogéteush hlektrikoO
reOmatoc mésa sto pl°sma, dhmiourg, ntac éna prisjeto magnhtiki pedbo k’jeto sto
reOma. Wc apotélesma, ta swmatBdia kinoOntai se mia trisdi"stath kampOlh paraméno-
ntac mésa ston daktOlio. H sgedbagbkamak kuriargeP ston kismo thc sOnthxhc,
afoO jewrebtai to pio poll” uposgimeno sqgédio kai h éreuna sunegbzetai se di*fora
tokamaks se ilo ton kismo [5].

Sqgma 5 SqedbashTokamak [7]
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Stic diat"xeic sOnthxhc adraneiakoO periorismoO, désmec Igizer iintwn esti“zontai

me meg’lh akrbbeia se éna mikri sfairbdio diamétrou IBgwn giliost,n, pou periéqei ka-
Osimo sOnthxhc (Sq ma 6), tupik™ @na meBgma Deuterbou kai Tritbou. H enérgeia pou
prosféretai sto sfairbdio, odhgeb to kaOsimo se akraPec jermokrasPec kai piéseic,
purodot, ntac antidr’seic sOnthxhc. Sugkekriména, to exwteriki str,ma tou ulikoO

ekr gnutai dhmiourg,ntac éna metwpo sumpbeshc pou kinebtai proc ton pur na tou
kausbmou, o opoboc mporeb na sumpiesteb se gbliec forec thn puknitht” tou se ugr
morf , me apotélesma na prokOyoun sunj kec sOnthxhc. H enérgeia pou apeleuje-
r.netai jermabnei to perib’llon kaOsimo, to opoBo mporeb epPshc na uposteb sOnthxh
pou odhgeb se alusidwt antbdrash, gnwst wc an“flexiignition) . Ta peir'mata
adraneiakoO periorismoO stogeOoun sth beltistopoPhsh twn tegnik,n ékrhxhc kai

sth meléth thc sumperifor’c tou pl"smatoc upi akrabec sunj kec, me stigo thn
epbteuxh autosunthroOmenwn antidr’sewn sOnthxhc gia paragwg enérgeiac.

To National Ignition Facility (NIF) sto Ejniki Ergastrio  Lawrence Livermore
sthn Kalifirnia twn HPA ePnai mia meg’lh ereunhtik suskeu sOnthxhc adraneiakoO
periorismoO pou basbzetai se |gizer. Esti"zei 192 isquréc aktbnec |éizer se énan mikri
stigo se IPga disekatommuriost™ tou deuteroleptou, paréqontac p'nw api2MJ
enérgeiac kab0OT W meégisthc isqgOoc [5].

Sgma 6 KaOsimo AdraneiakoO PeriorismoO [8]
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2.1.1 Basikéc antidr'seic

Oi antidr’seic sOnthxhc, basBzontai kurbwc se duo isitopa tou udrogingdH),

to Deutério (?H  2D) kai to Trbtio ((°H  3T). To Deutério apotelebtai api éna
prwtinio kai éna netrinio, en, to Trbtio api éna prwtinio kai duo netrinia. To
Deutério sunant’tai sto jalassini neri se analogba 30g=n?¥, sunep,c ePnai praktik”
“fjono, en, to Trbtio ePnai radienergi kai mporeD na paragje® mésw tou bombardismoO
lijPou (°Li) me netrinia (), dhlad mésw thc antbdrashc:

®Li+ n! “He(2:05MeV) + 3T(2:05MeV)+ n+ Q=17:6 MeV (1)

Se énan antidrast ra eleggimenhc purhnik ¢ sOnthxhc, h antBdrash pou protim™tai
ebnai aut metaxO tou Deuterbou kai tou TritbauT), exaitbac thc meg’lhc apeleu-
jérwshc enérgeiac, kaj.c kai ligw thc uyhliterhc energoO diatom ¢ se sgésh me
tic upiloipec antidr’seic.

2D+ 3T 1 “He3:52MeV) + n(14:06MeV) + Q = 17:6MeV  (2)

Sugn” grhsimopoioOntai epbshc oi antidr’seic DeuterbDou-Deuter@®d), oi opo-
bec imwc apeleujer,noun shmantik™ ligiterh energeia kai eqoun perbpou 100 foréc
mikriterh energi diatom se sgesh me tic antidr'seic Deuterbou-TritbqiD-T) .

D+ 2D! 3He(0:82MeV) + n(2:45MeV) + Q = 3:3MeV  (3)
2D+ 2D ! 3T(1:.01MeV) + p(3:02MeV) + Q = 4:0MeV  (4)

AxDzei na anaferjoOn kai duo ligitero pijanéc antidr’seic pou ePnai (-He) kai
(T-T).

2D+ 3He! “He+ p+ Q=18:35MeV (5)
T+°T! “He+2n+ Q=11:33MeV (6)

14



2.1.2 Ta pleonekt mata kai h anagkaiithta thc sOnthxhc

H purhnik sOnthxh mporeD na éqgei poll” pleonekt mata wc pijan phg enérgeiac.
Argik”, sto kommti thc energeiak ¢ apidoshc, oi antidr'seic sOnthxhc apeleuje-
r.noun shmantik™ megalOterh posithta enérgeiac se sgésh me “llec phgéc ipwc ta
orukt” kaOsima h purhnik sqg’sh. Ektic autoO, énac antidrast rac sOnthxhc, den
ja epib’rune to peribllon prokal ntac epipléon atmosfairik rOpansh, kaj.c den
ekpémpontai aéria tou jermokhpbou, en, ta radienerg” apiblhta, me kOrio to Trbtio,
egoun polO mikritero grino hmizw ¢ se sqésh me ta antbstoiga thc purhnik ¢ sqshc,
kajist,ntac eukoliterh th diagebris touc.

Ta kaOsima pou grhsimopoioOntai sth sOnthxh brBskontai praktik™ se afjonPa sth
Gh, afoO to Deutério sunant’tai sto jalassini neri, en, to Trbtio mporeP na para-

gjeb api to Ibjio, pou ePnai “fjono sto édafoc. EpPshc, énac antidrast rac sOnthxhc

&gei meiwmeéno kbnduno dhmiourgbac katastrofikoO purhnikoO atug matoc ligw ane-
xélegktwn antidr'sewn, afoO oi antidr'seic sOnthxhc apaitoOn akribeDc sunj kec

gia th leitourgba touc kai an oi sunj kec diataragjoOn, h antbdrash stamat™ kai o
antidrast rac sb nei .

Par” tic shmantikéc tegnikéc prokl seic pou prépei na xeperastoOn gia thn epBteuxh
praktik ¢ enérgeiac sOnthxhc, aut” ta pleonekt mata thn kajistoOn wc mia exairetik”
epijumht kai poll” uposgimenh phg enérgeiac gia to méllon, pou ja mporoOse na
ferei epan”stash ston tomea thc enérgeiac.

Pr gmati, h kataskeu mon“dwn paragwg c enérgeiac mésw purhnik ¢ sOnthxhc mpo-
reb na egei shmantiki antbktupo sthn anjrwpithta, tiso api thn “poyh thc energeia-

k c asf’leiac se sunduasmi me th biwsimithta kai tic an"gkec tou diark,c auxanime-
nou pagkismiou plhjusmoO, iso kai api thn “poyh thc katapolémhshc thc klimatik ¢
allag ¢ me th shmantik mebwsh twn apotupwm™twn “njraka sthn atmisfaira [9].
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2.2 O antidrast rac sOnthxhc JET

O antidrast rac Joint European Torus en suntomb3ET, apoteleD to megalOte-

ro peBrama magnhtikoO periorismoO pl’smatoc kai &na api ta pr,ta kai basikitera

b mata proc th dhmiourgba enic ergostasbou paragwg ¢ enérgeiac mesw purhnik ¢
sOnthxhc. EPnai se leitourgba api to 1983, sthn Oxfirdh tou Hnwménou BasilePou
kai egei sumb’lei shmantik™ sthn priodo kai thn katanihsh thc sumperifor'c tou
pl"smatoc se sunj kec parapl siec me autec pou ja up'rgoun se enan purhniki
stajmi sOnthxhc. To JET ePnai to megalOtertokamak ston kismo kai kat” th
leitourgba tou grhsimopoiebtai wc kaOsimo Deuti) kai Trbtio (T) axiopoi,ntac
kurbwc tic antidr'seicD-D & D-T (bl. enithta 2.1.1), en, egei gbnei kai to monadiki,
meqri s mera, peBrama me antidr'seic TritBou-Tritgew) [10].

Sgma 7 Grafik apeikinish tou antidrastra  JET [11]
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2.3 O antidrast rac sOnthxhc ITER

O antidrast rac International Thermonuclear Experimental Reactoy en suntomba
ITER (sta latinik® shmabnei o drimoc  to monopti ), apoteleb to epimeno b ma
proc thn kataskeu enic ergostasbou paragwg c hlektrik ¢ enérgeiac mésw thc pu-
rhnik ¢ sOnthxhc. Brbsketai upi kataskeu sto Cadarachethc nitiac GallDac kai
-met” thn olokl rws tou- anameénetai na ePnai o megalOteroc kai isquriteroc anti-
drast rac sOnthxhc pou éqei leitourg sei méqri s mera. Oi stiqoi tou ITER ePnai
h diat rhsh twn sunjhk,n sOnthxhc me pl°’sma DeuterDou-TritboD-T, h paragwg
500MW isqOoc sOnthxhc entic tou pl"smatoc, epitugg nontac dekapl’sia apidosh
isgOoc me isqO jérmanshc eisid@iOMW , h paragwg TritBou (ritium breeding)
kai telik” h epbdeixh oloklhrwvménhc leitourgbac twn diafirwn tegnologi,n pou a-
paitoOntai gia mia mon“da paragwg ¢ enérgeiac sOnthxhc, kaj,c kai h diasf’lish thc
asf’leiac thc suskeu ¢ sOnthxhc, me émfash sthn epBdeixh eléggou stic antidr’seic
sOnthxhc me tautigronh elagistopobhsh twn periballontik,n epipt,sewn [12].

Sgma 8 Grafik apeikinish tou antidrastra ITER [13]
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3 Netronik Energopobhsh

3.1 Teqnik

H An’lush me Netronik Energopobhsh (ANE) ebnai mia méjodoc gia ton poiotiki

kai posotiki prosdiorismi twn stoigePwn enic debgmatoc. Basbzetai sth métrhsh thc
garakthristik ¢ aktinobolPac-g pou ekpémpetai api touc radienergoOc pur nec pou
sghmatbzontai met” thn aktinobilhsh twn upi meléth deigm™twn me netrinia. Oi die-
germénoi pur nec apodiegebrontai ekpémpontac garakthristikec aktbnec-g, oi opobec
mporoOn na anigneujoOn kai na grhsimopoihjoOn gia ton prosdiorismi twn stoigePwn
pou up’rqoun sto debgma. H tautopobhsh twn radienerg,n isotipwn tou debgmatoc
gbnetai mésw thc an’lushc twn fasm™wn pou lamb™nontai me qr sh kat'llhlwn
anigneutik n diat"xewn.

H ANE melet jhke api ton brabeuméno me Nimpdbeorge de Hevesy1885-1966),

en, ergazitan me th Hilde Levi (1909 2003) sto InstitoOto Jewrhtik ¢ Fusik ¢

Niels Bohr, sthn Kopegq“gh kai dhmosieOthke gia pr,th for” to 1936. Sth diadika-

sba thc ANE, to debgma topojetebtai se énan purhniki antidrast ra opoiod pote
“llo pedbo netronbwn kai bombardbzetai me netrinia. Ta netrinia sullamb”nontai api
stoigeba tou debgmatoc me apotelesma thn paragwg astaj,n radienerg,n isotipwn
(radionouklbdia). Pio sugkekriména, ta netrinia allhlepidroOn me ton pur na-stiqo
mésw miac mh elastik ¢ sOgkroushc kai sghmatbzetai énac sOnjetoc pur nac se die-
germénh kat’stash. H enérgeia diégershc tou sOnjetou pur na g'netai sgedin a-
kariaba, kaj,c apodiegebretai se mia pio stajer kat'stash, mesw ekpomp ¢ miac
perissiterwn garakthristik,n aktbnwn-g. To debgma topojetebtai se kat'llhlh ani-
gneutik ditaxh, sun jwc basisménh se anigneut germanbou uyhl ¢ kajarithtac,

pou katagr-fei tic aktbnec-g pou ekpempontai. Oi enérgeiec aut,n twn aktbnwn-g ebnai
sugkekriménec gia ena dedomeno radienergi isitopo, sunep,c mesw aut,n tautopoio-
Ontai ta isitopa tou debgmatoc kai prosdiorbDzetai poiotik™ h sOstas tou. Api ton
arijmi twn aktbnwn-g pou katagr-fontai we kroOseic sthn anigneutik di“taxh mporep

na prosdioristeD kai h posotik sOstash tou deBgmatoc [14-16].
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Sgma9 Sghmatik anapar'stash thc An“lushc me Netronik Energopobhsh [17]

EPnai shmantiki na tonisteb iti h diadikasPa pou perigr-fetai parap™nw egei mh kata-
strofiki garakt ra, epitrepontac thn an”lush twn upi meléth deigm™twn wc éqoun,

gwrbc na alloiwjeb h sOstas touc, ligw the dieisdutik ¢ fOshc twn prospBptontwn
netronBwn kai twn aktBnwn-g pou prokOptoun. Wc apotélesma, h an’lush me netroni-
k energopobhsh brbskei efarmog se di“forouc klI"douc, sumperilambanomenhc thc
arqaiologbac, thc diat rhshc thc politistik ¢ klhronomi“c, thc egklhmatologbac kai

thc epist mhc twn ulik n.

3.2 Allhlepbdrash netronBwn me thn Olh

Ta netrinia ebPnai upoatomik™ swmatbdia pou den féroun hlektriki fortbo, kaji-
st .ntac ta hlektrik® oudétera, en, égoun elafr,c megalOterh m“za api ta prw-

tinia. Oi idiithtéc touc kai oi allhlepidr’seic touc me touc atomikoOc pur nec ta
kajistoOn anektbmhta gia th meléth thc dom c thc Olhc, th diereOnhsh twn purhni-
k.n antidr'sewn kai thn katanihsh thc sumperifor'c twn ulik,n K'tw api akrabec

sunj kec. Pio sugkekriména, ta netrinia allhlepidroOn me thn Olh mésw skeédashc,
elastik ¢ anelastik c, all” kai mésw aporrifhshc, pou mporeb na prokalései ek-
pomp fwtonbou, prwtonbou, swmatidbou “Ifa akima kai sq"sh se barebc pur nec.
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Sqgma 10  Allhlepidr'seic netronBwn me thn Olh [18]

Sto shmebo auti, mporeD na oristeD h énnoia thc energoO diatom c. H energic diatom
orbzetai wc h pijanithta na sumbeb éna sugkekriméno sumb™n metaxO enic netronbou
kai enic pur na. H mikroskopik energic diatom (s) ekfr'zei thn pijanithta na

sumbeb mia sugkekriménh allhlepBdrash metaxO enic memonwmeénou swmatidbou  akii-
nobolbac kai enic memonwmeénou pur na stigou, en, h makroskopik energic diatom

(S) ekfr"zei thn pijanithta na sumbeb mia sugkekriménh allhlepPdrash mésa se eénan
makroskopiki igko debgma.

3.3 Allhlepbdrash fwtonBwn me thn Olh

Ta fwtinia ebnai ta jemeli,dh swmatbdia thc met"doshc tou fwtic kai thc hlektro-
magnhtik ¢ aktinobolPac. Sto keni kinoOntai me thn taqOthta tou fwtic, en, mésa
se ulik® h tagOtht” touc all"zei an“loga me th fOsh tou ulikoO. To fwtinio éqei

ditti garakt ra, mporeD na sumperiféretai ebte wec kOma (p.qg. se peir'mata sumbol ¢
kai perbjlashc) ebte wc swmatbdio (p.g. sto fwtohlektriki fainimeno). Oi basikéc
allhlepidr™seic twn fwtonBwn me thn Olh ePnai oi ex ¢ (Sq ma 11):

i. Fwtohlektriki fainimeno: 'Ena fwtinio aporroftai api éna atomiki hle-
ktrinio, K'ti pou odhgeb se ionismi kai apeleujerwsh tou hlektronbou api
to “tomo. To fainimeno auti mporeb na sumbeb mino an to fwtinio éqgei ar-
ket enérgeia gia na upernik sei thn enérgeia sOndeshc kai na afairései to
hlektrinio api to "tomo. H enérgeia tou apeleujerwménou hlektronbou ebnai
h diafor” metaxO thc enérgeiac tou fwtonbBou kai thc enérgeiac sOndeshc tou
hlektronBou me to “tomo.
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ii. Skedash Compton: H skedash Compton sumbabnei itan ena fwtinio uyhl ¢
energeiac allhlepidr” me éna qgalar~ desmeumeéno hlektrinio mesa se éna “tomo.
Kat" th di"rkeia aut ¢ thc diadikasPac, to fwtinio ufbstatai allag kateOjun-
shc kai metaférei meroc thc enérgei’c tou sto hlektrinio.

ii. DBdumh génesh: Ta fwtinia uyhl ¢ enérgeiac, ipwc oi aktbnec-g, mporoOn na
metatréyoun thn enérgei” touc se Olh par"gontac éna zeOgoc hlektronbBou-
pozitronBou sthn perioq enic atomikoO pur na. Gia na paragjeb to zeOgoc, to
fwtinio prépei na égei enérgeia Psh megalOterh afi022 MeV, dhlad di-
pl"sia api thn enérgeia hremPac tou zeOgouc swmatidbou-antiswmatidbou. Gia na
diathrhjeb h orm tou sust matoc, to zeOgoc ekpémpetai sun jwc se antbjetec
kateujOnseic [19].

Sqgma 11 Allhlepbdrash fwtonBwn me thn Olh sunart sei thc enérgei”c touc [20]

Ektic twn tri,n basik, n allhlepidr'sewn pou anaferjhkan parap”nw, ta hlektrinia
allhlepidroOn me thn Olh mésw thc skédaslRayleigh kai thc skédashcThomson

stic opoPec ja gbnei mia xeqwrist sOntomh anafor”, afoO den axiopoioOntai sth
g-fasmatoskopba.
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H skédashRayleigh apoteleb mia diadikasba elastik ¢ skedashc, sthn opoba ta fw-
tinia diaskorpbzontai proc ilec tic kateujOnseic, itan sugkroustoOn me swmatbdia
doméc mikriterec api to m koc kOmatoc tou fwtic.

H skédash Thomson gnwst kai wc klasik skedash elastik skedash fwtic,
anaféeretai sthn allhlepbdrash fwtonbwn me fortisména swmatbdia, sun jwc hle-
ktrinia, sthn opoPa ta fwtinia all"zoun kateOjunsh, gwrbc shmantik allag sthn
energei” touc.

3.3.1 Autoaporrifthsh aktbnwn-g

Sth g-fasmatoskopba, itan melet,ntai debgmata igkou, mia shmantik diirjwsh pou
prepei na efarmosteb ebnai aut gia thn exasjenhsh twn fwtonbwn mésa sto Bdio to
uliki tou debgmatoc, gnwst wec diirjwsh autoaporrifhshc aktbnwn-g (gamma self
attenuation correction). H autoaporrifhsh anaferetai sto fainimeno kat™ to opobo

h ekpempimenh aktinobolba api ena radienergi debgma phg exasjeneb aporrof'tai
meésa ston igko tou debgmatoc thc phg c, K'ti pou sumbabnei ligw twn allhlepi-
dr'sewn metaxO twn fwtonBwn kai twn atimwn morPwn tou ulikoO tou dePBgmatoc.
H puknithta tou deBgmatoc ePnai kajoristikic par"gontac sto fainimeno auti, afoO
megalOterh puknithta ulikoO shmabnei perissiterec allhlepidr'seic twn fwtonBwn

“ra kai megalOterh aporriths touc mésa sto uliki. EpPshc, to fainimeno ePnai pio
entono gia ta fwtinia gamhliterwn energei,n kaj,c aut™ ePnai pijanitero na g"soun

mésa ston igko tou ulikoO ilh thn enérgei” touc kai na aporrofhjoOn se sOgkrish me
fwtinia uyhliterwn energei, n. Praktik™, h autoaporrithsh ephre”zei tic metr seic

kai mporeD na odhg sei se shmantik upoektbmhsh thc metroOmenhc energithtac, an
den Ihfieb upiyin. Gia th diirjwsh twn epipt,sewn tou sugkekrimenou fainomenou,
grei"zetai na efarmosteb kat'llhloc suntelest ¢ diirjwshc, o opoboc mporeb na
upologisteD mésw prosomobwsliente Carlo, ipwc kai égine sthn paroOsa ergasba.

3.3.2 Fainimeno thc pragmatik ¢ sOmptwshc

KlebBnontac auti to kef'laio, ja tan skipimo na analujeb to fainimeno thc pragma-

tik c sOmptwshc, pou afor” isitopa pou ekpémpoun fwtinia se seir”. To sugkekri-
meéno fainimeno emfanDzetai itan dOo perissitera fwtinia ekpémpontai se seir” api
thn Bdia di"spash enic radienergoO nouklidbou kai anigneQontai tautigrona , dhlad
entic tou grinou apikrishc tou anigneut .
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O grinoc metaxO thc ekpomp ¢ twn fwtonPwn exart’tai api th di‘rkeia zw ¢ twn
diegerménwn katast’sewn ston jugatriki pur na kai ePnai sun jwc polO mikriteroc

api ton grino apikrishc gia enan anigneut , pou ebnai thc t"xhc twn mikrodeuterile-

ptwn. Auti égei wc apotélesma, o anigneut ¢ na mhn mporeP na diakrbnei metaxO thc
anbgneushc enic perissiterwn fwtonbwn, na ta blepei wc éna fwtinio me ener-
geia Bsh me to “jroisma twn energei,n twn xeqwrist.n fwtonbwn, epomeénwc na to
katagr-fei se ena kan’li uyhliterhc enérgeiac sto f'sma.

Sto Sq ma 12 fabnontai oi duo ekf'nseic tou sugkekriménou fainomenou gia thn pe-
rbptwsh tou®°Co. Ta dOo fwtinia (enérgeiac 117%eV & 1332keV) pou ekpémpontai

se seir” api to %°Co enapojétoun pl rwec thn enérgei” touc ston anigneut tau-
tigrona, dhmiourg,ntac mia néa koruf sto kan’li pou antistoigeb sto “jroisma twn
energei,n touc (summing in), h opoba den apoteleb pragmatik koruf tou sugke-
krimenou isotipou, me thn ennoia iti den antistoigeb se aktbna-g pou ekpempetai api
auti. Thn Bdia stigm , parathreBtai mePwsh tou embadoO twn fwtokoruf,n sta 1173
keV kai sta 1332keV (summing out), kaj,c ta antbstoiga fwtinia den katagr fhkan

ekeb all” sthn ajroistik koruf , sta 2505  keV [21].

Sgma 12  Fainimeno pragmatik ¢ sOmptwshc gia t€0-60 [22]

Gia thn diirjwsh tou fainomeénou thc pragmatik ¢ sOmptwshc, grhsimopoioOntai di-
“forec mejodoi, mesw twn opoPwn ektim’tai h eéntas tou gia k'je isitopo kai meleto-
Omenh gewmetrba kai upologbzontai katllhloi suntelestéc diirjwshc. Sthn paroOsa
ergasba grhsimopoiebtai to prigramfraieCoinc.
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4  Aktinobolhmena debgmata

4.1 Debgmata

Sta plabsia thc paroOsac ergasbac melet jhkan 21 debgmata, ila touc metallik®
el’'smata (foils) se sq ma dbskou me aktBh8cm kai p"qoc 0:5mm. Sta debgmata
aut” perilamb™nontan 17 deBgmata api ulik” pou grhsimopoioOntai SBER (ITER
materials) kaj,c kai 4 dosimetrik”™ foils (duo nikelbouNi) kai duo kobaltbou Co)
gnwst ¢ sOstashc, pou grhsimopoi jhkan gia ton prosdiorismi thc ro ¢ twn netro-
nbwn kat™ thn aktinobilhsh. Ta debgmata pou melet jhkan anagr-fontai analutik”
ston pbnaka pou akoloujeb, mazb me thn tim thc m“zac kai thc puknitht'c touc, en,
sto Sq ma 13 fabnetai se poia shmeba exart mata tou antidrast 'HER prikeitai

na grhsimopoihjeb to k’je uliki.

Debgma Uliki M°za [g] | Puknithta  [g/ cm?]
Co #1 Co Dosimetry foil 1.1090 8.90
Co #2 Co Dosimetry foil 1.0150 8.90
Ni #1 Ni Dosimetry foil 1.1297 8.90
Ni #2 Ni Dosimetry foil 1.1312 8.90

ITER #1 SS316L(N)-VV plate (Industeel) 0.9224 7.95

ITER #2 SS316L(N)-VV plate (R. Kind) 0.9260 7.95

ITER #3 SS316L(N)-VV plate (Thyssen) 0.9254 7.95

ITER #4 | SS316L(N)-TF radial plate 2500/64, 0.8792 7.95

ITER #5 | SS316L(N)-TF radial plate 2500/68, 0.8895 7.95

ITER #6 | SS316L(N)-TF radial plate 2501/33| 0.5081 7.95

ITER #10 Divertor Alloy 660 0.9214 7.95
ITER #11 Divertor Alloy 660 0.9186 7.95
ITER #14 Divertor W monoblock 0.7086 19.11
ITER #15 Divertor W monoblock 0.7068 19.11
ITER #16 Divertor XM-19 0.9111 7.88
ITER #18 Inconel 718 0.9633 8.17
ITER #19 Eurofer 97-3 0.3568 7.80
ITER #23 In-wall shield SS304L 0.9247 7.95
ITER #24 In-wall shield SS304L 0.9132 7.95
ITER #25 PF Jacket SS316L 0.8896 7.95
ITER #27 Divertor Nadege SS316L 0.9206 7.95

Pbnakac 1. Debgmata pou melet jhkan
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Sgma 13 Jesh ulik,n entic tou antidrast ra ITER

4.2 Aktinobilhsh twn deigm™twn

Ta debgmata pou melet jhkan sthn ergasba aut , aktinobol jhkan ston antidrast ra
sOnthxhcJET stic kamp™niec ampaigng TritBou-Tritbou(TT, C40) kai DeuterDou-
Tritbou (DTE2, C41). Pio sugkekriména, ta debgmata topojet jhkan se kat’lihlo
deigmatoforea ACT holder - Sq ma 14), o opoboc sth suneqgeia eis gjh ston Stajmi
Makroprijesmhc Aktinobilhshc (Long Term Irradiation Station-LTIS) polO kont™
sto plI"sma, ipwc fabnetai kai sta Sq mata 15-16.

Sqgma 14  Deigmatoforéac ACT holder (phg : UKAEA )
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Sgma 15 Jésh ACT holder sto LTIS (phg: UKAEA)
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Sgma 16  Stajmic Makr'c Aktinobilhshc ( LTIS) (phg : UKAEA)

Ta debgmata aktinobol jhkan arqik™ sthn pr,th kai monadik JET T-T campaign

pou égei sumbeD meéqri s mera, h opoba élabe g.ra api ton lanou’rio méqri ton loOlio
tou 2021. Ligw thc jéshc touc polO kont™ sto pl'sma kai epoménwc twn polO
uyhl.n disewn, den tan dunat h apom”krunsh twn deigm™twn prin thn énarxh thc
epimenhc aktinobilhshc. Sunep,c, aktinobol jhkan ek néou sthnD-T campaign pou
akoloOjhse, me énarxh ton AOgousto kai termatismi ton Dekémbrio tou 2021.

O deigmatoforéac me ta aktinobolhména debgmata anakt jhke apiLdS stic 25
Septembrbou 2022, met” to pérac twn draimpaigns(Sq ma 17). Ta debgmata para-
dijhkan sto EKEFE DHMOKRITOS stic 4 Noembrbou 2022.

Sqma 17 ACT holder met” thn aktinobilhsh
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Se iti afor” tic paramétrouc thc aktinobilhshc, oi kOrioi stiqoi thc ~ T-T campaign
tan h diereOnhsh thc sumperiforc tou pl’smatoc me thn parousba TritBou kai h
axiolighsh thc sunolik ¢ apidoshc kai biwsimithtac tou kOklou kausPmou. H mégisth
isqOc pou epeteQgjh kat" th di'rkeia orisménwn peiramatik,n f'sewn tan perBpou
16 MW, en, sthn phg par gihsan 8:52 10' netrinia se sunolik™ 546 palmoQOc.

H D-T campaign (DTEZ2) epikentr jhke sthn epbteuxh pl"smatoc uyhl ¢ apidoshc

me sugkekriménec parametrouc, ipwc h jermokrasba, h puknithta kai o grinoc su-
gkr'thshc. Kat™ th di‘rkei” thc shmei jhke pagkismio rekir apidoshc enérgeiac
sOnthxhc sta59MJ, all” kai rekir sunegimenhc isqOoc sOnthxhc stal0:3 MW kat

meéso iro gia 5 deuterilepta. Sunolik™ par gjhsan sthn phg 85 10 netrinia,

ek twn opoPwn:04 10 par gjhsan stic 21 DekembrbBou 2021, pou tan kai to
meégisto pososti hmer siac apidoshc [23]. AxDzei na shmeiwjeDb pwc h sugkekrimenh
peiramatik ekstrateba ePnai h monadik me ka(Bifcsthn opoba ta toig, mata

ebgan diamorfwjeb kat'llhla ste na moi"zoun me aut” pou ja grhsimopoihjoOn ston
antidrastra ITER.
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5 Metr seic g-fasmatoskopbac

H fasmatoskopba-g grhsimopoiebtai gia thn anbgneush kai katagraf thc aktinobolbac-
g pou ekpémpetai api radienerg” ulik”. Epitrepei thn tautopobhsh kai thn posoti-
kopobhsh twn radionouklidbwn pou up’rqoun se éna deBgma, prosférontac polOti-
mec gn seic gia th fOsh kai th sOnjes tou. Sth fasmatoskopPa-g, h enérgeia twn
prospbptouswn aktbnwn-g metr’tai grhsimopoi,ntac énan kat'llhlo anigneut , ston
opobo enapotbjetai h energeia twn aktbnwn-g pou sth sunéqgeia metatrepetai se h-
lektriki s ma. Pio sugkriména, to apotélesma pou prokOptei api thn anigneutik
di"taxh, pou perilamb”nei ton anigneut aktinobolPac, ta aparabthta hlektronik™ kai
sundu”zetai me kpoio exeidikeumeéno logismiki, ebnai ena f"'sma se morf istogr'm-
matoc pou antiproswpeQOei ton arijmi twn metroOmenwn gegonitwn se k’je epPpedo
enérgeiac (fwtokoruféc). H k'je kroOsh-anbgneush aktbnac-g katagr-fetai se éna
kan’li, tou opobou h enérgeia antistoigeb sthn energeia tou ekpempimenou fwtonbou.
Oi anigneutéc germanbou uyhl ¢ kajarithtac HPGe) grhsimopoioOntai euréwc sth
fasmatoskopba-g ligw thc uyhl ¢ energeiak ¢ an“lushc kai euaisjhsbac touc.

5.1 Anigneutik di“taxh

Gia tic peiramatikec metr seic thc ergasbac grhsimopoi jhke énac omoaxonikic ani-
gneut ¢c germanDdGEMB80) uyhl ¢ kajarithtac  (High Purity) kai apidoshc85% o
opoboc apoteleb hmiagwgi tOpotEqei energeiak diakritik ikanithta ( Full Width

at Half Maximum-FWHM ) Bsh me 1.6@V sta 1332 keV tou %°Co kai ligo fwto-

koruf ¢ proc  Compton (peak to Compton ratio) 93:1. EPnai kataskeuasmeéenoc api
thn etaireD&EG&G ORTEC. O anigneut ¢ sundéetai me dogePo ugroO az_ tbiN?),

.ste na yOqgetai, en, o q,roc tou ergasthrbou brbsketai diark ¢ se jermokrasba pe-
rbpo20° C. EPnai sundedeménoc me éna pl rwc automatopoihméno hlektroniki sOsth-
ma paroq ¢ uyhl ¢ t"shc (2500V), all" kai yhfiopobhshc tou s matoc, analogiki
pro-fBltro, analut Oyouc palm,n, kaj,c kai mPa hlektronik mon“da diirjwshc twn
apwlei_n ligw tou nekroO grinou ( DSPEC—). Ta f’smata sullégontai kai analOo-

ntai api to exeidikeumeno logismikGammaVision—, thc etairebadcG&G ORTEC.

H di‘taxh perilamb™nei epbshc enan deigmatoforea gpexiglass me op kuklik c
diatom c, ,ste na topojetoOntai ta deBgmata. O deigmatoforéac ePnai topojethménoc
p°nw se rgec alouminbou, ,ste na mporeb na metakinebtai gia metr seic se di“forec
apost'seic. Oi r'gec diajetoun 9 diaforetikec jeseic kat™ m koc tou "xona tou ani-
gneut . H pr,th jesh brbsketai se apistash 1 cm api to par’juro tou anigneut ,

en, h teleutaba se apistash 6Gm.
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