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COMPUTATIONAL AND EXPERIMINTAL INVESTIGATION
OF MAGNETIZED YARGET FUSION

Peier T. Shochey. Joyce A Guxx, Romald C. Kirparick, érvin R. Lindesnuh,
David W. Scudder, Jack S. Shiachior, and Fredenck J. W' socks
Los Alamos Nauonal
Los Alamos. NM 87545 U'3A
505 &67-139

ARSTRACT

In Magnctized Target Fudion (MTF), a fwehasted aad
magnctizod wrget pla-na s hysrodynamically cnmpressod
w fucon conditicns.'?  Because tho magueuc ficld
suppresses losses by clecoon thormal conduction wn the
[uel during tho wargel implosion heating prucess, the
SOuGpresaon may be over a much loager nme scale than in
trndmonal nertial confincmet fanon (ICF). Bagger
wrpeu and much jower miaal mrget denrsises than in ICF
<an b used, rodowang radiative encrgy bosses. Thorcfore,
“lincr-on-jidasma™ compressions. driven hy relatively
mexpeasive clectncal pulsed power. may be pracucal.
Potential M1F wargel plasmas musl meel mifimum
wmperdure deas.y. and magncuc ficld swuartng
condisons. and must reman mrianvely froc of hugh-Z
radiauon-cooling-cnhancing contammaenis. At Les Alamos
Natiineal Lalwwssny. compslational ansd expernimonual
rcacarch 13 beng purswed o MTF prasmas, such &=
dewcrium-iber-musted Z-pinches,” aad the Rusaan-
angmiied “MAGO™ plastua,” 1n &ldion, lacr-on-plasiiu
cmessins 0f such et plasmas W [uson conditons
arc pemip computationally modecd. and cxpofimenial
invesugausn of such heavy hiner impduricns has hegen
The siptas of the 1020t h will 12 peearutnal

I IROLLCTION

Mogpcanzesl Tangel Fusent 1= s appe-ui h o eranalicd
funial hai 12 iemudhate hetwcss nadnclc ctfugancnt
and nerus oufinement fusen in (v and dentaty ICRicY
Ty corep hey hoen poarsodd indapemdenily o) Russta nn
MAGQO (MAGuituoye Obshatlye, »r magncnc
.mmsam"-d-m: 1S, and more recendy. n3 &
1 4R gowaign cosllnlw g en * Mugrcored gt fusion uers
A ahere oafmed, wwagnctizad, probeared plavua fusl
wilhia » fi,Gon iarget.  Ihe magnets hokl wuisu. oo
loyses by clex nen theiiaal comlutcisn in e Tucl dunng dy
target unprhonien heane o peinTin Hliggger 1aigeis -l po ch
hows gl Lget sheauaes than i K1 Gt e asml e
v r dCll« Fedine 1M S enerly besurs,  Rodu 2
115C3 permil oA RdIR U conspresaem 0 e fue v
W € et sl fvTe ml ow ey, | BRI

umplofion velocines. Im MTY:, the CORVEIRONCE MALIO (Fopy
n._)ddlop-sllamq_l-mlmwnlmmny
potentially be loss than 10, depending upoa
tcmperaiure of the foel and the uluuuu:uy ol the
mplohon.

An MTF sysiemn requures (wo clemeats: (1) a
preheaicd and magnouzed munal “tamet” plasma: (25 a
target .on dnver. The wrger plasmn fiv sk a
sysicin might he nearly as amall as a typial ICT wrget
such as IR the clectron-heam-driven “@-target” 3
expenments (Figuro 1) don: at Sandia Ngtional
Laboratones, or ax large as the 10-cm-neliun ex
puised-pawcr-driven “MAGO™? expenments (Flgure
onginsicd af the All-Reissian HCKCDUIC KOSEQCh InIumWs
of i ixperimental Phy_sc (VINIIEF). Bocause U rodaced
encrgy hmscn In MTF relaz e joower and inbcamiy
roguircucnts for an implosion davor, a @-iarpet sughi Do
dnven w igniae by ar elacimne 1w wn beam, or laser
iystont, MuCh less powed{ul than that requacd Cor a
Uraditnmal 1CT- target. Kolatively mcapcasine ciectacal
pulsed power @ dnvo a Lincr-on-plasma imploswn may b
an opumsl drrver scurce for Mits This couhd slileze e or
fieod pulsodsporacs ahiies, uanh oe Los Alar aw” Pegasa
iy Allas, of CxpluNVe D UK-GARBC R LCHCIALS, SLTh A
Los Alamos™ I"ocyon or the Russaan 200 MJ olass ditk
flux compresnon gencimons ** Such energy-reh spwn s
sl allow a dermme-taen of fiu-en igudan va MY
witland 3 mipg Caital imvIwent 1 Aot ochupk:d.

@ biome

Fdme L Egarget’t A Lo .ro rgy prepuice arovaded
p:chent smd meguetiestion: maun rclanvists cledtrom
S bapledyed B Lagn
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Figure 2. MAGOQ cylindrical plasma formation chamber taxis of symmetcy at botiom); points A, B, aad T conaln
inductive prubes; poiats D and F. indicate chordul Unes of sight for laterteruinciry ard radistiva mensuremems|
chamber b clectricully conducting, exc2pt for the insulater Selow polnt D.

Magncuze ) targel fusion (uces sorc critical 155ues
The inirral iwget plasma must mest min'mem KMporMure
i~50 ¢V). denaty (boiween 107 and 107 g/em’). and
magnetic field (>50 Q) requircments. and must have &
Iifcnme, adjacent 1o the supporung wall. greater tnan the
tinphsuon hae (yjucally several (b for a puliod-powor-
dnvea implosion). Plazma-wall incracuon Riust i Crcaic
dynamicai cifocs or cacossve nrodw o of unpunics.
whiwh iaghd $e.al 10 rapend conling of 1l Flama Tie g
plazsma must b roalily inicgiable wnh snvers tor
cempression W fusam sondinoas

MIT-elated re-cane b Few Alanios Natg-ssal
laboranuy (1.ANL prescntly inv-alves (wo vaididato
arg3l piasmas the Russion-aagiated MAGD olasma
fonrawn scheme. sid the high- lesuty Z-panch. Lhe
MAGQ «irk includds dengeirg  joint US-Rusaign
cxncomnent and thoey Aimcal al doccamnnng Uhe sautaln'iy
ot the plasma Zreated for MIT Cuinpression, and
evaluyatien of Ru=sinn explipve-fine compreagine
gencrstars av MU duvers A panially wall-snpipsed
et mnefila somnabed Z-pus s exporuncat at LANL wall
alluw ntvesugstion of thia pimzma fur M1 agqduatons, i
a Inl=rpliny epvirsene

MAid LACLRIMG N AND OIS AT N

ihe Hu---pu.unlp_..--.lﬁ' NAL(L [romnseea fusrssamfuaee
expernicills 8¢ Gow e sulye, 1 of & CG5-Ruenan
wiitaboraton mvolving T ANL and VL, Fuor gy
f'-lllugnl: |Iq|-l_'|l-|lull.1_'|' e MAG() sl hay - s enn
|'l:lf--l'll\"| [TT I FOR A IPTIRY IR TRy IO | [T PYMPRTT R
atul Wtetng ol e glasng -0eal=d MAL) 1 8 st po

dsscharge m twe. cylindncul chumbers jomod by an annulr
nozzle (F.gure 2). The 10<m-tdius chamber, usaal!
filled with 10 wrr of 50-50 D-T gas. u poworcd by a
cxplosive flux comprossian generator. Dunng the carl
operauon of the generator. x slowly rising polte «
clecincal cwrent is delivarad k- the ussiber, nuagnen s
the 3as with & “ear™ curront through tho conter Conduct
of approxumaicly 2 MA. Al a prexnbed ume, o
exphruvely opemws1 ofeming twiich 1apully incréaics 1
reslstance. causing a apnilly incrcasing ~locuwal curc
pulsc up to about 3 MA in J uxx: this duves a pasm
Giachange 1n the chamuosr.

Al 115 avcrage dematics, (ON10M car’). e MaG
plasiia wit have an w0 *hemial panul ume mush greaa
than it wa-on colines me. fit Iempeigenss pohew
Le', qherelire, ane (an eapeci & s esbhisia.
magnchydrodynamuc (MDD Muid mente! o bold ML
modcling of MAGQ has * ¢en dine a1t [ ANL using ¢
1vy-dimcaswnsl nimgneotydnadysnme ~ oele MIRITG
(Magnen-, Hydm-, R~-hiauve . Dyviamn a Reseans |
MIURDR bar been neco st desmilad pusdchag
aumcous plavma cxposancnty, fuch a3 deutcnium hite
mnsi~l S pm\hc" Nrec-neews M-I 1 sl [~ o wiee
o inengle cunvad hoguwiklatees, il aloulalione cmphcy
squered f anodo adjacerd Ly ' casrie arca  In tulat
icnpexminre MIED calculsiengy, MUK DR » ipjebsgs ivali=
At of ainte med 1estuiony otz (o of
USAME databasc (ol 10 1 @ o 1@l © by ek Maan
Hawerver, iom mpcratwe L1 e s icumive tha 4
MAG ! s ha-uber, subimcy 1o poe aemuges] bl o sesen
Wlll.ll . 8- l'- Ill|llllﬂ|i! -.l.l|'l|y a1 hke I I"Hr N
el tane - canh e oot il ana-gh e agtse g vt



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

The computstions ind«<cate 1that the gas that was
onguaaily in the left-hand section is compressed by an
inverse pinch and accelerated uvough the nozzle. Upon
cxuting 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 theymal encrgy.
Some plasma (<5%) reache: lemperatures bigher than 1
keV, and it 5 from this plasma that a pulse of
thermonuciear ncutrons (in excess of 10 arigmatss. One-
wemperature (1,=1) computauong give a negtron posk at
approximaiely the xame time As experiinent, with a similar
pulic wid:n  llawcw.r, the ial neuiron yleld 12
approximaceiy Iwo orders of magnimde wo low. Two-
trmperainte ideal gas computanons (scosceie T L.
inlnally T =T, =2 eV everywhare) moge closely maich the
ohserved yield. hut do nau wcll maich e plasma ansd
current flow measurcments. because of the high intat
elaciri al candactivity iof the entive gas within dve chambur
The 1wo-tcinperature compatations suggest that the loa
wemperature of tho shock-heamed neuyron-producing plasma
hecoms signiliantly higlwr than the clocuon winpertre.
duning Ui ine of pezk nadma podicion Becaze e
hizh-temperatur:. relanvely low-densily noutran-
preducsng poasrin 13 cobs.sioniess, it can hardly be expezed
that & selhzonal Quid mod:t wabs reprndace the domls of
LCalitat Pt 0wt €33 oy @ IWC evalemt ericnt ial e
Jyramics ol the ['Lasma s donunatea by the olhiaonal
ho lk e of, lnveaver dhe MU miodel does prive ieod

1 or nma23 later than aboat 4 j2ed, 1.0, alwr the vory
~empicx sarly-neae plasmu formanon proces-. In2
soitglalaine dnew a cmprangly wateregy plana m e
ngit-hand sccuon of the chaader. The platng .n ta
nuagbly dleaqnlex me adiftaze, was conissed 7-pmchal g,
fa)  Nee plaara i approvmsgicly coc-dises.onn, wptk
rlosma paamclas wuch 8- Jdengily, icmperan ae ane'
@grshic Dzl sanying oaly with roaaes AR AL
apat-xd wee-pe (Lo 510) prasma parnmiees oe ne=1,60x
wilant, o 6 1x 107 gomd. Tl eV, Bl el !
osx st Depe <hing apon sluving Ssmcnl, avoralc
Lo psteeda an Lol s UNS eV wef pasaaills {5 e

L~ shise lign enery density  ogax disclar
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plasma during the late tuimas. If a substantlal amount of
mgh-Z matenal entered tho plasna, enhgaced radusuve
cooling could drop e high laze-ume pissma teraperauures
rapidly. A simllarly enhanced cooling iy shown in Ue
computational expenment of carve ¢, Figure b, in which
we compicicly removed the magnotcchermal miuwapon of
tne piasma, by holding all o1’z equal w0 0. Onc can begin
10 Invastigate the effecis of wall matorial interaction with
the plasma computstionally, but full two-duacnsions]
mulii-msierial MHD computation of such a systom 18 &
very difficuli iask. Measureinent of (ate-time lemperalure
and composition of the MAGQ plasn.a is A major ficus of
coMimMung expenments.

A “0-3" gpharnical magnetized warget survoy model’ tue
pcen vsed w0 predict the fusion yweld which could
potentially be actueved if the plasma formed i tne
experiment reporied hers were subsoquently Imploded '
The compalations were bascd upor the experinenal inass
(8.9 mg. pure 50-50 D-T), average computed temperaturc
and magnctic Geld, and an implosion kinetic energy of 65
MJ. The compaiations show that unity gan can oocur fn
wiual densitics cbove about 10 * g/cm' and imual
velociues above approuimatcly 0.2 cm/Ls. Gains in €xcess
of ton can necur for densities and velocities approxamately
2-3 times highar A gra ol 16, aud o thennonuciosr ylclo
of L GJ. s prdicied for a densuy of 6.7 x 10° gien’. 3
pusher  implos-on vclocuty of 2 cnvps and & maximur
radial couvergonce of Irsa than 20, The wurvey
compuiauons show that the 200 oV average lenperaiure
(kig- 3u, curve b) compuned (6o an carlicr. besser digroses
expechnem can pignifizandy reduwcs the cenvagenc
roquiccd. amd thai approximutely adhiabasie Sinagad sons
can bo oxpected fof g’ nugreLc fx las as 10w 2. 75 kG

The urvey meselis covepicd wale the [v=s- Juncasion
LOMMUUMKRLS SRZCE 1hat 8 plaime simtadile (or Subseajuos
mpirain m & M1 canexi can be produced m & MAG(
expennmen Funher plasma fi=ssation caperunems ane
feqqelred lcfisge thie preent plustst chunedsd can
aiifidontly mated wih an saplisnen 2y 1em Tatae
expeuments will emphanizo charnctagization of e lar
tiste plisscm pehuverr and swill yearch fisr well ansd insnbee:-
uisjrihy whch sl Jdegrade e iniplonesit Kt §
preces by enhanng U e or-Tiy Lavees b 12
|I|?_\.l'_-

Al agds ol a8 seante | At I o the gusieal [asim
LEanacy Corbhl e sal=dd g sallos ire . ety X th
ruphoon cosrgy 1cgannd, exnnng lngh-=tpheuve pulw:.
fower deve e e auflicten e proveke the &Y M1 -
Clasmy Sl i e Sy annpulainat A jast 1 AN
YFall 1 expenment planied e mid 1726 aall stciunt &
10t o2 oo -0 M ki, onergy intu & heas y snpling =,
B )'-u (TP B TEE N T PR A LI S YR LY EYE R B IO
. vt s expepst. st Cal aldsens Las
Vg fmpe g Lo podhe 0 IRE = 1 Aisn st Db r
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Figare ). Computed lat:-time MAGO plasma: (a) MAGQO-2 pluima axial Sarrent cantoars; ib) sverdje plaso
temperature vs. rimc, three separste MAGO compurations in-MAGO-2, [ .<26 MA. I =80 Ma;
B-MAGO-1, L 16 MA I RS MA: -MAGN-2 with 11,-0.Le. v magnetitherml insplatbn)

FIBIR-INL CIALED Z-PINCH TARGET FLASMA

Numcrous exisung, pulsed power iscihiucs at 1os
Ablaos Natenal Laboratory and elyew here may be useful
e devebpoent M MTF sarger plasmas, liner csmpiessan
sdnver< and fall Lncr On-[Jasnia comueasiam «CETIMCRS
Ioweover. plasma rescarch. maurated by ithe pralz ot
Meagmwth oniciene sl (n st lal onflinon onl Gigen ligy,
typically concenorated on plasma denasitics and drver
implosion ame scalct andert of magniuxie away from
e alin b Ty 'H_‘ -1nlull|l' lem l-l-'.l'n(‘l;rﬂll Iﬂgl'l l'-.— oo
Neworthcles | plecius Sonfligurations devebiped (o
e contningint. fnd Jdnvers devehped tor incrnal
cmiimemenl. may be adaptable o MTF, el they sxiatly
otk woner we Hapnagabnd wattny jaatsis by 16 h

ime weh magncerod plaaa coaligurolnm un wig. i
thers o cxtepmve experience M Loy Alamine Nate el
T alriaay v s okovitt apsten-fobcr-gnineg Fpumh It win
imec hopead th vuch on approach Goukd lesd wr veny Jen s,
armabusly stabte Z pisch (asun pla-mey. bug plasms-
SI‘IIPl'nIIl'-l o Mg Bt e Alesd ugh 1 p..-.-.ql-lII,- 1t ks
futk it s ol liiacare. s i B3 Love Aldinen® HDZST 2 digda,- o
credongton winmbility ur Cymrenr amud CMPCTAUCTE wers
s 0o wtne], dhofipunyg degtint s 1ar el shusr dfeared fom
tonksis applh dteses © Llowsvie 2ok, st stoson- (1002 - Ll bateat
Sz boanigld well proch £ &nac- ejuably fal. deane
meagerhrod ol pstpama for e esng MILD

DEEITR TRFEPERTTI STl PYTRTE TN PR Y .
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with expenmeni't, a finer Z.puwh warget slase
experimeny fbs bern Jexied and mdelod (Frgare 30

=ik be disvcn by the Coll capacitr bank ag Laos Alai
1200 kJ, 100 kV, up 2 2 MA with a 2.2 pses noctm
which 1. onsidcraciy lo~a voliage end slower than v
ooyginal Low Alwnos HDZP expenimenta  In adklinwm, 1
fibcs Z-piach targer plasma wisuld be raonlained ;e a
cm-radins cunducang wall; the HDZP cxpenments +c'c
n o hasdyr g wal trnaaf-cantonstice 11t alls Bevse-s
naller quaripy of D-T a:wubll he conuned in such
chamber. compaied W the MAGL? cxXprrimen:
sulnianuolly saealler sheple swon shiver cncigics bt ]

reaulerad o 1each fualedt cinuditeent e imphsn,
driven by hixc-t (aon Cxplamive] palsed power ol
juch as Los Alma.” PPegayut or Auas. might =
Jranmttome eulvtoal MIT ._.‘.plm_-\nl--- lrattsg Cps
wilecr Land thas sualler s rnllguiatkds wougld have a8 Larg
auface-1o-valume st whch Combl RS fae rrlative

ST AT Rl sETrR

Ditak-<d tvanmbions sdotinl MDD sk (g ool b
cxpznitathl predi 13 cary ok k@ slanle K dic HD
copriimcits e [illepeimiipag pla -a Baosmmes ofeaigl
atn] Cxpunls cxpliaivaly [hnvaver. wis il plaia fle
sulant and <tahel catxel ol 1he kbt wall ol appe
s wenle g @ dene, e ol ely suilie saie o apuetd
\.ﬂ'"ll'_ ﬂlﬁnal‘lll-plun [N L] ] I a rf-ir-lhl'.l TN
walusion s_ces &0 g @l Gedotesege sntld - Averdge pela-.
rrmpernare . -of covoral humttad gV oo e -abic gonae
i e L% et pmgpe, mnd magzectic teidh o onalor _Saga
1os slee o afran) tlesl ~om o pos Cogu tlnncon Uve o oge sl
10 ol 80 Pacel pemanlesl oo v oof oo sosepuanjsreniln o8 weas
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Figure 4. LANL Z-pinch target plasms: a 2-cm radlus, 2-wm loag, electrically

1_ Electrically insulating
n |
—— 3BWF Hl
niH

il Elsctrically conducting

\ 100 - um radius deutertum fiber

plasma chamber, codlaining

cenducting
a dewteriom-fiber Jnitisted 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 must be iaveitigated. Three-dunessional
effxcts might lave und xirable cossoquences. Since theso
are :sscs critcal to many MTF Lner/plasma schemes.
expenmesial ircstizations on such & machine would be
exreme'y wyeful pans of an MTF reecarch program. This
experiman is now heginnaty 0pranin a® Lis Alames

MTF REACTORS

Tuc presemt focus of the rescarch is ward “proof of
punaple” cxperimenis, which ghould be poas:ble
LHincludsg igniiony without a large capicpl e veshinent
Giwa proal of o congep. thetc are two approg bos diat
camo 0 mnd .ar an MIT powcr reaclor. Ouc 15 0 walas
iCF-like beam-dnven “@-targ-1s.” mcnrpacated w an 1CT -
Like pulwd reactr Ly#em. The other appresach wo.sd be
to aum for the Gaxim. 0 caergy oulpel par shet, allowinyg
the =20 of & lower repoution fale  If incapeiive chuirical
1u.acd pewer could oc nsed as the implosion dniecr.
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