31st EPS Conference on Plasma Phys. London, 28 June - 2 July 2004 ECA Vol.28G, P-2.160 (2004)

Preliminary calculations of expected signal levels of a thin Faraday foil lost
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Albstrnct

Thin Fornday collectors ore belsg consdered o o dangmostic of lost nlpha particles oo
ITER. In on eflon to evaheale the saobility of thes dsognosiic. we ame undedakisg o-series of
colvulnizoos of the apnal levels {A'cm) for such devices. Prehmmony nesulls dssaming o
made] high vield ITER plasmo hove been obtnined for locolioms near ilse auter wall nssumang
o [onsdnily symmeeine ymooum vessel. We dind signol levels o be o stroog funcisen of 1oil
lecation aod onienmeion. Specieally the signal level wall be optimezed oi o verbcal locobion
0.5 m nbove the machine mdpione ond wih the nonmnl e ibe foil directed in (bo Fower,
rachally owtward. troidolly counterclockwse cotnnt. A foal thas ceienled 01 a mdiol disionee
af 15 cm from the vessel wall at 2 height of 0.5%3 m above the machme midplone nall have
an_efficiency of 3.5 10" ‘am” for alpha purticles which undergo clussee loss daning the firs
ten revidubioms orouna the tomes dumng thas model plasma. Far the nssaimoed d-8 sson power
of this model plosmea of 414 MW, this caleoluted efficiency will comespond b & mesuned
currend m the Farmday foul of 1.7 pAem®,

Introduction

Tho Intormntionol Thermooucienr Expenmeniol Beactor (ITER) mav otber the
apporumity o investigate sboady-sizte. seli-hentsd or bamma plosmas] 17, The canlinement o
the busicm product oiphe particles (nsm tle det resctions m such plasisns is 2 necessary
condition for thes igniton. We have been mvestigaiing the use of (e Fomdsy foml colleciors
as & insi lost iom dipnaslic fior lagion plasmos by virhee of the copabilily of operation in
rednlsvely hostile tlhermal oed redesioon environments{ X]. Thes concopt has been proposed os o
posmble los alpho disgnostc tor ITER[Z]. The presentwork thus exnmmes this proposal by
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calouloting the expecied sagmol bevels. o wil, the clecine carmend genemled by [ost alphn
paricles which are stopped i@ a thio metsllic fml locobed mear the plosme boundany on ITER.
The fml matenal s detormaned by 1be reguirements ol boing. oble o wilhsiand hagh
tempemiures on reenom chemically men m o hvdmogen otmosphers. Mickel ts the probobly the
best chosce of maienal with 8 meltiog lemperaiore of 150 C. The {0l thickness s
debermmed by the mnge of fusson product slphs particles: the mange of a 3.5 eV alphn
poriicle im Mias T pm [4] A very roagh esiimale of the earrent expecicd cen be abinimed from
ITER s desipn and oporating parameiers. The present ITER design [5] calls for o surbsoo oreo
of 678 m™with 410 MW of d-1 power comrespanding o am alpha particle birth mie of 1.4 107
s [t all of these alpho purticles were umiformby los over the first waoll. there woald bo o (s
of 21 10" alpha [:l.lrll:u:I|53=|:|:11 which womld be a carrent of 4.8 |.|.."'.'|:|:|: im o Wi fmal of
thickness preat tham 7 pm This very rough estimase of the cerrent mduced in the froal sheeld
be compared o the cumrest mduced by neatrons end band gamma mys. The meutrons wall
mduce a carrent prmanty by the muclenr resctiom "'!'-"iln.,p]""E-:l. The flucnos of the protans
awl af ke foil will constituie 0 megsiive carment. The mognitede of this curreni can be
ostimabed given the {ast newtrom flux ot deo Grst wall of {againg 2.1 10" neutrons'cm®_ The
tednl cross secbion {or this reoction of o neutron energy af 14 MeV s o= 08 b = 8.0 b

cm:-|ﬁ|. The number of I.'I!I:I.L‘!iI:I1!-'I,I.'I!1: = &) 15 then
. ST | L — Ll W Lr-ll

Where Mg = B3 10" 5 the number of "N1 nuchei m. far exsmple. s 10 um thick Nickel
foril with on oren of | om® This Hus of nestrons will oorrespond b & negntive current of 0.2
of. The current isduced by hord gmoma revs weould be due to phoioemission and Compion
scalierimg md - well be roughly o {scior of 1{F smoller than e weuiron mduced - carrend
ammaming o flux of bard gmmmo rayvs (up o shoue [0 MoV} compamble 1o thol of the

mEniroms

First Order Calouloticn
The very rough esitmate of alpha particle flux descnibed obove can be improved upos
ihrough the uso of an ocbit tracing code in reverse Bme m which particles ol o ossmed
detecicr locobion are tracked back through the plasmo and the afficvency delermmed from the
assmimed spobnl dependence ol the source strength. The poarbcle flox ond hence the messured

carrend 15 them the product of Use efficiency and the todnl source sirempihe The cede
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OREIT2ES [7)] was nsed 1o do thas colcalation. Thes code reganmes @ model of ibe vessel meer
wall, e mognetic equilibricm, the dependence of the source strength on ibe minor mdais as
well as the size, locabos ond orieninbon of e detector. The cumrent ITER despn provided
the paloidal oross section of the vessel[BE for this caleulobon we assumod a3 torosdally
symmetnio vessel, By virmue af ihis assumphaon, the detecior locobions were necessanly within
the plosma. In filere caleuloboas, & more realistic orcddally asymmeino vessel will bo ased
andd the dolectors will be modebesd m ono of the large diagnostic poris. in the gaps between the
blanked modules or in the rmmediaie shadew of the adjsstable poloidnl limiters. The mogneie
equilbrie mnd-source streogih were t2keén from the rocent review by Bodny|9]. We have
exnmined the efficiency dependence an the mopor mdius, the height sbove the machioe
madplane and tho orienintion of ihe nomaal to the planc of the detecior. In the calculofions the
cirbats were inlegraled vp o o moxamuem . poth lewgil of IO m which typically conesponided
o fon resvalnboms of the vessel. Hlonce the ellicemcies cormespond 10 o ioss st the deteoior at
soane pesnt during the: first ten revelutions. The efficiency indicotes 5 olear moxamum m the
lower.. mdanlly outwurd, toraidolly counterclockwise ocimit. This direction of whach the
etheiency 13 maximized s, indoed, torntous as ot ollows the tol o be shiclded from the
direct Hux of hand x-rays from the plusma and the gracdual sccomuinbon of m-vessel dust
which might evenbanlly alter the effechve thickness of the fol. The vertical dependence of
the efficiency 15 muximom ot nbobt 0% m shove ibe machine midplone of mdaally iwaand
distances al’ 1k and 15 cm trom tbe vessel wall, The mifil dependence decrenses mpidly
townrd the vessel wall As i the very rongh estimole in ibe precedinge section, wo may use
the colouloted efficsency and the assumed kdal source strenglh fr predict the mensuned
carrent im the thim foil, For on elliciency of 3 107* fem’ {15 em trom the vessel wall at
=+ 583 m) ond & souroe sirength of |4 10™ 44 I MW of d-t fosion power) thore wall be
o oarrent ol 1.3 |.1.."'.-'|.'r|::. Apmm thes ks well obove the sob-namodmEpere oormends mduced by
the flux of neutrons and gumma rays nobed above. [1 shoald noled that in a prosotype device
installed m JET dunng thewr d-11 experiment. ibe net ebsoiro-mochonical naise m the fotls was
o the lew nd Jevel] E0]

Conclasion and future caleulntions
The nbove vory simplistic calculobons sugees! e viability ol o iain Famdoy foad lost
olpho particle disgnosic. A binal eveluation most bowever be made on the basis of mare
realistic colcalations 1n which a torosdnbly psymmetne vessel and mogsetsc teld (e pecosmi
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ior TF npple} ts assamed. We expoct io carry out such coloslatians m the near [mhure. We
wish 1o pcknowledge a mimber of very weedul commuaications with George Vivakis, Chnos
Wolker ond Alan Costley of the TTER: home bteam, This work s supposted by 115
Depariment of Energy Conimets DE-ACT2-TGCHGMITI. DE-FGHSSER SV and [DE-

FGR2-IER TS,

E0.
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