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IMPROVED WF LASER DESIGN FOR THE LABORATORY MICROFUSION
FACILITY

D. B. Harris, J. A. Sullivan, J. H. Pendergrass, N, A. Kumit, E. A. Rose, and J. AMcLcod
Los Alamos National Laboratory

Los Alamos, NM 87545
(505) 667-0852

A conceptual desi6n of the KrF laser-driven Laboratory Microfusion Facility (LMF)
has been completed. I.ASNEX calculations predict an indirect-drive target yield of 400
MJ from the 3-MJ, 480-beam driver system. Nine final amplifiers with individual
output energy of 412 kJ are used. The total cost of the KrF laser-driven LMF is estimated
by an independent cost assessment to be $921 million in 1992 dollars.

The Laboratory Microfusion Facility (LMF) is a single-pulse inertial confinement
fusion facility that is intended to (1) develop and demonstrate high target gain, (2) bc
used to perform advanced weaporls physics experiments, (3) perform nuclear wcupons
efkcts simulations and vulnerability studies, and (4) advance the understanding of the
tcchrmlogical requirements for commercial power and other applications. A
Ilcpwtmcnt of Energy-led scoping study [1] of this facility has been conducted over the
past five years. The study had two phuscsi The first phase examined the dnvcr-
indcpcndcnt aspects of the 1.MF, including the utility, dcvclopmcnt issues,
rcquircmcnts, and sta~lng nnd management issues [2]. The sccol;d phnsc cxamirwd
th[’ driver-dcpcndcnt aspects of the I,MF. Four drivers have been examined for the 1.MF
during phase 11: KrF m-id Nd:glass li~scrs, and light- and heavy-ion mxrlmtitors.
Ikht.rl pcrforrncd nn independent COS1usscssnmnt of uI1 of the drivcr~ cxccpt tho hcilv~-
i:m nccclcrnt.or [3]. The general design fcntumw and cost of the KrF kmcr-driven 1,Mk’,
khown in Fig. 1, will be dcscribcd hurl’. A full dwwription of thr KrF lilsl~r-(lrivl!l~ I.MF
concrptuul drsign cim k found in rcfrruncr 4.

LASNIIX turgl’t dcsi~n ~~lcu!iltions predict that a 3-M,J Krlr lmwr will produr(’ n
targvt yirld of 400” M,J. Thi~ yirld is wrl] within thr drsirod I.MF yirld ri]ngl~ of 200-”1000
MJ, illtllough thrrl’ i~ con~iclrruhlr uncrrtai; .’ in ill] higll-giii:l t:]rg(’t Cill Clllilti 011 S. III

ordur to uchirvc this pcrfbrmnncr, the 24&n11 .*i~vrlrn@ KrF losrr must drlivl~r
pulsl’s with hr: m-i lmnclwidth unrl high-d~:li~~ lic-r:~ngr pulsr shnp(’s to thr {argot, ‘1’1111
1)(’;llll (llliilit.~ IllllS[. UIW 1)(. <10 Lilkll.s di[lrtlu iml Iilllii.c’[I (%1114). ‘1’tl[’!i(’ p(’lforlllilll(.(” J:();IIS

:Ir[I III(II l)y ttl(’ t{rl~’ I:tsrr d(’sil:ll fhr tlw I,.Ml”.

‘1’II(Fdc’si~ll of” tlIII Krk’ lils(~r (Iriv(’r tl~:it III(I(FtS tlI[~ l,MIQ’ r(’(lllir(’lnl IIt S I)ils
ul~d[’rgolw fli~l]ifi~illll. ifl)])rov(’ll)t’111.s Juril]g 1!)!1 I. I{(’y ill]l)l-ov(’1])(’1)1.s illrlu(l(’ :1 l: IrI:IIr

(’11( ’rg.v OUll)llt. fill:ll -illll~)lifi[’r Illo(l Ul(” tll:lt is ill!io Illol.’” (“~)1111):1(’1 tliilll tilt’ l)r(~violls

(1(’si~;f]15], T]](’ l:lr~g’ nml)lifi{’rs iill’ Ilow I()(”ilt(’(l ill :1 <ilq!l(’ I)llil(lil]l! 1111(1lLr(’ori(’1ll (’(1
illl(l krl.()~lj)(’(l to Sil\’{’ H])il[’(’. ‘1’11(’ lil~olll of. 111[’ lilS(’r S~Sl(’111 llilS iil S() 1)(’(’1] Illil(l(’ 11101.(”

ronllul(l u!I(l 1(’ss (*xI)(*l)siv(*. A rollll)lli[’r {Ii(livl (li’si~:ll ~(~[1[~I]ils I)(Y*II IIS(~(l h) ~~IISIIIXI

(’111:11.:III(vss[III(I KI):I(.(’for :1111)(’:lII)s :111(1C(UIII)OII(IIIIS.



illvrnination geometry.
experimental packages

Nuclear Weapons efTects simulations and vulnerability studies
up to 175 mz are inserted into the target chamber through an air

lock in the top of the conical effects area. This design allows for the several low-yield
target shots per day and the one high-yield shot per week desired for the LMF.

A point design of the LMF target and calculations of the target performance have
been completed. The indirect-drive target is c~lculated to have a yield of 400 MJ when
illuminated with 3 MJ of high-dynamic-range pulse shape, broad bandwidth %F laser
erwrgy. Table 1 lists the specifications for the target calculations.

The LMF target is illuminated with 480 beams that are delivered to target in six
cones. Three cones are delivered to ~argct from above, with 20% of the beams coming
from a 35° cone, 40% in a 55 °cone, and the remaining 40% in a 65° corm. The bottom
beams are symmetric with the top beams. Beam phasing, having some beams timed to
arrive earlier than others, can be incorporated in a straightforward manner if needed.

Target calculations were performed using the lASNEX design code. The largest
uncertainty in the calculation is the target coupling efficiency, defined as the fraction of
the laser energy that is deposited on the capsule in the form of x-rays. This fraction is
strongly dependent on the dimensions of the capsule and hohlrnum, There is a tradeoff
bctweel] coupling efficiency and capsule symmetry that is currently not well understood,
le~ding to relatively large uncertainties in the achievable coupling cfflcicncy.

Given the uncertainties and assumptions that went into the t~rgct calculations, tlw
result was a predicted yield of 400 IvlJ. Examination of target-pcri”ormi~ l~cc dcgrmiation
caused by hydrodynamic instabilities was carried out nnd was found to be neg!igihle.

Llrivcr D-

‘1’hc Krh’ Insur is nn nt,tract. ivc candidak for the LMF driver for two reasons. First,
\ho output churticteristics of the KrF lasrr 1(’ad to c~cicnt, target coupling. ‘1’lw Krl’
lasrr opeqt,cs with u short fund:lm(mj :~1w:lv(’1(’ngth of 248 nm. ‘1’his short WilV1’lL’ll~tll

l~:is bwn shown to lvad to hi~ll absorption” nnd x-ra:.p conversion” (’flicivncy. Ad(iition;lll-v,
t.tl(~shor~ f[lndill[~(~I~t[~lwnvell~ngth ullows tl~(~Krl” )ns(’r to op(’rutc with tll(~ broi~d(~st
h:ln(lwicitJl thilt thv lnsur cnn support (frrqupncy convt)rsiol) i ~~~t]],iqups gt~l,i~r::]iy only
work l’~cilvntly if thr l:]scr is narrow h:indwidt h). ‘1’1)(’coml)ill:ltion of sl)ort w:lv(’1(’n~t}l
un(l hroucl bnndwi(lih is (i(’sirubl(! to incr(’nsc the tllr~’st)ol(i for 1[1S(’r-plil SIIlil instnhiliti(’s
[~ 1. ‘l’IN) ~IIlootll” ~)~’[~il~sfr(m] thv gasrous KrIJ Iiisillg mixture nlso promotr” rflicient
I.:lrl:(’i. roIIplin~z. ‘1’IJoKrlJ I;Is(’r is [IISO[::lp;~t]l(: (of-pro(ll.l(:inl: !.II(T[1(..(..llr;l[!,!,]~igll-f{y!l:lll)i(.,
rill)l!(’ p[ll S(l Ht)il])(’i{ 11(’(’(i(’d for hiqll ~[lin.

‘1111(1S[~COI)(l ro;]son wl~y Krlc’ lils(~rs~lr(’ [In nttr:](.tiv(’ c:ll](li(l;lt(’ fi)r tlI(* l,kll~’ is tl~:lt
Krl” l:ls(’rs 111so l)roj(v’t to 1:1(’(’t.ttl(’ (Irivrr ].(’(](?ir(’rll(*l]ts Iilr 1(11”(’11(’r~;-v~)ro(l(lrti(}ll. ‘1’11(’
1{1.1”11:1S /1 ~JIS(’()[lS I;lsi tag 111(’(li(]l]l t.ll:lt [IIIOWS]-(*l)(’tli,iv(’ ])(l]sill~~ 1111(11]:1St,])(’ ~)()[(’l!ti[ll to
1]1(’(’1I.11(*(’fli(. i(’l]cy r(’(l(lir{’1]](’l]ts. It II:Is 10111:1)(1(111r(’(v)l!l)ix(’(; I,l]:lt it is (lf~sir:ll)l(’ to lI;lv(J
:Ifl l,hll~’ (Iriv(’r t.)]:lt [11so 1]1(’(’ts [II(I (Iriv(’r r[~(l[lil.(’11](’ills !iIr 1(~1” (II I(Ir/!y [Il)l)li(.:iliol]s.

A :! NI,Jl{rl~’ I;ISIII-l];is 1)(’(*11(I(lsil!l](vl to s;lt.isf~v tll(’ l,hll-’ r(’(~llit(’11)(’l]ts, ‘1’11(1 (1(’sil:ll

is III(1 (’lll)llill:ltioll {) f.illl

W’(*l”l’(():
● (1(’si~!l) :1 low (.os1
● 111~’(’[:Il)[i(.il):lt (’(1

wiil) tlli’ I, NII”,



● limit technological extrapolations, and
“ base the design on existing experimental data as much as possible.

Based on these goals, the design evolved into an angular multiplexed system that
employs distributed encoding and three independent amplifier chains fed from a single
front end. The complete amplifier staging diagram for one of the three identical laser
chains of the LMF driver is shown in Fig.3. The LMF conceptual design includes all of
the major components from the front end to the nine ultimate amplifiers [4].

Each of the nine electron-beam pumped Ultima@ amplifiers generates 412 kJ of
laser energy exiting the amplifier window. An amplifier module is shown in Fig. 3 and
the design parameters are presented in Table II. The amplifier uses waterline peakil~g
capacitors to shorten the pump pulse rise tiine of the Marx-bank output to increase the
pulsed power effkicncy. The output of the peakers is used to supply power in the
appropriate pulse shape to the three e-beam diodes on each side of the amplifiers. The
short waterline peakers, used instead of the waterline pulse forming lines used Gn
Aurora [6], allow the amplifier to be placed on end as shown in Fig. 3. Placing the
ultimate amplifiers vertically allows the nine ultimate and three p,cnultima~ amplifiers
to be arranged in the compact layout of the industnal-s~el amplifier building as shown
in Fig. 4 (without the roofs, front walls, and amplifier support structures).

Fig. 5 shows that each laser beam travels back and forth through the I)ccodcr
Building eight times. All of the high-energy beam-propagation paths arc in helium gns
enclosures to minimize losses. Starti~lg at the separation and rccollimation army, the
beams double-pass the penultimate amplifiers and return to the separation array (paths
1 and 2). The beams arc then double-pass the ultimate amplifiers and return to be
rccollimatcd at the separation nrray (paths 3 and 4), Next,, the beams trtivcl the length of
the decoder building to the first. turning array station (path 5). From there, tlw lwnms
arc scrl*. h the decoder mirrors (path 6) and go the the second turning array st.;~tion
(path 7). Finally, the beams arc sent through an opening in the ccn~cr of t}lc scp~]riition
army i~nd into th~ Transition Building (pnth 8),

‘1’hti ‘Yr[lnsitirn nrld I{oundhouso 13uildings urc shown in Fig. 6. Thc ~lli]d(ld
r(’Lrions indi~ilL’.. L11OSC Ull>il!i thilt contnin h(’lium. ‘1’}1(’hcams exit ttlv I)rco(i(’r Iluil(iill~
Ulrough [111oprning in tll( center of ttl(’ FA’pilriltioIl Urrilys to vnler the ‘1’rilXISitioll
Iluilding. ‘1’1~(~!wams then r~’fl~’ct~d [Is showl~ h(’forr bring dirrctvd into th(’ I{oundtlolls(’”
I]uilding. Th(’ (~ntriil~~t~ to t.h(’ I{oun(]llous(’” is tt~rou~l~ ill~ilp(~rtur(’ ill th(’ shi(’ldii~fl will]

‘(’ii,

t),’

1)(’;1111sorlto” tll(’ t:l’! j:l’t. As sIIOWI1ill 1~’i~!.2, tlI(I sl)ll(’ri (’:11t;lr~(’t cll:lll]l)(’r of’ 5-III il~si(l[l
ril(lill S is slll)])ol-t(’(l l)v :1 (’vlirl(lri(’; ll 1 Ill tlli(’k roll(’r(’1(” slli(ll(i W;ll] jil:;l oll~si(l(~ (If’[11(! I .!)
111-tt)i(’k(.1(,s(* ill I)or;lt(’(i w; It(*r slli(ll(] of”[11(1rl]:il]]l)(’r. A col~ir;il sI):IIN’(! (.lI:iII]l)tIi.:11 III(I
lo]) of” 11)( I sl)t](’ri(’;l] rll:ll]]l)(’r is II:;(I(lI(I (Ixl)os(I ol)j(’(:ls wilt] cross s(’(’tio;)s 1]1)to I’lf) Ill:? fi)l”
1111(.l(I;Ir w(I;II)OI)S(Ifl(t(’ls Fi,l]lll;ltiofls {III(I ~’111111’r;ll)ilityslll(li(’s. ‘1’1)1’1110(1111:11- I)l)r:l{t’(1

Iv; ll(’f” Slli( ’1(1:Il)ov(” ttl(’ (Ifli’(”ts (.11:11111)(1~(“:111I)(*(]r;lit)(t(l :111(]r(Illlov(I(l ill HIII:]l~:+(*(.liolls lo
~)(’rlllit rollv(’lli(’1)1 iils(’rliorl III](I rI*(oov(’r,vof”l:Irl:II t’xl)(liilll(’1)1:11 ];;I(’I(:II:IIs,

‘1’11(14H[) l:Is(Ir I)(t:lIl)s IIIIt(II-tl~(’ l~;xl)(’ril)l(’llt A,.(I:I IIIroIII!lI its (’(lilitll~, ur!)i(’1) is [II(,
floor” (If”tlli’ Ihlllll(ltlolls(” llllil(iil)~!, hl{)sl of’tll{” 1)1’:IIIIs [11/+.1)ri’(lllir(’ 01111fl:ll tlll:)illl:
I])it.t.[)r, :1 (Ii;ll!l)osli(” 1)(1:1111sl)litl {’r, II ll’1l::, :1 [1:11 V:l(’llllltl Ivil)(lo\v, :111(1II 1)1:1:;1:.lli(’1~1ilI



the Experiment Area {or transport and fGcus of the beams on the target. The remaining
96 beams require one additional flat turning mirror. IrI the Experiment Area, the
beams are transported in individual helium-filled beam tubes to maintain an air
environment within this area to simplify maintenance arid operations. A shielded
diagnostic access area ~urrounds the target chamber to allow access shortly afl.cr target
si,ots. Convenient access ta all levels is provided by elevators located just outside the
walls of the Experiment Area,

Many target chamber conceym ha~’e been describci for the 1.MF. [7-12] Some
innovations were introduced for the Kr!? laser-driven LMF. However, because of the
geometric complexity, the. m’iltipliciLy of phenomena involved, and the fundamental
phyr.ics uncertainties, the many concepts all have numerous questions that remain to Ix*
answered before a target-chamber concept can be confidently designed.

Experiment, Area equipment comprises much more than just the target chamber.
In addition to the chamber vacuum sysbrns, several fluid sy~tcms v;ill bc intcrfaceci
with the target chamber to control the chnmbcr environment. They include liquid
helium and liquid nitrogen, cooling water and chilled water, spccinl gas cooling and
heat transfer systems, inert-gas systems, and contaminated gas and liquid cleanup
systems.

To support target opcratiom;, several additional systems will bc required. The
appropriate environment must bc provided for targets whi]c they arc transported from
target fcbricaticm to the target chamber. ‘1’hc turgcts must bc inscrkd into the chilmlwr
and accurutcly positioned and oriented. Prc-shot diagnostic mcasurcmcnts muy bc
nccdcd to monitor the state of the tnrgct.s inside the chamber until they urc illuminated
by the driwr. ‘I’he yields and emission spcctrn of Lnrgct,s will nred to be measured to
chilr:lctcri~p the driver energy deposition, its convcrsio]l to x r[iys and transport to the
furl Cnpsulc, the fuel cnpsulr implosion, nnd the thl’rtnonuclear burn. ‘I%c driver b(~i~nl
cnvrgirs, biililn~c, uniformity, pUISL’ sl]i]p(~, [lnd l)ilndwi(lth will [~ls() necxl to h(~
m(~nsur(’d. Ad(litioniil syst~~n]s will t)~’I)(ILJ(IL*(lL()support i~p~)lici~tions cxpurin~vnt.s.

Still (~[.1)(’r(ulllil)nl(’111 , inrlll(lil)~: tl)(’ (’11:111)1)( ’1- W:llls, 1)1:1s1. slli(’1(1+, ill)(l
(’Xl) (*I-i III(IIIl.’Il (vlllii)tll(’l~t, II I:IV 1)(’ 10(’:l!( ’(1 sllfli(. i(’I]tly filr I’rolll 1.11(’ till”~!(’t Il)i(’t”o(’n ])lo:; ion

S() tll:lt olllv I+llrfil(’(’ [Il)l:ltiol] IS il COII(S(’l”ll. ‘I’ll{’ (1(’])()~ili()ll OI’[ll)l:ll (’(1 111:11(’l”i ill 0111()
(mrili(.:ll silrf”:l(x Is. sllrl] [is o~){i(.;ll :11)(I [li:lf;llosti(. S(lrf\I(h(IS, 11111s11)(’ pr(’vt’1ll (’(1, ‘1’11(’11s(’of”
lllll’1l(’1(’(1(111(1i:lr~:(’1 (’x~)(’rilll(’1)1.s ;Il:lv I)(*(1(’sil‘:*(I [iII-ttl(’ (’x;llllil]:llioll 01”t:IIfyIl

l)l’l”fi)l”lll:lll(’t’, llow(*v(Ir, tll(’ r(vlll(’iiol; of”II)(*:l\’;lil;ll)l(’ tIIIi*Il:v (t) 01]I% tll; il (1(’lil’(’rt’(1I)JJtll(I
(irii’(’r II);IV gl(’l{liillv ill(.r(’:is(’ t.11(’l)ro(lll(.lit)l) ()!’])roj(’(’[ilils :Iltov(” W’l!;lt W(llll(! I)(’ })1”()(111(”(’(1
ill t)il!ll vi(’1(1 (’s~)(’rilll(il)ts.

‘1’11(’I: II”J:(II (“ll:lltll)IIr ils(’11”is 111)1jl]!;t [1 tiillll)l(’ ])t(I:;::llI’t/v:l(.1111111vl’s::I’l 1)111IIl:ly :11:+()
ll)(”lll(l II Iil.1 w:III l)l”~){(t(’tioll sv!; t(’:lls, II SII]):II”:I~II first w;III SIIII(’IIII XI. tIIIVItXIt II II I’Iil
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shielding, The principal design and physics uncertainties for all LMF target chambers
include:

●

●

●

●

●

●

the effects of the impulse generated from the ablation of [’xposed chnrnber
surfaces;
th(t history of the pressure loading of the chamber walls by ablated material as the
vapor is generated, expands, stagnates at surfaces, is traversed by shock waves,
and condenses;
thermal stresses and shock waves and their reflections, damping,
coi~centrntions, and vibration modes that may arise in complex thrce-
dimensional structures and equipment;
the numbers of projectiles of various sizes and speeds that are generated, the
interactions of such projectiles with exposed optics and the chamber first wall,
and the requirements and performance of equipment required to protect against
these projectiles:
the vulnerabilities of materials to and changes in material properties resulting
from cumulative neutron and gamma irradiation;
the potential transport of abiat.ed material and deposition onto exposed surfices;
the adsorption onto m-id embedding into exposed surfaces of tritium and activated
materia!s and the decontamination of such surfaces; and
the neutron activation of target chamber materials and mat,crials throughout the
}~xpcriment Area.

The ?.5-m distance of the first optical surfaces from the trirgct is projected to
ncccssitalc the usc of special equipment ta protect thcm at the cnlculatcd LMF yield of
400 M,J. The chnmbcr first wall mny also require protrct.ivc measures to assure its
~urviva]. ~Scvcrul concepts have bccm proposed for such protection [7-12]. The most
promising concepts for chnmbcr protection include the use of thin, rcncwal!lc luycrs of
frost or room-t .cmperat,ure porou~ ~olids LOr(~duce the Iirst-wiill pci~k stresses nnd
ilbl:ltioi~. A promising concept, for protcct,ion of optics is the injection of high-atomic-
numh~’r ~~ilSL’kl just prior t,o firing the Inscr comt)incd with fast closing mcchnnicnl
shutt(’r’; to protect ugainst projectile’s al~d deposition of ~l)liltl~d nmterials.

‘1’1}(’ ilIlll)lifi(’rS (.illl 1)(* ol~~’1’ill{’(1 S:l!i*ly llS:l)~! Stil Il(l:llYl ();)(*r:ltiil~! ])l-OC(’(lllY[tS :11)(1

s;lli’1 V ti~!il(’ills (](mV(’lo])(l(l f~)l. tli~:ll Vol[; l[:(’!+ 1111(1 ])i17.[11.(lo(l S ~ril!+(’, %. I )(’1(’CLOI% 1111(1
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also meet additional safety goals at acceptable cost and ri6k while achieving the desired
performance. In addition to maintaining its stmctural integrity for the largest credible
yields, the krget chamber must be designed to survive the maximum-expected
earthquake accelerations for its location. Additionally, the chamber must not be
activated excessively and must be shielded to reduce activation throughout the rest of the
Experiment Area.

The principal radiation-safety requirements for facilities such as the LMF are WCII
known, There is no doubt that these goals can be met. The principal issues arise in
connection with the tradeoffs involving capital, operating and maintenance costs, and
the experiment rates and types that can be achieved in the LMF. The design of the
target chamber and its shielding can have a significant impact on these tradeoflk.

In the Experiment Area, low-activation materials will be used to reduce the
waiting period before personnel can reenter the Experiment Area after a high-yield
shot. Such materials include special low-activation aluminum alloys, high-purity
berated concrete, and very-low-activation reinforced polymeric materials and other
composites. Similarly, special shielding and radiation-streaming control measures will
also be used as required to limit personnel exposure.

Ct&t
Bechtel sc~ed as an independent cost contractor for Pham 11 of the I) OE-led

Laboratory Microfusion Capcibility Scoping Study. Among other things, their
responsibility was to produce cost estimates for three different LMF concepts.

Table II ~”st.s m ovcmiew of the 13cchtcl-gcncratcd cost estimate for tl:e KrF lascr-
drivcn LMF. l)ct.ails can bc found in Rcfcrcncc 3. The tatnl estimated cost, including
c~ntingcncy, escalation, and project o~cc, is $921 million in 1992 dollars.

The conccptunl design of n 3-MJ KrF ln~cr-drivcw LMF hns been complotcd us p:~rL
of the I]OE-led Labcrutory Microfusion Cnpahility Scoping Study. l’hc KrIr luscr uscs
nim’ final amplifiers, ci~ch gcncruling 412 kJ. Thc’ 4H0 bum-m+ arc trunsmittcd through
h(’liurn to rcducc 1OSS(Wund nre dclivorrd to tnrgct, through u series of buildings
drsi~ned for rndiution Ruf(’ty. !lW Expcrimrnt Ar~8i~is locntcd unclmground f:)r cost nnd
Nllfl’t,y rCil~Gitn. IASNHX ciilculilt[~~ tl][il th 3-MJ Krk’ liis(~r-driv~~f] I,MF will h[IVLI UI~
indirect-drivr L:lrgrt yirld of 400” M,J, ‘1’hr totiil rst.imntrd cost of t,lw I,M F in 19!)2 doll:]rs
is $921 nlillionm
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Table I
~ Target @2d.6UitiOKlS

ter
Driver energy on target
Number of beams
Illumination geometry
Number of beam cones per side
Beam cone angles
Fraction CJfbeams pe: cone
Beam quality
F number
Minimum spot size (!35% of energy)
Bandwidth
Pulse duration (peak power portion)
Pulse duration (total)
Pulse dynamic range
Calculated capsule yield (LASNEX)

*

480
2-sided indirect
3
35°,55°,65°
2070, 40%, 40%
s1O xDL
l(x)
450 pm
0.5%
6.5 ns
53 ns
200:1
400 MJ



Table II
ultimate Amplifier specifications

ter Valw
Amplifier width 160 cm
Amplifier height
Amplifier pumped length
Operating pressure
Pump rate
Pump duration (flat portion)
X.ryptOn fraction
Argon fraction
Fluorine fraction
LOSSfactor (to shadowing, baffles, etc)
Back mirror reflectivity
Output window reflectance (per surface)
Output window internal transmission
Initial small signal gain
Initial nonsaturable loss
Initial saturation intensity
Amplifier output energy

480 cm
500 cm
1 atm
190 kw/cms
1080 ns
80.00%
19.47%
0.53%
17?0
96%
1.59’0
98%
2.61%/cm
0m39%/cm
1.49 MW/cmz
412 kJ



Table III
KrF Lasedlriven MF Cod EstinMte

Total
Estimate

Project Office 125.11
;:: Site Improvements & Utilities 6.16
3.0 Buildings and Support Facilities 160.69
4.0 Driver 296.29

Experiment Area Equipment 59.00
::; Support Systems 19.80

Escalation ta 1992 dollars 68.37
Contingency (25,2%)

TOTAL - CWT (tiOIE) $921



Figure Captions

Fig. 1. Schematic of the KrF laser-driven LMF. The final two amplifier gain stages in
the system are located in the Large-Amplifier Building. The Decoder Building
contains the input and output arrays for the amplifiers and the decoder for the
angularly multiplexed laser system. The Transition Building provides the
turns of the laser beams and the shielding necessary to reduce neutron
streaming up the laser. The Roundhouse Building provides shielding and
turns the beams downwards through the 480 holes in the floor into the
underground Experiment Area (not shown).

Fig. 2. The underground Experiment Area for the LMF.

Fig.3 The amplifier staging concept for the 3-MJ LMF uses three parallel arms after
the front end. The amplifiers are shown shaded, and the interstage transport
efficiencies are shown in circles.

Fig. 4. The LMF amplifier module uses Marx banks and waicrline peakers to power
the electron beam that pumps the KrF laser.

Fig. 5, Nine ultimate-gain-stage amplifiers and three penultimate amplifiers are
located in a single building. Removable grid floors are used for maintenance
and removal of the amplifiers.

Fig. 6. Layout of a single bay in the I)ecodcr Building showing the beam paths.

Fig. 7. After rccollinmtion and decoding in the Dccodcr Building, the beams are
directed through the Transition Building to the sermcircular mirror ilrrays in
the Roundhouse, wk,ich direct~ the beams down into the Expcnmcnt Area.
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# Tcr arm 2

3.0 J Thin film
Eooster Amplifier

Front
End 3J 0.6 J G=77

20 B 20 B 135 na 46J

v

‘b

me
3.BJ 600 kWlcm 3
lB 1600 Torr

10x Encode 2x Encode 0,6
To ●rm 3

Antepenultlrnate (APU)

G=20 ~ 0.83 kJ ~ 6
540 rm SOB “

eOB 16.5 kJ C)P=w
400 kWlcm 3 600 kWlcm 3

Q
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0.6
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2x Enoodo

0
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10S0 rm
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1080 rim 750 Torr



Marx

Waterline Peakers

-Guide-Field Magnet

Laser Cavity

Diode Box

- Window



Access Catvdks

30 m

I/

Fia 5-.



Separation and

Recollimation Array
~eruhi~ate Decoder
A~pj;fier~ Mirrors

\\\

s-

1
1

... ,.. ... ..... ,.. .,, .... ,.
--- _----- ______----

- j,

---- -~.::----- @----------“\

i
___m::===--==----::::: n== #-- --------

‘~ :.e=-~~::
- --+b~==..e==zI:=--- 5---- - _.+’

m:
--@=...::: -- -_

‘! ---~
a

@-------- --—b— -------- --- -—
‘k ‘.

.,/
,., ,,.’, .,’

!
., -.—

/’ \ \
JTm!e Turning

!

~m~!~!ie~s Array Stations

Helium \ Decoder
Enclosure Building

Turning
Array Stations

.,, ,’.,,, “., ..”.,. ‘..,’.!, .

----“’J-/---------------
1

/,, ,, ,,,.. ,,. ...’ .,, .,. ” ,.,’

Fig. 6



./

Transition
9uilding

Wn

Turning
Mirrors

Array

Turning Roundhouse

\

He Enclosure

Annex

Door

Fig. 7



IMPROVED KrF LASER DESIGN FOR THE
LABORATORY MICROFUSION FACILITY

D. B. Harris, J. A. Sullivan, J. H. Pendergrass,
N. A. Kurnit, E. A. Rose, and J. McLeod

Los Alamos National Laboratory
Los Alamos, New Mexico

14th IEEE Symposium on Fusion Engineering
September 30- October 3,1991

San Diego, California



Introduction/Summary

An updated conceptual design for the KrF laser-driven
Laboratory Microfusion Facility has been completed

● Laser design improvements include:
improved !aser pedormance calculations

- larger amplifiers with mor~ compact pulsed power
more compact amp;;fier stacking arrangement
more compact decoder

● Experiment Area improvements include:
- better neutron shielding
- better control of neutron streaming

improved access to target chamber after experiments
- improved target petiormance calculations

● A computer-aided design code was utilized:
to ensure clearances and space for all beams, optics,

amplifiers. and other LMF components

● Bechtel performed an independent cost estimate
Los Alamos



Outline of presentation

● Brief review of previous

● Description of new LMF
- ovendew

LMF design

design

- large amplifiers and their petiormance
amplifier stacking arrangement

- revised decoder layout
- transport of beams to target
- e~,pe~j~e~t area

- target design

● Bechtel cost

calculation

estimate

Los Alamos



The Laboratory Micro fusim Facility applications define
the facility requirements

Applications:

Develop high-gain targets for energy and defense missions
- Pedorm weapons effects, vulnerability and survivability

experiments
- Peflorm weapons physics experiments

LMF Requirements:

- Yield of 200-1000 MJ
- 2 shots per day

1 high-yie/d shot per week
- Experiment area suitable for petiorming the above applications

The LMilFrequirements then define the driver requirements ~



Original LMF design used four laser bays
and an above-ground experiment area

----



The improved LMF design is more compact and
lower COWthan the original version
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1.!VIFamplifiers use segmented pulsed power, diodes,
and windows. Calculated output is 400 kJ.

MARX

Waterilne Peakers

‘GuldoHeldMagnet

ldwerCavfty
Diode BOX

10 1 1 1 1
1’

I 1 I
1“

I I
I

1 I I I
I

1 1

Prediction cuwes were generated from Leland’s
3-D ASE code using input from the Los Alamos

8 ~ kinetics code.
“’’”l.

c WallReflectivity=0,1 1
E6 –

:
allRellectivNy=0.2

~ Sullivan’sdesign code-4 —
;

.

0 “ I I 1 I 111 I I 1, 1 1 I I 1 1 1 1 I 1 I I 1 I I I 1 1
0 ().1 0.2 0.3 0.4 0.5 0.6

Iln (MW/cm2)

Amplifier parameters:
Pump dimensions l.6mx4.8m x5.0
Pump rate 190 kW/c~3
Pump duration 1080 ns

Los Alamos



Nine final amplifiers and three penultimate-gain-stage
amplifiers are arranged in a compact architecture and
located in a common building

I/

Los Alamos



Folding the light paths in the decoder makes the
Decoder Building more compact
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~lan view shows the three-bay decoder layout and the Large-Amplifier
3uilding. Side view shows the stepped decoder optics
ncreasing in height as it extends into the Transition Build!ng.
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Isometric view of three-bay decoder shows separation
array opening into Transition Building

Los Alamos



The Transition and Roundhouse Buildings provide
shielding and reduce neutron streaming
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Entrance to Roundhouse from Transition Building is
through neutron apertures in shielding wall——
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Roundhouse Building houses 12 tiered semicircular rings
of turn mirrors to direct the beams down into the
underground Experiment Area

Side View Plan View
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Underground Experiment Area for indirect-drive targets
promotes safety
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LASNEX calculations of target performance predict
target yield of 400 MJ

.

Driver & Taraet Specifications:

Energy
Number 0! 9eams
Il!umina?ion Gemetry
Number of cones per side
Beam cone anales
Beam auali?y “
Min spot size

9andwidfh
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2-sided indirect
3
35’,55’, 65=
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Bechtel performed an independent ?~ : assessment of
the KrF laser-driven LMF

Cost Estimate
(1992 M$)

TOTAL LMF COST 921 i

1.0

2.0

3.0

4.0

5.9

6.0

Project Office

Site Improvements and Utilities

Buildings and Support Facilities

Driver

Experiment Area Equipment

Support Systems

Escalation to 1992 dollars

Contingency (25.2?40)

125.1

6.2

160.7

296.3

59.0

19.8

68.4

185.3

Los Alamos



L-i summary

An updated conceptual design for the KrF laser-driven
Laboratory Micro fusion Facility has been completed

c Laser design improvements include:
improved laser petiormance calculations

- larger amplifiers with more compact pulsed power
. more compact amplifier stacking arrangement

more compact decoder

● Experiment Area improvements include:
- better
- better

neutron shielding
control of neutron streaming

improved access to target chamber after experiments
improved target petiormance calculations

● KrF LMF compares favorably with other drivers:

Driver EnerqY (MJ) Target Yield (MJ) Cost (M$) 1
KrF I 3 400 921
IW:glass j 5 200 952
Light Ions ~ 22 1000 1,’74

I 1 #

Los Alamos


