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ENERQETIC ALM'HA TRANSIMORT IN A MAGNETIZED FUSION TARGET

R. C. Kukpamrick
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ABSTRACT

Magnatized targot (usion (MTF) proomaos (0 caso
the powor and iswsnsity requiroments for a fumoa
driver. High goin MTF Largets require fusion
ignkion 10 occur in the magnetized fuel.
ignation requises the onergy deposited by the
chargod fusion reaction products 10 excood thal
lon from the plasma by a varioty of loes
mochanisma. We have usod maglo particle
uacking dwough a mugnesrod plasma 10 Obtain
preliminary reg:lis on the DT alpha panicle
deposiion as a function of the placma pR and

AR for a yniflorm sphencmly symmetne vilume

with 6 waiform B, magnatic ficld Moo
complicaied plawma densaly, iompersiore, and
field diswrihutions can be handied by dhe cade,
including 2-D dlaributions. but the efficiency of
thes appeoach makes oxtenaive calCulatams
smpractical. A moro officient apfrusch = nooded,
paruculaly for use ia dynamic calculaiions
However, paructe racking 15 uscfil fur obluning
wlormaion for busldasg moro acuunsie muilels of
s depv=atipn for use in wurvoy codes

] INTRODUCTION

In mme 1945 | o9 Alamurt foctres Ranan
Fermi cited the work done by Lasdsholl
concerming 8 method of eeducusy thernmal
crmnbicton in @ dowier.om plaams Ry imfuwing
8 wfflciently wving magacuc ficld paratlel w a
wall, thermel yungaat 0 tho wall could he
impusled At low denaily the encrgy kina from
the devterium-ntiom (DT) plasms i an nequal
urilinement lusion (KF) irged it dhanboaied by
elecirmn thenmgl comiyction’, 0 thal nisghets-
thermul inaubston con gremly acilisais fusian in
2 ke devmity DT plassia. Sime then Widnes
repuin] eleiom heum exproiments a Saudls
Natumal [ alnwgiory uuing sk e-balkant
nanaie] o Use ammale ', @nd Lislrnuth ad
Wiknr nule 3 dewilod analyils with te
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compaiatiosal wols svailahle st wat Ume “.
Swoony sad Farmswanh proposed caag
magnotized DT as & contral ignuior for a cold fucl
layer in an olecwon- or ion-beam wrpot 1 aclueve
high gain ?. More roocnily rescarchors at the All-
Russian Scienufic Instiute for Esporimental
Physics (VNITEF) roponiod on a puised powar
cxpesimont (which they refer w as MAGO) shat
crosied a magnained DT plassa *. &
woniisicmly provides significast neutron ylelds
n tho procoss of headng and magaatizing the
plasma. No compression oxperinents have been

dawne,

The above cxperimens are all cxamples of
whal we now call magneuzod warget (usion
(MTF) . Magaauzed unges fuske (MTF) relies
0A  magnetic fleld in roduco the clocimon thormal
wonductivity of a DT plasma and o pastally vap
the DV fusion alphes, s0 Ul ignition may OvCur
ot Jreatly redinod valucs of pR. hel vnly when
thee vaalstt af the flel) temas rulun pariwesct RR
w greany than ahaowt O 3 MGem

Whiie siuch iof the physics fie MTT ix
avuilabls 1n exmng ICF cunles, mmee bl
Phyocx is nocded anl sfer of the exlaing
fhysaca capahdiues aoad u be re-formualael
rumerically 0 improve the clliciency fur
calclpimg MTE argear The paeniche irnchang
pevscnind wr this pagxr 1v 0 fira otem]d b orest
DT sl paartel I Wnmgn ot e mougamicly, bot
oo e efliciontly

I ANALYTICRI-SUL TS

Vo b+ o of « sy shiprundiend W) elecinms
wnly (QEALE m - b, ™) Da Parcitl obtalned an
analytic or il for the & excunibm of 8 DT aljha
pacthe 18 e & TecnnmagenOuus Auaghctizad plavna *
We hawe ¢ rendesd [ Paett © waul b the cau of
vocrgy Jegmmicd t both cle tivms B ki
Aldwiggh heamapliic I1I€ sulyin it-ulis



connecting tme €. distance uaveked s, snd
parucic energy E are very weiul for megranng
the equanons that descnbe the DT alpha
wajoczones. For dhe casc of a B, field,
displacement alor.g tho ficld fiecadn clanges the
duocnon of the fickd, leading to very complacazcg
mouon or raycczary. Wihule the trzjectory of a
sngle DT alpha in 2 prescribed field is
mieresLag. we noad the net DT alpha cnergy
Jeposition due W the compendiva of all DT
alpha majectones thinagh the DT plasma.
Decgues the snalytic task seensad vory Jaunting.
we resonicd 1 & numcracal approsch,

Ul ALPHA DEPOSITION CODE

A fzw ycars agd wo winis a spls code o
iy DT slpha encrgy deposition in @
magncuzed plasna. It was basod om some wark
by Lovehag fur clectron slowmng only * The
carly cylindncal veruos for B » B, was
excasivaly madified w geacralize i for more
avnplax wrgets. This c.xdc wacks the very
complea uajecioncs of tho alphas. hulaung the
cnargy dipawied aloag the padh.

Cach saociory is followed by doeg & fournth
unler Runge-Kulla snicgration of the cyuaions of
uniion. Relauvisic cffocts aro ignored. Alsc.
w{ have st ancmpied to address Be nucicas
alicnng componc ¥ Alior oach swop along
the taktary a chouk is mals 63 soc o the alpha
has e e thermal velaciny or left the DT
plime  If 50 the tajectony is wmuasod. 1o
the 350 Of B=g) e resalts with this £030 arc in
rcaconahle agroeme. wiuh Cvars’ carlicr results
for alpha rangcs in an ununagnetand DT plasma
" §uorthe casc of  vamshingly small plasiea
Saimiy Ui sl OF G710 fASGE L Rl 2
shkilc 027.m Wa 1MQ ficld

Thre anly 2 intcg atod moaull. tho Traciloeal
dhejmnitha ia Ut DT planma Jue W all parudics
bt i thal wolunic is peescRLad, Indd the sanut
wonh wlTh e8 0 ot Jhstrubwathons of te enirgy
aposithm G any Spcuiflod plasang and magncu.
Thid Jdicuilauthont

U MAIN REASULL

D1 alpha oncrly lepoualion i
ronalwrdd Iy 3 prrong magmous ekl Jud Lo
e reanssl padh lenyth st of mutt folkye L
caaane e targct plrrss Digure - 1 3l 2 stwo-

the fracuonal deposmon (sveraged over volume
ani] angie) in a bomogeneons magnetized plasma
with an aranuthal ficld B, . with Badr= Btz
= (). The smportani parameier for enhancement is
the ficid unucs radius product BR for e target.
where R is the target radius. For BR =03
MGam, nouceable enhancemeat i evidend, far
BK > 0.6 MGcm. sigruficant enhanccnent
socuss.and BR > 50 MGan gready iniicescs
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FNigure i Jracuonal doeeiisa o a
hamogenoous 3~Kov magnoluznd plauna with an
azimuttal ficld for vanous valucs of pR

Ligwe ! IHwuonal Scpodnen in a
Rearingrnemn 100 Kev magmenseal plawmd well ui
azsanaatlsl bl o vaSbous salucy . pH



Figures 1 and 2 are samples of intcgrased resubis,
tho mean fracuonal deponuon intcgrated over
acgle and volume. These results are presensed
as se1s of curves of fractional dcposiuon as a
function of BR, cach curve for a differcmt mgot
PR, and each set is for a different plasma aleciron
tompuralure. We have assumod that the slectron
and o wemperaluns aro eque! Computations
hecome tedious for small OR and large BR, »0
that annther approach is nooded.

The msulis ohtainad here are not subject w0
statlstics, 83 would be the cas® for Mont Carlo.
They wre obtawrnd by applying angular and
volume weighis 10 a regular sot of sarting
directions snd posibons. Therefore, while
derermningsuc. there are questions of accunxy und
sensilividy 10 the sel of angles and positions
chosen. Weusnda 6 x6 gnd and 216
direcions  Adminadly, the gred is crude, but
ssccersive grid refinaments did iwil yield any
siguific ant differerces u recalza
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