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Abstnact

The Mercury KrF laser facility at Los Alamos is being built with the benefit of lessons learned from the
Aurom sys[em. An increased understanding of KrF laser engincc~ and the designed
implements! ion of systcm flexibility, wilf permit Mercury to serve as ● te.ubcd for a variety of ●dvanced
KrF tcc.lmol~ concepts.

INTRODUCTION

For acveral years continuing untif early 1991, Los

%% s$!%o:q%?l%g~o%%
key mnc+ts of KrF technology and to provide laser
energy for incrtiaf confinement fusion experiments.
The results of these tests were gcncralfy successft& and
key elements essential to the w of KrF lasers for
fusion research were dcmonstra[cd These inchdcd
angular multi Icti rapid muhibcam alignment to
tar et and
ec!n

L ge-volume ekcwon-beam amplifier
t chgy. Scvcraf features of the implcmcnlation
were, bowcvcr, of limited successj inch ‘

“Mersmb %?C”pwfmm’tq’ a ‘ti::’::i;;opt.d I.r+ an a comp cx umtrol syucm.

Since the original conception of the Aurora design,
theoretical and experimental work has generated
renewed interest in direct-drive targets, broad-
bandwidth and flexible pulse-shaping capability, In
order to investigate these KrF technology issues, as well
as to rovidc a cost4ectivc, reliable H target
facility L the Los Alamos laser-fusion pr

T
am, ● new

configuration of tbc Aurora Imser WM de med md is
cu.rrendy being implemented. The design is suffkicntly
different so L$ to warrant a new name, Mercury. The
Mercury system uses tboac wmpcments from Aurora
that were successful and rcplaus tbosc that were
mar ‘ al,

E
Tbc design decreases thC numhcr of

amp ‘ lcrs and reduces the e-beam vohsgcs and pulse
durations to improve tbc refiabili[y of the pulse power
systems. It also rcplaccs the refractive

r
ical system

with an alf reflective design, whcb alto d protidc a
much Mg.hcr beam quali:~. Finally, the nominal fixed
opaating pulse Icngth of 5 m wm replaced with
capability for an adjus(ablc pulse Icngth of frc~m24)0ps

to S ns. The combination of aborter pulse len@ and
improvyf focusa~il@ (approx XXImicxon spot SW) will
p~t. m m l~bl~ ~r output of 4 N at an
rnteasrty of 10 W/cm for the predicled nominal 1 W
that Mercury will be capable of producing. Thai
intensity level provides a useful capability for both
direct and indirect drive ICF experiments.

MERCURY DESIGN

By rsxking the number of arnpli!lcrs and by using each
one in a double-pass co~iatio~ the Mercury design
res As in umsidcrably

w
cr stage gains than obtained

●t Aurora. The prcchctc energy out UI (approx 1 k..l),
ihowever, is not much lower tbmr at reacbcd with

Aurora. improved reliability for the pulse-power
systems is being ●chieved

k
‘ reductions in the rhqc

IQkagcs, CUrrCllfS and ~ kngths (i.e., reduced
electrical stress), which provide iucrcased time-
bchvcen-failures for the output switches and busbinp
Madlow ~ mixing and improved gas flou
distribution m tbc ampWlcr laser beads will allow
future inve&#ation of systcm issues associated wi[h
bighcr Shot ratm (an importanl issue for inertial fusion
energy applications),

The partialfywcfractivc optical system from Aurora has
been replaced with an a!f reflective design, which
provides a much improved beam quality, Only tbrcc
com nents in the optiml train arc powered, and they

I’Oarc ong-radius spherical mirrors used ●t near -nnrm;il
incidcncc, AU optical components bavc modest
qmifkations for f

CY
e and arc readily manufac[urcd

by standard opti -fabrication practices. A cm. fr-l’
analysis of the optical train yields focal spots cnnsistcnt
with the eatablishcd optical error budget. Thi\
combination of ●n alf-reflcc-live optic~l sy3tcm and
doublr-pa~~ amplifiers is aimifar 10 the architectures

v’
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proposed for the Laboratory Mierofusion Facility and
other ignition-class KrF laser facilities.

TWO-PHASED APPROACH

Mercury is being built in WO phases: the 6rst phase
serves e.ascnti.allyas a dole-system desigt verification
t~ amd the ~nd phase as a straightforward
engineering completion.

Phase-II

A achcmatic diagram of the jinal phase-I.l Mercuq
laser system is shown in F&. 1. The front end consists
of an oscillator and several discharge amplifkrs with
multiple Pockds4Al switches generating a single pulse
of variable shape and duration. The remh.ing beam is
replicated U-fold with angle and time encoding (5-sss
hcamlet spacing) by aprturc division and is thc~
amplified in a double ass through a X2x 12 x 100 cm
ektron-beam-pum J amplifier (Al). This 12-
busrnlct trti is then further replicated 2-fold by
amplitude division and is angularly cne@d before a
double-pass t.bO

7’
a 20 x 20 x lm m intcllnccliatc

amplifkr (A2). iludly, cad of the two Wbeamlct
CDVCIOfYICS k again cc lirxtcd 2-fold by amplitude

Ldivisio% and is angular cncock$ for a double pass
throu@ the final 55 x 55 x 200 cm ampli.fkr (A3). The
rcsultmg 48 bcaxnlets then pass through an optical
“clerxdcr” system, which removes their time delays and
fomses all of the beams simultaneously onto the target.
This system is expected to deliver 500 to 100IOJ to
target, depending on pulse length,

Ph4xre-I

Phase.] will be a demonstration laser syslcm at the l(K)-
J lCVCLwhich will incorporate all of the important
dcaign elements but which will have a reduced number
of beams and a smalter kal amplifier ●perture. A
schematic diagram of it is shown in Fig. 2. In this
phase, only the front en~ fist c-beam amplifier (Al),
reduce.d-a rture final ampli.fkr (A2) ad a 24-beam

rversion o the reflective optical cystcm are utilized.
Essentially, the @se-Ii intermediate ampli!lcr is b~-
passed for phase-1, as shown in F’ . 2. During tlus
phase, Al will bc upgraded by t c addition of ●

magnetic field and ● rczonfrguration of the laser
chatnbcr/hibachi interface to incrcasc the small-signal
gain and the ah uniformity. in addition, the fron[ end

!wiil be ream rgurcd for short UISCgcncratirrn and the
reflective optiml F tcm will k installed, Thc final
am~lificr for &k #Lc will emsist of a hmcr chunbcr
wit a 4) x 35 cm aperture and a XBLM active length,
driven by a single-sided pulse-power system.

Expcr-imnts will be performed to demonstrate
focu.sabili[y, the required stage-gains, abort -pul~c

~nted hmlary 19,199311:11 q p2

energy ex!ractiom and the reliability of the ulse-power
L- all ●t levels reparable to. those in the al system.

(ThC
r

-1 final amplifier ss xmaller in aoss scztioti
than e phase-n =pWlcr an$ is only pumped from
one side, while the phase-Ii dew will be pumped from
two aides.) Effects of ASE on short-pulse energy
wdradion can be teAcd m the smal!er phase-l final
amplifier by increasing the rckbity of the walls of
the laser chamber.

Conversion to phase-11 will then consist of insh.lling the
additional optical elements rquircd for the sceond 24
bemmh replica “

7%
the pulse-power of the final amplMer

lo prcwide dou -sided pump~ repla ‘ the m
Yarlaser chamber (A3) with one of a aorncwhat- ger size,

and installing the ,phasc-1 final amplifkr (A2) as the
phase-11 intcrmedate amplifier (AZ). AU of these
modifications would esent.ially be engineering
replications of tested hardware X@ thcrcforc, should
have a high probabtity of SU-SS.

A detailed description of the &sign and prcdictcd
performance of the phase-I system is contained in Ref.
3, The principal qwifkations (for XIOps pul.c
operation) arc summarized in Table 1.

LASER MODELING

Predi “
T

the laser performance of ● KrF ampl!illcr
rquircs
phcnomen~Pde@ ‘f a n~~r of different physicalWe do not rntcgratc these sepu atc
proccsscs i&o onc large cmmputer axle but, rather,
treat each of them separately in an iterative fashion.
Thc steps that are followed generally involve
computing:

the pulse-power and diode performance
;: the e-beam deposition in the fascr ga~

3. the partitioning of the deposited c-barn energy
into the initial molecular excitation of the laser
mcdh.m

4. the complex kinctica of the excimcr Iascr
medium

5. the amplifkd spontaneous cmksion (ASE) that
is prorhrxd

6. the energy that is extracted by the input bc”w, in
the prcacnrx of ASE.

In an earlier papsr,s the models used for each step bavc
been dcscribcd and the pulse-p.>wcr performance and
cner~ dcpositiorr of the Mercury systcm wrrc
presented. Wc will not repeat that discussion here I-WI

will, instead, briefly describe the ASE rnnd cxtractcd
cncrgics predicted for the systcm (i.e., steps f and {I).

Arnplificd sponlmcrm emik.ion (ASEI) is, an
important, ●hhough n(~ dominant, fact(>r in modclin~
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large KrF laser% mpceidy for short-pulse operdon,

-tit = ha. &loped an Cxtmssive As,
smdc s tha as demonstrated general agreement with
expcriment$$ The code uses an iterative procedure to
* ●t a aclf-eonsistenc atcady~ate adution to ~ Y
D distribution of coherent and issdsercsst fluxes within
* amplif5cr. *pass energy utraetiosL apcdral
distriiutio~ walJ reflcdivity, and non-uniform
tiation arc i.ncfudcd in the model TbC inpul
parameters umaiat of tbc amalf-signal gai4 gain-to-10M
ratio, saturation intensity, wall reflectivity, and the
arnpliflcr dimerdms. The mode] predicts the effects of
ASE on unplifkr performance. N edeuhstcs the
rcdudion in the measured small-signal * the
external ASE that wilf be observe~ and the energy that
can be cxt.raeted from the amplifkr. A rmmplete
description of the ASE model is given in Refs. 6 and 7,
and ● more thorough discussion of ~F lasers is
cmntaincd in Rcfs. 4 and 10.

For the Mercury system, two models (quasi-dynamic
and Wydynamic) for the ASE and cncr~actiorr
have bn employed, ~e quusi+uarrsic mode! uses
the 3D steady-stale analpis for the ASE and a time-
dependcnt analysis for the puked cxtraelion, It
assumes that 81ty ehqcs in the ASE during thC
extraction process ue slowly varying Since ASE is a
svhmc-uvcruged phcnorncno% this ●pproximation is
thought to be justified, For longduration laser pulses,
there is little doubt that this approach is vahd. (Long
duration implies laser pulses lorsger than about 3 ns for
our case in which channel-trAm.ncl acparalioo is 5
as.) The energy predictions of this model for !hs5
pukes arc shown in Fig. 3 for phase-l under the
pumping eondi[ions in Tabic 1. An output of 12 S
J/beam is predicted for the cxpcctd A2 input of
●pprox 80 mJ/bcarn. This would correspond to a XtO-J
on-targcl energy. (Transmission from ihe A2 amplifier
tO target is assumed to be ?@%.)

S-iowcvcr, tAere was -e question ●bout the accuracy
of this quasi-dynamic model for the ahortcst Mercury
pr,dscs (i,c., a train of 2iM-ps pulses, separated by 5-0s,)
COoscqucntly, a more Ji@@mwnir rncsdcl was
developed that incorporates timedepersdcncc in &-NII
tbc ASE and extraction. (In this case a psucdo 2-D
gcomclry is used and wall reflectance is further
qrproxirnat cd.) F@rc 4 wmpnres the predicted
cncrgics for the two models for phase-l with 20t.)-ps
pul.cs. Good agreement k ohcwcd, thus
&monstratirsg that the quasi-dynamic model k
generally vaIid, even for the short-pulse case. For the
nominal .30-mJ/bcarrr input 10 A2, an output of 6

- JamUUY19, 1W3 11:11 ~ p3

J/bcarn k prcdidd wit-h a totaf on-target cncrgj of
about Ml) 1. lt is also seen from this figure that for
ads ● train of abort pulse%ASE reduces the uxrpMlcr
output by about 48%; this pemalty is much smaller for
the case d a train of Iotsgcr 5-sss pulses. Comparison
with Fii 3 indicates that * XKPps output u ●bout
50%ofthatobtAnd wit.hthe kmgcr5-nspuks.

F*, Frg. 5 shows %s-pdse output energy for the
b.al A3 amplifier for Phaaz-11, as prcdidcd by the
atcdy-state model. The qgtlrc indicates an output
energy of 37 J/beam for a ~j of 4.0%/em and an input
d 2 J/beans, which eorm+csnds to ● total on-target
energy of 1 LI. Output for 200-ps pulses will be
somewhat kss. However, there are at present a
number of design unecrtaintics in both the gcomc~ of
the system (e.g., the exact &c of the A3 aperture and
tbc kngth of A2) and in tic pulse-power and laser
parameters (e.g., e-bcun transport efiacncy and the
amalkignd gain). These questions will be rcsofved by
phase] cspcrimcncs before the phase-11 sqrgradc is
initiat cd.

RECENT PROGRESS

At prescn~ the first phase of Mcreuq is about 6W
complct c, Thc front-end msnponents have been
rcamfiicd into ● more flexible systcm tith faster
Fockcls cells that ean generate ● rich variety of pulse
kngths and shapes, as demonstrated in Fig 6. A

3 ~ ShOWUthat the XtO-pspreliminary experiment
pulses arc effcdivcly propagated in the c-beam
amp~~ers. The Al ampliflcr has bt~n upgraded as
diaeussed earlier, and has uodcrgmsc cticnsivc pulsc-

powcr testing The obacrved improvement in the small-

- @n CXCC* that required for nominal
~rformrsnce (F% 7). Energy extraction tcs[s on Al
are about to begin

For tfsc fIISA! amptilcr (A2), ● new uthodc and a novel
high-trus~mkion hiba~i arc being fabricated The
puke-forming tine and Man hank have been rebuilt,
the laser bwr L\ eomplctc, and pul~cpower tests arc
under way. The Iargc A2 windows (47-cm square) ha}c
&c n rectivcd and satisfactorily teslcd, and thr rnirr~lr
(64-cm diarn) is bcirq pdis,md.

A prckrrinary single-bcurr ocus test hir~ hccn
Jcx-mductc.din which a 7 x 7 em beam was propiqzirtcd

through the cnti~c sy+lem (front end to target), cxccpI
that [hc arnplihcrs, together with their window~ ant!
mirrors, were by-pm~cd The spot in the tar~cI pl.~~r
had u mckwrrcri diameter of 122 urn for W“; rncit~ Ird
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energy. This spot was dominated by astigmatism from
components early in the system, which can bc easify
corrcctcd to yield an cxpcued spot for this tmt of SO
urn. Both the prcscnt)y-mcaaured aod uft.imate spot
sizes are wclf within the estimated dcaign value of 150
urn for the present tew ccmfigwation. This implies that

A. complete Mercury system shodd produce a focaf
spot wdf within the XD-um kign spccifhtion.

IWO bcun-diagnostic stations have been dc.aigncd and
are being installed at the inputs to Al and A2 Each
station wilf bc capable of simultaneously mcamring the
totalenergy in 12 or 24 hcam% the energy in each
beam, tic power in alf beams at low rcsolutio% the
temporal puke ahapc at high resolution on several
beams, the spatial profile of each barn at low
rrsolutiorq and the beam quality of any siaglc beam.
Thu Mercury will be ● WCUcharacterized systcm that
k thoroughly modeled from cad-to-end.

CONCLUSION

The Mercury WF laser, which is presently under
constructicm at Los Alam% has ken conservatively
designed to be a flexible, coatcffcctivc, and rcliabic
system. This laser WilJserve as a tcstbcd for a variety of
●dvanced KrF tech.nology concepts and will also serve
as a local target facility for the Los Alamos incrtial-
fuion program.
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TABLE. 1 Puke-Power and laser specifications for the front+nd (FE) ADdAl and A2 ampli.ficrs fe* Mercury Phase-1 witl 200-
pulses.

PuIscd power parameters:
pump duration [ns]
voltage [kVj

4

cathode size (LX H [cm]
e-beam transport c Iciency
●vg J on foil [A/cm ]

Laser parameters:
gm pressure ~orr]
●vg pump density [kW/cm~
gain volume (Lx H x W) lcm]

)5
●perture H W) [cmj

7

[dun]
~ !%/cm]
Uo%l

Extrad.ion parameters:
number of beams
beam-to-beam angle [mrad]
input beam & (H X W) [cm]
pulse width [m]
pulse spacing [ns]

total E in [J]
I in (peak) [Mw/an*]2
Finpcr km [mJ/cm ]
energy stage gain
F out r bcarn [mJ/cm*]

r1 out peak) [MW/cm~
total E out [J]

t.rxnsmissicm to next stage
total E to next stage [J]
total E [Otarget [J]

EE

2

3.0 x 2.5
0.2

2.0

::30

0,45
0.o135

<table corrcctcd January 19, 1993 11:30 AM - C? >

Al

%
1(K)x 12
0.66
20

900
175
100 XI2X17
11x 11
3.2
4.5
10

Y3
7x7
0,2
5.08

0.0135
0.11
0.0?2

2?
14.6
1,77

0.43
().76
—

A2

475
5543
20 JX40
0.40
18.0

600
104
200X40X56
39x 41
3.2
3.7
10

24
2.6
%X38
0.2
S.08

0,76
0.11
0<021
190
4.1
20.5
140

0.68

100
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FIGURE CAPTIONS

1. Mercury Phase-11 schematic. hgular crumdktg is not shown explicitly X2beams arc
amplifie.d in Al;24binm, and48- inA3.

7-. Mercury Phase-l Scimrnat.ic. Angular ending is not shown explicitly 12 beams are
amplifled in Al; and 24 bc.ams in A2.

3. Predicted N output for phase-1 with 5-ns pukes with a ~ of 3.7 %/cm. An output of 12.5
J/beam should be obtained for am input of 80 mJ/beam.

4. Expected short-pulse (2Wps) output from A2 for phase-l. An output of 6 J/beam should be
obtained for an input of 30 nrJ/bam. Predictions of the two models agree. Upper curve is
the pcrfomnance that would be obtained in the absence of any ASE.

5. Predicted A3 (56 x.%x 200 cm~ output for phase-11 with 5-ns pulses. An output of 37
J/beam should be obtained for an input of 2 J&am.

6. A tiety of lCF-relevant pulse shapes and durations have been generated with the new front
end,

7. krcascd gains (tcp curve), exceding the rwpirtd design poing have been measured on the
rebuilt Al ampli!lcr. Lower curve represents previously measured gains when this devicz was
used in Aurora.
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