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Solid state lasers for fusion ex

power ta small (approximate

1 mor more. This redu{rement p1aces stringent 1imit§vdpon the optiéai

quajity, resistance to damage, and 0Vera11 performance-of the sevoratvmajort'
'A;'components‘-- amp]itiers Faraday 1so1ators, spat1a1 f11ters -- 1n each amp11—
"fier trainﬁ Component deve1opment centers “about ach1ev1ng (N h1ghe;t func- :“ﬁ
;t1ona1 mater1a1 f1gure of’mer1t (2) best 0pt1ca1 qua11tv, and (3) maximbm
;;res1stance to opt1ca1 damage Spec1t1c examp1es of the performance of 1arge S
‘ aperture components - w111 ‘be- presented within the - context of. the Argus and

irSh1va 1aser systems wh1ch are present1y operat1ona1 at Lawrence L1vermore

Laboratory. 5h1ya»compr1ses twen~y amp]1f1ers, each of=20 cm 0utput~c1ear
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. energy at. the target -to acceptab]e levels; .and-large: turn1ng m1rrors (up to

for beam and target d1agnost1cs.

I. Introduction

B 50 cm c1ear aperture) must be capab1e of . accurate]y po1nt1ng and center1ng the

beam on the target Focus1ng lens, wh11e perm1tt1ng “1ook through" capab111ty

It is not the 1ntent here to present amp1i-

7?f1er,,rotator, and, Pocke1s ce1] des1gn rules and funct1ona11ty, rather, atten-
o t1on sha11 be focused upon the’ 1mportance of component opt1ca1 spec1f1cat1ons
to 1aser performance. These W111 be d1scussed W1th1n the context of both

present (Argus Sh1va\ and p1anned (Nova) systems \1’2)

: So11d state systems 1ntended fo‘,h‘gh power operat1on are character1st1-f

'?),




C1I. Non11near Se1f Focus1ng

Small 1rregu1ar1t1es An the beam spatial prof11e grow exponentwa]]y w1th
further propaqat1on through g]ass tomponents The rate of growth depends upon‘
the characteristic spatial frequency of the irregularity and the details of
component spacing in the chain itsélf. Swiftest growth of beam modulation
occurs exponentially with argument B, a parameter numerically equal to the
nonlinear phase retardation of the beam (relative to;its phase after passage
through the same thickness of a linear refractive index material). 1In turn, B

is proportional to the nonlinear refractive coefficient of the glass, the beam

) 1ntens1ty, and the thwckness of the components a]ong the opt1ca1 path Exper-

iments show(l) that B must be 1ess than {about) 3 between sequent1a1 spatia]
fjitets'in'order to ayotdmtatastroph1case1f-focusing instabilities (this fact
has a'pkotound'tnf1uence upon solid state‘tasen chain architecture). Conse-
quently, in order'to3rea]i;e max fmun bEam’power for a fixed aperture, the
number of components, their thicknéss,tand their nonlinear refractive index
n2 must all be minimized. The latter parameter presents the most signifi-
cant leverage in increasing system pertormance. This fact has driven the
development of nEWns1ow n? glasses for laser amplifiers.

The disk amp11f1ers used in Argus and- Sh1va are made from silicate-glass; -

which rema1ns the most WIdely used g]ass 1n laser amp71f1ers today More

= recent]y; phosphate g1asses, w1th=a 1ower»n2 than s111cates» have been

"*'keytens1ve1y developed and employed in 1arge systems. F]uorophosphate glasses,

"#4}-w1th st111 10wer n2,‘are be1ng deVeloped for. use in- the 1aroe Nova laser
'fac111ty, wh1ch is present]y under construct1on at Lawrenca Livermore

~-Laboratory. Tab]e 1 111ustrates material figures of merit for each of these

laser amplifier host glasses. Also shown are represgntative cross-sections
for stimulated emission for the 1 um Ng3* transition for each glass. The

characteristic cross-section significantly influences cost-effective laser




cha1ns A-Full discussion of thesegdes1gn issues 15"”'*"

-'beyond-the ' scope of th1srpaper

Table 1

Silicates Phosphates F luorophosphates

1.0 1.4 2.3
2.7x10-20¢m2 4x10-20¢m2 2.5%x10-20cm?

Spatial beat noise can originate from optical imperfections in the compo-

. nents (bubbles, strize, etc.) or on theif surfaces. We have identified the
h?majprisopreetptisma11¥sca1e'modu1ation to tie small {typically 200 um) damage
é%iés These occur most frequent1y on the surfaces of amplifior disks, where
1thear -presence 1oca11y obscures: the beam Beam spat1a1 modulation is thus
‘acquired through-diffractive scattering from thiese obscirations.
We have made careful counts(3) of the hﬁmber and size distribution of

" these scattering sites, ‘and “We. have mode]ed full nonlinear system performance -

u51ng the stat1st1ca1 resu]ts gleaned from analysis of this data as the

,spat1a1 no1se generator for our. system s1mu1at10n code.(4) The corre]at1on

‘between- mode] ca]culat1ons and observed near f1e1d modulat1on s

F1q"e 1- 111ustrates ‘this agree

for the Argu 1aser output beamn when

= fﬁ“operated at three representat1ve power 1eve1s. The corre]at1ve parameter for .g{

';'tbest system performance f1t to obscur t1on co”nt statwst1cs 15 the fractwonal

'~£'obscured area per“d1sk surface, thws umber is. typ1ca11y 5x10™ 5. Obta1n1ng
' ;fand ma1nta1n1ng th1s degree of«opt1ca1 qua11ty is an exacting fabrication and

W;assemb]y task.




A]l ]aser cha1ns exh1b1t an. opt1ca1 damage ;"Hit”to'system”dutput"pdmer

from a f1xed aperture Components wh1ch exper)ence the h1ghest 1ntens1ty (or, w

fluence) in current ]aser amp11f1ers are the 1nput 1enses of spat1a1 fl]ters.fr

It is desirable to ant1ref1ect1qn ‘coat these Tenses in order to

Fresnel losses (typically 4% per surface); however, present State-ofsthe-art = -

AR coatxngs exhibit damage thresho1ds typ1ta11y a factor of two Tower than

uncoated surfaces. An order of magnitude: a1cu1at’on illustrates the prob]em

clearly.

',,;fWe;aSkftpr,the_magimumgheam'egergy in.a 1 nsec_pulse. at the output of a.

épatialtfiTter whose entrance~aperture is 20 cm d1ameter w1thout damage to
the ‘entrance lens. If this lens is AR coated, a typ1ca1jdamage threshold is
8 J/cm?. Proper optical desigh'ti.e., image relaying) ahd—frequeht spatial
filtéring will minimize, but hot ’eh"minate' s‘pat%‘zﬂ' modulation. Experimental
measurements  with typ1ca1 Argus and 9h1va beams - 1nd1cate, in fact, that peak—
to-average modu]at1on is on the order of 2:1 for fluences of a few Jou1es per
square cent1meter; thus one m1ght»expect that 4 J/cm“ average fluence will

~ not damage. therinput ]ens.— Exper1ments also show that one can reasonably.

‘“'ach1eve -an” 80% f1111ng ﬂactor (def1ned as the rat1o of the 1ntegra1 of the f”fQ‘””" T

beam enerqy dens1ty over

f11e Lompletely f1111ng,the aperture) Thus one m1ght expect 1000 Jou1es .

) ;through a0 o aperture f11ter w1thout damage. ) ; R P

Now, if - the 1nput

L:VIG J/cm g Repeatwng the above ca1cu1at1on ane f1nds that 1800 Jou1es can

v:be transm1tted through the saie filter for the same risk of damage (assiming
90% transmission). In fact; the dutput lens can be AR coated if the beam
expansion ratio of the spatial ttTter,ekééeds 1.34. In practice, this

strategy will require more energy storage and performance from the amplifiers

1ts spat1a1 prof11e to the energy in a flat beam pro-;;‘

t uncoated the damage thresho]d is typ1ca11y e




< for equiva]ent'output,p'rformance.‘ However - the- benef1tsxare e s1gn1f1cant

] that the concept of expanding spat1a1 f11ters w1th ent

~“i than one wave ofraberrat1on.(5) Exam1nat1on ‘of cw a11gnment beams 1nd1cates
'that this assumption is correct However for pu]se operat1on, the foca] soot
1s add1t1ona11y broadened by 1ntens1ty dependent non11near1t1es For exahple

the 90% included power ha]f-ang]e o for Argus or Sh1va at 2 Tw is ca]cu]ated

: to be 70 urad th1s spread in anq]e is caused by non11near propagat1on. _(For

. a d1ffract1on 11m1ted beam of 20 cm c1ear aperture o u 25 prad ) Inc]usion

" of one wave,ofa(spher1ca1’ sberration in the ca]cu]at1on causes an add1taona1

: arger apertures 1onger cha1ns and increase




target 111um1natwon ‘one_ concludes that aberrations and nonlinear effects must™ ~

o be educed as. far as poss1b1e
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Figure 1 _;

; : utb’utf‘bea'ni prd\fi‘les at 1, 2"and 3 TW. The bottom traces represent
: T1near‘1zed'scans through the diameter. of each of the beam photoqraphs shown at
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