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COMPUTATIONAL AND EXPERIMINTAL INVESTIGATION
OF MAGNETIZED TARGET FUSION
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David W_ Scudder, Jack S. Shiachier, sl Fradenck J. Wnsocke
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ARSTRACT

In Mingnctized Target Fusion {MTF), a prehasted aad
magnctizod wrget pla-na s hysrodynamically cnmpressod
w0 fucon condilicns.?  Because tho magueuc ficld
suppresses losses by clecoon thormal conduction wn the
fuel during tho warger implosion heating prucess, the
Sounpresaon may be over a much loager nme scale than in
trdmonal inertial confincmex fanon {(ICF). Bagzger
wrpeu and much jower miaal mrget denrsises than in ICF
<an b used, rod-wang radiative encrgy bosses. Thorcfore,
“lincr-on-plasma™ compressions. driven hy relatively
mexpeasive clectncal pulsed power. may be pracucal.
Potential M1F warget plasmas musl meel mitimum
wmperdure deasay. and magnenc ficld swarung
soundisons. and must reman rianvely froc of hugh-Z
radiauon-cooling-cnhancing contammenis. At Les Alamos
Natial Lalvwseny. compatational asd expenmonual
rcacarch 13 beng purswed o MTF prasmas, such &=
deutcrium-fiber-inusted Z-pinches,” sl 1l Rusian-
angmaicd “MAGO™ plasra,” 1e aldisos, lhacr-on-plasiu
camesuns of such laact plasmss L fuson condiions
arc pemip, computationally modecd. and cxpofimenisl
mvesugausn of such heavy liner implgmiens hac hegen
TV siputay of the 1exeat h will Le eesrnial

In IROLUCTION

Mogpcrizel Tanget Fusm s an appe.ui h 1o coranalicd
funial thas o5 emdhate betwcss: matolc st
and nerus oufinement fusen 1n ime and dentaty CRicy
Ty cotnept hay heen paruesad dApendenlly o Rimata un
MAGQO (MAGaituoye Obshatlyc. or magnenc
.mmsm)"-d-uz 15, * and mvore recendy. a3 &
- CGugenige collnlugynen ¢ Mugrcared gt fusion ners
A paher oalised, agnctizad, probcatred plavma fusl
withia » fi,Gon mrget.  Ihe magnets hokl wupsu. g
Idyyeq by ey e theraal comrlucusn in e fucl Junng te
g omplonion hreate gy pwinZin Rogggeo targeis =il po ch
howss gl Lyt denunes than m K1 Gt e -awral il
owlr deoatel « r6ding tad .t energy beswen Reduozd
10353 pormit roar adiae dn compresasm of v fuc )
F LT T B Ilfl eres, £vmr al ow l‘g I g |l‘_l

umplofion velocines. Im MTY:, the CORVEIRONCE MALIO (Fop
n._)ddlop-sllamq_l-mlmwnlmmq
potentially be los; than 10, depending upoa
tcmperaiure of the foel and the uluuuu:uy ol the
mploson.

An MTF sysiemn requures two clemeats: (1) a
prebesicd and magnouzed tunal “tamor”™ plasms: (27 a
target .on dnver. The wrger piasma for wnk a
sysicn miglt he nearly as amall as a typial ICT wrgctL.
such 85 n the clectron-heam-driven “o-target” 3
expenments (Figuro 1) don: at Sandia Ngtional
Laboratones, or ax Large as the 10-cm-nehus ex
pulsed-pawcr-driven “MAGO™? expenments (Flgure
ongloscd at the All-K'1351an HCICDUIC KESEQACA iB3UmW
of iixperimental Phy_sc (VINIIEF). Bocause U rodaced
encegy homsen in MTF relax e jower and inbcumity
roguuraucnts for an imploson davor. & @-iarget mght bo
dnven w iganaoe by sr clacinon or wn beafn, or laser
systent, fuCh less powerful than that requucd for a
raditsonal ICT- target. Rolatively mmcapcasinvg ciectacal
pulsed power @ dnvo a Lincr-on-plasma imploswn may b
an opumsl drrver scurce for M it Thix couhd olilize e o
fixod pulsed-powes G iliees, unh ox Los Alaruw™ Pegas.
o Allas, of CpluNTe LUuX-GAMBRCy e JCHCI AN, SLh B
Los Alamos™ Ivocyon or the Russaan 200 MJ olass ditk
flux comprernon gencimons = Such energy-reh somn e
ahght allove & derEme-t g of .0 sduten us M1
willand 3 Mip4 Caph'al iNvEwIRent 18 deie 1 ochumk:t.

@ biome

Fyime 1. "E-garget™ A luw oo rgy prepulce arovaded
pichent and meguetiestion: maun retativiktn cledtrom
Vo agn himpleodyod gl €arges
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Figure 2. MAGOQ cylindrical plasma formation chamber taxis of symmetcy at bottom): points A, B, aad T conain
inductive prubes; poiats D and F. indicate chordal Unes of sight for laterteruinciry ard radistiva mensuremiems;
chamber b clectricully conducting, excapt for the Inculator Selow point D.

Magncuze ) target iusion (uces sorc critical 1s55ucs
The inival twget plasma musl mesi min'mam lKMporMure
{~50 ¢V), denaity (boiween 107 and 107 g/em’). and
magnetic field (>50 kQ) requircments. and must have &
Iifeume, adjacent 1o the supporung wall. greater tnan the
rinplewon nme (ypucally several jisey for a puliod-powors
dnvea implosion). Plasma-wall inCracuon Rust i Crcaic
dynamicai cifocs or cacosuve nrodw Bon of unpunncs.
wheth mugld $e-al 10 rapud conling of e flama The gt
plasma must bo roalily wicgiable with drvers tor
cempresson w [asion condinoas

MTI-related re~carc b at T Alamios Natiwal
aboratary (LANL) prescnaly invalvea (wo vaihidato
warg3t plasmas* the Russin-aqaginated MAGO olasma
forrvaon scheme, sid the high- leswy Z-panch. [he
MAGO »ork incladés ongoirg jont US-Rucuaan
cxpcomkemt and thooey Aimca] al docamiung Uhe sautaln'ity
ot the plasma Zreated for MIT campression, and
evaluation of Hussmn oxplopive-Mlus compreasion
geacttors av MIF duvers A partially wall-suppswsed
deutaasumfile smatavrad F-pus b experancnt st AN will
allyw mvesugation of this piezma fur M agpg:lations, 11
a Inl=rpitey epvironnme et

MAi ) FAULRIMINT AND COMT T ATHON

ihr Hussapnonpieded NMALO) Praamns formnguse
cxpennicnls &¢ Law the subye. g of a U:S-Kumnsn
coltaboraton wvelving T ANE. and VL. Foor prae
evpleayve pylecd.uwer tlry-- MAG() shets hmy " 1w en
porfamcd 1 das, aimdd s chasoicnizieg the dynam -
Al BIeOne of (L6 flaang -1eatcd MAGO) e 8 v e

dsscharge m 1w cylindncul chumbers jomod by an annulr
nozzle (Figure 2). The 10<m-mdius chamber, usuall
filled with 10 wrr of 50-50 D-T gas, u powercd by a
cxplosive flux comprossian generator. Dunng the carl
operauon of the generator, x slowly riming poite «
clecirical cwrent is delivorod k- Uie dwmbcr, magneusin
the 3as with & “ear™ Cwront through tho conter conduct
of approxumaicly 2 MA. At a prexnbed ume, o
exphruvely opemwl opemng switch 1apidly incréases
reslaance. causing a 1mpdly incroasu.g ~locincal cuirer
pulsc up o about 8 MA mn } ux<: thas duves 3 pasmr
Guxchange in the chamesr,

AL 1tz average demaanics, (NL0™ carr’). ke MAGH
plassiia wil have an W “henaal pan<ut ume Mush greaa
than ity wa-10n colbnen ume. fiq lempeigonzs pelow
Le''. therelore, ane an eapeci & ollisuon,
magnchydrodynamuc (M1D; Muid mentel o bold MH
modching of MAGQ has * ¢en dme a1 [ ANL usig ¢
wu-dimaensional mimgneiohydnalynmmu - coede MRS
(Magneio-, Hydro-, R=listive . Dynamu e Rescanl
MIRUR has been w-¢, In do deamil=d pusdchn,g -
aumcrous platma cxperaucaty, ruch a3 deutcnum line
inming £ p|'|\h(‘l' Nre-nerws Ml T st e W
codneate cunvol lpuiklarecs, 1w . sl ulationse ol
squered f anodo adjacesd Ly ' rasrle anca o xmal
teneperguure MID calculainme, MUY DR - ipjplegs realy
cpainey of ate sid gesiaciy il den fiong W}
SILSAMI Latalaec (lun 10a o @0 g fate b fud Haan
Huwerer, oom wmpcratwye L7 1 ¢ s reymve tha 2
MAGO cha-plar, pubinct 1o e caepayeed kvl @ ey
[PPOV | [ i wmionaliy wenply a0 hke o lage flse
b, — A e o oot 1 aezh e ot 339



sonrast w the y evilent plasma dischargo in
the ckamber. To ostablish initisl conducting paths
resembling those pirsurnably resuling from breakdown
inside the chamber, small & O-T a1 the noxzle and
adjacent o the insulatnc 206 568 10 2 ¢V mutal cmperaturc,
while the redt of the D-T gas stans af room semperanee.
This gives computat:onal -tsults in substantial agroememt
with planina asd current flow as mcasured by inductive
probes and plaswma intedfcrometry.

The computstions ind«<cate that the gas that was
onguaaily in the left-hand section is compressed by an
inverse pinch and accelerated uvough the nozzle. Upon
exuting the nozzle, the fast-moving (20-100 cm/us) plasina
contacts the compressed plasina of the rigiu-haad soction
and its kinouc energy 15 convenied to themal encrgy.
Some plasma (<5%) reaches lemperatures bigher than 1
keV, snd it i3 from whis plasma that a pulse of
thermonuciear ncutrons (in excess of 107 arigmatss. One-
wemperaure (T.=1,) computauong give a negtron posk at
approximaiely the same time As experitnent, with a similar
pulic wids llowev.r. the 11al neuiron yield 1a
approxtmaceiy iwo orders of magmimde wo low, Two-
trmperatnte ideal gas computanons (scosceie T. L.
inlually T =T, =2 eV everywhare) mede closely maitch the
oberved yield. hut do not well mawch wie plasma ans!
current flow measurcments. because of the bigh mmual
elocirik al conduwctavity of the entire gas within dve chambur
The two-tcinperature compatations suggest that the loa
wenperature ol tho shock-heamed neuyon-producing plasma
hecamey signilsCantly ghor than the clocuon inpetature,
duning U« tune of pesk nauima prodicnion Becase the
hizh-temperaturs. relauvsly low-densily noutron-
freducing poasrin 13 coll.sioniess, it can hardly be expesed
that & celhsonal Mot mosde] wali reppeadace the demls of
LGubon produe it i €X3 uy. D e evalent ertonl (hat e
JyTAMICT O the Lasma is domunatea by the Zolliaonal
bl e oL bowsver, the MHD miodel docs prve geod
[T (5

I or unes later than aboat 4 psed. 1.6 . atwr the vory
-ounpicx sarly-ume plasmn formauon proces-, e
caingmbatuns almow & wrprengly watesay pleus ol
ngnt-hund scction of the claad4r,  [he placnag Z.n ta
nuaghly deqrd= pe a difluze, wad Confned 7-pmch b 1.
ia)  Noc plaga s approsgmiely onedpmesaona, wal
rlosma paamclas wch 5. Jdenfily, cmperat g¢ g’
moagrstic zld sanying ouly with raaiie Avarcde
cmpetx] wee-upewe (1o 1q) prasma parnmaiees o ne=1.6 2
1wl o 6 1 x 107 gomd 11 eV, B0 A, -0 1
ree AV Depe <ling upun duving Zouent. avorac
Lo Latrets x| ogh s U eV e peiaalids (5 I

Lie= cilic, Lign energy density  fas Jisclard
cading g ome s, v e expee e that te plason we: !
el oam. e lees, e Tacast gt algam oy weall s me gyt - “
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plasma during the late timas. If a substantlal amount of
mgh-Z matenal entered tho plasna, enhgaced radzuve
cooling could drop e high laze-ume pissma teniperauures
rapidly. A simllarly enhanced couling iy sl:own in te
computational expenimest of carve €. Figwe 1b, i which
we compicicly removed the magnotcchermal miuwapon of
te piasma, by holding all o1’z equal w0 0. Onc can begin
10 Invastigate the effecis of wall matorial interaction with
the plasma computationally, but full two-duacnsions!
mulii-msierial MHD computation of such a systom 18 &
very difficuli iask. Measuremnent of (ate-time lemperature
and composition of the MAGQ plasa.a is a major ficus of
continung expenments.

A “0-J" sphenical magnetized target survey model’ fue
peen uscd 10 predict tho fusion yweld which could
potentially be actueved if the plasma formed i tne
experiment reporied hers were subsoquently Imploded *
The compuilations were bascd upor the experinemal mass
(8.9 mg. pure 50-50 D-T), average computed temperatusc
and magnctic Geld, and an implosion kinetic energy of 65
MJI. The compatations shaw that unlty gawn can oocur f:n
miusl densltics &bovo about 10* g/cm' and imual
velociues above approuimatcly 0.2 cm/Ls. Gains in excess
of won can occur for densites and velocities approxamarely
2-3 umes higher A g7 of 16, ad & thenmcnucloar ylck
of 1 GJ. s predicicd for a densiy of 6.7 x 10° gin. 3
pusher implos-on vclocuty of 2 cnvps and & maximur
radial Convorgonce of lesa than 20, The aulvey
compulations show that the 200 oV average lemperaire
(kig- 3b. curve b) compuned iGe an carlicr. besser diagroses
exprrlent can pignificantly redus the convergence
requiced, and thai approxinuiely ashalisine Cotnigadaaen
can bo oxpocted for i’ mugneL fxlas as low 2. 73 kG

The aurvey mesulis goepicd with the (v Juncasion
wompuiskmz suggest that a plasme smtable Lor subseagu.
mpiounn m a8 Mil- conext can be prdnced i 8 MAG(
experiment Funther plasma feosation caperuncany are
tequired Lefone the prevent plasma “humdsd oan he
wilidontly mated wiih an saplasen &y .lem Tatas
expenimcuts will emphayzo charactegization 6f wie law
e phisen delwvidr anl il search for wall and asube:-
unli s which aouid Jegrade the implonaoi Koo 5
preces by enhaniing U it P Ty Lawees (e s
plav.m

AlLc g it as qpante g 1aaat Io it the eesent plasan
Loy corthd e scal=dd to g gisalls iz, pecdun. R th
enphosion ooty regunad, exnnng lugh-=epkive pulw:.
rowet v eV are anfllicirnt (o provale e &Y M1 -
Clasy U an Lo sy compuiationt. A o 1 ANI
YEall t expeniment plaaied (o mid 1726 wall stciupt =
Pt Fo L0 ME o ke onergy i a heacy mmplod =,
syt e or, ezl gom 1d beogeed o MAGO Liegr
et wenuesshAdn expenr Azt Caliulduoes 1as.
Ioag v L ool e ) Sstn westi bR or

LY - ) e foor iy ¢ - S LRI .!I.‘.=:. S w
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Figare ). Computed lat:-time MAGO plasma: (a) MAGQO-2 pluima axial carrent cantoars; ib) sverdje plaso
temperature vs. rimc, three separste MAGO compurations (a-MAGO-2, 1 <26 MA. I =80 Ma:
-MAGO-L, 1 1.6 MA I =R S MA: c-MAGD-2 with ux_—0. Le. v magnetatherml invelatin)

FIBIR-ININIA LD Z-FINCH TARGET FLASMA

Numcrous exitung, pulsed power iscihiucs au Los
Abmos Natenal Laboratory and elyew here may be useful
fun devebipment of MTF uager plaumas, liner compies ion
diver<. and fill Lacr on-Rlasnia compressin o AEIments
Iioweover. plasma rescarch. mauraied by ithe pral: of
magnncth  oinena st on iscrgial confinen 2nt futhon s
typically concenoated on plasma densues and dnver
mmploson pme scalct andert of magniuwie away from
[ [ who b By 'i_' -1nlllll|ll e e enensod Iﬂgl'l f-r M
Nreworthcles - pleriue Confligurations develsped  for
mymens contuwnent, fnd «dnvers devcloped tor inermal
cimimement_may be adaptable w MTF_ el they conaetly
{ro-laks womee wi llepnars bl sty jaunsds (g 6= b

Une weh magncurad pla<ias conliurolnn vl wiah
there a cxiepmive experience M Los Alamos Nae et
Talriaudy in i ot fiuta-faberning cof 7-puwn Joeas
omoc hopead tht xuch on approach Gould lesd wr veny Jenx,
ancmabusly «able Z pioch tauun pla-mps, bat plasme-
Sﬂ.rr.ur.l . m hene o aled wp ke p..u-.-uqll,- e b
futh o «oladiboarn, s B E5 Do Alggneed” HDIT 2 disgday- o
cralngt-y wiwabilit; ur CumrenE amd CMPCIAlUME wors
v re ge], dioppring denune s lar below thowe deared G
Tuncberin mpiprlbe dlgesten ' Howrwor 3ol ubs thnen-fites - halthanct
Jopun: bonipht wcl prodes © anac- SpIahly Bt deane
magpclirc] ot plasma for snbseqecnr MIF

BELTH O CAFIRTRILN PO STRYTE. T FETH T S

Uiy [l anad oumnnpulidiogtal el @ 08 -nnt ol ghe
Rz il - -ats witho = flch gh= (0o f8° 1 Ay 240100700 P tjter

Sophe e e e R by e 1 g S

with expenmeni’s, a fiver Z-puwh warget slase
experimeng bfs bern Jexgred and maidelad (Fuygare 41

wandd Ie diovan by the Colt capacitar bank ak Laos Alaia
200 &I, 100 kV, up @ 2 MA with 2 2.2 psct neetian
which 1. _onsidcrariy lo~a voliage end slower than v
orgnal Lo Alwinon HDZP experinenta In adklituni, 1
fibcs Z-pinch aryct plasma would be conlained n,ule a
cm-radins conducung wall; the HDZP cxpenimenta wcie
m« hande g wih traeaf-cantnstics it v alls Bevsn-s
wnaller quanaity of D-T w=uli he Gunalaed i such
thamber. (ompaiad W the MAGL cxperimem
sulnanuolly saealler sl won deiver ~ncigics <hookl

Iequbicd] o reach fushodd ciuudaeni [ened implosia
driven by tixc! (aop Cxplanve] palsed power am bl
such a5 Los Alma.” Pegayut or Auas. mght =
Jranmttome sulveinugal MIIT ._-unlug--nl--- brating (s
wilezr el las suasller canillguatk s would have & larg
2uf3ce-o-valume s, which Conld ISRt rrlative

' P g
R RTT AT WG SRl IR T

Dietaal-dd twomdisne nakaningl MED Mk g of vy h
cxpcritaonl paedt (3 carly bolige w st 10 dic HID
Fapcnmenry e filerr-imuin~d Pla oA B cmien aleatul
and expranefs explistivgly [hndaver. wlynilés plana il
sudt and stahuli ates sl the Gasetucting? wall. o appe
1 sctrie gepe g dienae. et rclnrnely soahie ware < sgualdy
erfylny nmngmp-plu. turrentas ju a few-mo el
wolusisn ccor & wopal mibctosa ol Averags pla-
rempemnres of cevoral hundiod oV s e -abile genwe
o thes 167 an iy, mnd magzectl s of onlor Mg
Tov the v mgrng thal ~em b g Copm ghoscon Uve - ap o Il
bl e podd grmalos {rod of G- mtgmdeaniy o owen
sontaindy e suass egrahte RUE g Y ane s one



Figure 4. LANL Z-pinch target plasma: a 2-cm radlus, 2-wm loag, electrically

1_ Electrically insulating
n 1R
m—t T i
ﬂ 2em E =
ol

. H Elsctrically conducting

\ 100 - um radius deutertum fiber

plasma chamber, codlaining

cenducting
a dewteriom-fiber Jaitisted Z-pinch. driven by a capacitor bank (200 k). 106 kV, 2.2 s risetimuc).

such predictions must be venfied experimontally. Suach
problems as nsulator flashover and wall-plasma
imomctions musnt be iavetigatcd. Three-dunessional
effects might have und xirable cos<oquences. Since theso
are :ssocs critical to many MTF Lner/plasma achemes.
expenmesial mrrcyugzations on such & mashine would be
exreme'y wyeful pans of an MTF reecarch program. This
experiman is now heginnaly 0praen »° Lirs Alames

MTF REACTORS

Tuc present focus of the rescarch is ward “proof of
punciple™ cxperiments. which ghould be poas:ble
Hincludsng igniion)y without a large capicpl i vestinent
G preaf of i congep. theie are wo apping lws dit
camo 0 mnd .ar an MIT powcr reaclor. Ouc 6 0 walac
iCF-like beam-dnven “o-targ~1s.” mcnrparated @ sn 1LY -
like pulwd reacvyr Lystem. The other appresach wo.sd be
0 aum for the Gaxim., 0 cRergy oulpet par shet, allowinyg
the 550 ol a lower repoution rale  If incxpeaasive chuirical
1u.acd pewer could oc nsed as the implosion drecr.
mdller. more econummica’ly vinl i remctors meght be
pusible. Becacse of AT s qualdative diffcreaces Gos
the merual o« magnc:r conlncment arproaches (o {18<-0
M+ remonsrs wqll have differcat cagractesnucy and wade
Ol cubiam dig Bt P00 b [, 2l fyksen guiweer
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