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Target Imaging and Backlighting Diagnosis

The case of an x-ray backlimhtinm inlti-e of a CH-shell target doped +,.\ith a suitable material. The imauinu then in\olvc_, a+ _ '+r., _" +,,+. _ '.+

iinplodcd by. the OMt_;GA {tp<,radc+ laser s\'steln, has been particular aloinic trtinsitl_m tH"thai niatct'ltil thai .gives i'isc ttl

calculated and arialvzecl. The .goal is it) obtain inl'ornltttion on either nlont>chroinatic cini_,sioil or absoiT)iion, t t_+v,c\cr, in

the conditions at peak conlr)rcssion, \\'hero the exptti+illlental thu case ofbtickli.ghtin_, illOnochrtilllalic illlak_in.gllltlSt hi.' used

constraints clue to ttuget sollLomission and required spatial oven in the at_sc'nc+ of a clol}ed la\'cr to ov0rcornu the back-

resolution ill'12maximal. Partictilar alieniiori is dc\'olod It) the .,_rOl.llldduo It) lal._ci cinission.

problem ol+di.scrinlinatin_ a_ainst tile tar-el self-omission. It is

shown that tills can he done by obtainin.g a inonochroillatic Wlleri i'_erlornlinu backli_htin 7 ilnaTin _, tile selF-emission

irrla<,o tit a single spectral line ornitted by the backliutltcr, oftho iina<,ud ttu_oi is nornlallv considered a Ilinclrancc arid its

Additionally. the lai',gel solf-enlissioil linage has I.iseful signa- supr)rc.ssion is ctmsh.1oied dosiral_l+. In llio tusl case sit)died

lures, which can be studied with or without a backli.gl-lter. Two here the backlightin 7 tilld sell'-einission illlata2cshappen to be ot

experinlental configurations,_ for i11onochronlatic inlat,iri_a._. arc comparable intensity.. This is till aclvantti7eous< situalioll be-

discussed: (al ;.ill x-ray nlicroscOl+O with a flat crystal nlOllO- cause the tv,'o iina.gu COltlpOllellls prcwicle conlrlielllClllarv

chroillator, aild (b) pirlliol¢ inla.ging in con]unctiori with a infornlatlon on the conlrnessloll and implosion unil'ornlitv.

curved cr)stal iTIotlochronlalor. Useful Jnl;.i.gesare obtaJl-ied

witli simple (uildopcd)OH-shell targets and without the need Most backli.glltirl<.g oxperinlerits in the past were loss thai-

for a sllort-pulse backlightor boani. Iongirl.g. Typically. they used softer backligliter iadiaiion
(,;L> 8 A) than w0 en\isat, o usin_ here. Solter i'adiation is

Tile nlotllod of X-l+a)' backli.ghtin 7 offers SO)Tietidvailla.ges Iioavily absorbed hy the shell so it Call only delinoaic tlle ouler

over metllcld._ orriployin 7 far.gel omission for tli0 sttidy of Stillace oI )he shell. This kirid o1 nleastlrenlelll CallnOl yield

compression and stability of lasor-irnph+ded tar.gels. One ad- reliable il+lorillaiion on the conlr>ression or stability. ,qofler

\anta.gt." of backiighting over emission inla.gin.g is tile poten- radiation is easier to produce in copious anlOUlliS, and the

tial to delirl0at0 illo iritorface betv,'eei-I tlle pusher and the fuel. iequirernents on spatial resolution irl iina<.,in-+<, )he t)uler stir-

This,, capability is 111orceasily realized if the conlpressed fuel face of the shell are l+lOle illodortite. Additionally, tile proD-

is ielativelv cold near the irilerface (i.e.. a tenlperaiure _.t,ra- lore o1 tar.gel self-enlissioil iri tliuse earlier experiments was

dierlt exists iri the fuel ). Such inforniatiorl can. in princirHe, nluch less sovele het.'titlse file self-emission of ti It_\v-Z pol\'-

provide a direct illi2aSl.ll'e of conlpression arid evidence of iner tar.get is n_ostly very weak, except l_r the emission tioin

;.tlly shell distortion, t:.nlission nlethods Call only delineale the tt hi_.hl) conlpressed core, Stlt.'h ;.is predicted l'or (-)Ml:.(-i/\

hot core, wl-licl-i 111ay consist o1 tlie fuel as \,,'ell tis an I,_Jl_._rtidetal_Ots.

irldoternlinale seclitlll o1"llie r)tishor. Arl additional ad\arlta<Te

is th0 ability to elloose a short-enougll backli<_,htin<, wave- Case ,<'qtudv<it' Experimental Parameters

lerlTtll (say. _. < ._ i_) to avoid too tligh till opacity; with We cliscuss tt'10 l'easibilii)' o1" btickligllting eXl-_eriments.

emission, th0 interface i'egioil is often not hot enough to emit u<,iri,g the I.ll.AC code For siinl.llatin_, tt candidate ()MF.GA

such short \va\elerigths. l._lr)Tiade tarter. The target is a polyn_er shell of t)4()-/+/lll diain

and +_()-J/nlthickness, filled \vith t4()atill I)T 7as. aild ilnlHocled

/\n iinp_lrtant irlgredient in ihc I+tickliThtirl 7 scllemes, its by ti irapezoidal pulse. The ptilse fist's linearly over a (). I-ns

discussed below, istwo-diinensiorial nl(lllochlomaiic ima<,irl-'+..._...... peli()d to 13.4 TW. theri remains COllSltinl lor "+"_ns. before

this added f0ature can be Iike\\ise al_plied to, and enhance, drt_l-q_in<,_,linearly, ovel a (). I-llS pcri_cl. /+H+,.I(" i'csulls \vere

inethods based on tar_ot en_ission. Mollochrt_lllatic iina_in 7 tlSOd l_i" ,,itnt.llatin_ the expeclcd backliul-II ima<,c for thi<, lc'sl+., _. _ &--

can be used to probe a ])articular laver in the target,<_which is _hol. lq-ule__5_. 1 ?,ho\\s tllc den<+itv,and clectrtln-telnpt.'rature
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profilesl+rcdictcdforthisl:u'.Sclal pcuk COml_rcssion.The _i\cnhv

shellmntcriall'u.,,sbeenCUml_rcsscdt,,_a mean rudiu>.,t_l"_._(i,UIII

und tllickr+cs.,.+of _.q),urn. v,ith a dentil',, in the r'_n._e uf /.:/,i = (e,4._4:4m<'lC_,/,!/_/2h_'_v_+'\'_)(2m/.n:Kl')I/2" " A.',. (2)

-I()--5() El,,-'m". corrcspc, ndin_ to a p_,,"valueuq"-0() n1_Icrn-.

'l'llc electron tCilll_erature in lhc shell ranb'cs from -X() to v,hcrc .k'l,/Js lhe t_u,und-lrcc (h.mnt l'act_'u. ,,zis the l_rincilml

-lli()(l cV. Most of the l",uckli_.,.ln radiation ahsr,rf_tit',n ,,',.'ill qUmllUlll I1unlhcr oI" the ul_st,hin,- level, und ],,1,i hu:-,h_ hc

oc,.'ur v.ithin the (..'tddor,outer part of lhi.,, cornl_rcsscd shell, calctilatcd ',cfxn'alcly f,.w each it, nit sf_c,,:ics. Igor lielium-likc

and hi.shcr ionic >,pccics. :4 is rcplucud I",y (:-G) 4. v,hcrc G is

the .";,later.'.,crceniri,,c..C(HlSt;.llllthalcquul_I ()._.for K-.'..J_cll
I()() ---,- , , -, r + I ()

- - electrons. Ne._lcL'tin._ the contrihulicm ltt Ihc opacity from
-- +_

_ l.-shcll und hi._llcr-shell elc,..'tron_, the tt_lal t',txluit): alon_

:_ various rays traversing the l_.ll'_Clu';.lll BL"llO\Vcalculated, u.'dn_

..:z thel.ll.AC'-f_redictcdl_rv,l'ilest',l'clectrondensil\'and tCml-_cru-

+'-I() -- I _ turc throt.t_li the htrEct To klloW the vat'itms N_ that _(_into the

- - _ It+calctllate the distrihuticm LtlllOllu the charuc xl+.ttcx(dc_rce.,,

+" _ uf ionizaticm). I\_ culculatc the char._c-.,,t;.ttc distrihutitm of
'- carhcm ions we make use (+I the 1:I't!_(lucal tllermodvri;.trnic

I ().I _ +
G. .5 equilibrium) model. The I.TE mc,dcl I_cc_m_csmore vulid _.ts

the pht,,,madensityincreases;.tndthe terrq'_eralLtreand the

atomic char,,c_Z decrease.These c(mt.litionsindeed fwev;.til

I within the cold. coinpressed part t+l"the shell, made of lov.'-ZILl -. ' ' '- I I + __L__.__0.()1 i+olyrner material. To verify the upplicahility of I.TE v,.'cuse
() 20 4() 60 _() I0() 12() 14() the com.lititm 2 ._ivcn by (;riem:

_,,,_ Radial coordinate (uml .+ -, II'
, ' N,.>

t:i._urc5N.I where/:+H is the iorliz;.ttion cner_y of hydrogen ( 13.59 eV ) und
The dora,it', um.lelcctron-teml',craturui_rofilc',predictedhv the I+II+AC"cndc #1is the lov<e._tprincipal qtl;.tllttlnl llUnlbel for \vhJch the level
at peakcmnprc_,,,itmfor theca:.,e,,tudiedin thi,, urticl...'. IX+pulatJ_m is still ill I,Tf': v<Jlh lhc CtH11JHl.ltlI11 (].C.. whose

pc.pulatiorl i.,, related to that of free electrtm._ hv the S;.tlla

Absorption Modelin_ equation). For +.ttypical temperature ud" I._() cV within the

A simplified pc_sl-prt+cessor code was developed to calcu- cornlm..'ssed shell, which is the i-:,rincipul al-_sc,rt+cr c,f h;.tckliglu-

late the transpt_rt of backlight radiation throu,._h the l+olyn]er in.s radiation, and v,.'ith Z = 6 and, = I. Eq. (3) t+cc_+t+t_esN,, >

tar.gel. The absorption at a wavelength ), in the CH material 3.2 x 1024 Cnl --_. This is well l_elt',v,.' thu predicted values of

c_msists of t_,vocontributions: free-l'ree (hremsstrahluri._) and N,. > I x I() 2.+'cm -d;.

bourld-free (photc.ionizatitm): ('dher +.tbsc+rptitm mecharlisms

(such +.isComptorl scatterinE), are ne,,ligible+ for radiation cd a We use the Sal_a equation t_+calculate the distrihutium cd

fev,.-keV ph_tonencr,gv. The free-freeabsorpticmcoefficientat carbon ion.,+ in the C'+4, C._"+-_. and C +<,char,-e _t;.ttc.,,. wl-ile

_.tfrequency x' (in crn-`t ) is ,given by i_nc_rin,_ lower icmi/.ations (which arc nc,sli,_il+lc even at the

Im,,,,'estcxistin,_ temperature, _g()eV ).The cllargc-nlalc (.tensi-

_. l_I : (J_: 2 (.,, _, ill/_/. 1,( .,,, 2 ,, _ )( _ ,,//_.1. )I/ _ /V(j/_, I ( I ) tic.,,u,'utllc,l ._ivcn Iw ttlu .,+orof cquuli,,n_:

'vh(_"O ,Jl_IiNthc |','C(._-I'rol._(;._,Llnl I'aCI(W(ql.lalltl.,,11 ccu'rcclioll). (N,,N+<"/N._ ) = [2'l.+n(T)l_.+F(T)]C21D'Ix'l'/h2) ?+/2

Fu,unmlti._f_ccio._r, tr_et.:"N,,N+isrcpl'duudhy N,+{:")/(: ) in

¢ient for K-shell electrons (in cm-I) in I'lydr_crFIikc iuns is c'xp -(/: " +-:+'-,:X/: `-+_') . (4)

5N l.l.h I++'ri_'u',XhlHm<'5,h'



/ll,'i,I I /_/_;1\_ _\1) 1_( I_11_,1111\_, /)l_,',,_lx

-, a pmiit-'ular I;112c1impl_._,,i,:mis (_nc <..:,i\in,..:an _)l_;l_.'il\_l--I in
/,\, +4) = 2z+._17.///..._(7.t-_:r.t_7/h-_)_/. _£_in<'_lhr,._u,,ll_lilt., l;.ll'_t-'l,ccnlcr al lllc dcsirt.'d lilYl¢ _fl pr_d:,in<_,..

lri Illin \,,a\ lilt irria,_'c \,,ill sll_,'_',,,,'I11¢ hi<_'llcr C'_l_;.icii\_:_in,,

cxp - (/:' +4 --3/: +4 n'T . 15} _gutt-'r_;._AL',v,CJ_/_t_ZIhc ..[!L_!c_'r__t_!_l';!C_cL_tt_""ll_c' ,.'_.21tLpuml3£f.

_lono_:hromalic ,,%hsorption lnlages

A,'_-'l + N +5 + N '(' = N(., (0,1 In l:i,-. 5,'4.2 v,c qlOV,' cxariIpIcs c,l" 111+,.'prcdiclc.'d innlanla-
-._ .-)

n¢ous backliglllirlg images ,._Ithe _.e,_-,,\ lirlc at various lilric.'.,

durirl_ Itll'_Cl cori_prcssion. Tll¢ al>sci_.,sais lh¢ lalcral c_,,rcli-

v,,'here ZiT) is tile i_altilltm Iurlctiori, l :+5 is the iorlizatiori retie irl lilt iili;.igc lll;.ulu. ;.I.",,Stllllill'_2 urlit ma,_,rlilicaticm. "l"llc
,.:ncr,_,voI" hvdrt+,.,en-liku carbon./:..+4 lllat o1 helium-like car- backliulltinu int-'idcnt illtensil\ is assumed to be unity. "l'arucl

bon. and N(, is the total carbon ion dcrisitv. Tlic rcclucticul iri scll-cnii,,.,.,itm \va,.,riot irit-'ludcd in this calculatitm. Tliu inla,-u_,

ionization erler,,ve.At:" is calculated bv ati appro\in'iatit'm _to tllc assurrlu that a mtmochrt+nmt,_r \vat, used l't+r tllC detection"
: the_rv of Stt.'\V_.lrl alld Pratt: 4 rrletllods o1 ll'itmc_cllr<<mlatizaticm arc described bclo\v. We see

thai iiiarliunl \va.'.,a suitat_lc choice for this U.ll'gCiimph',siorl'

= _. . --.v- . /71 iildccd, the opacity tllroU,_h the tar._ct CCllLCI" ;.it pt-'akconilprcs-

sioll IFi<' 5S.2(u)I is .+0.9. ,,\s a result the ._tbst_Xl+tit+rlthrou,,h

.v = ,"/._/;i. irl tcrrrls oF tile l),obvc radius :'/) and the irltcric, rli¢ the lal_cl_ center is \isJblv I__wi..'rtharl that illrcai'.,h_ th¢ lirrlb.

clislanco #',: lrhc opacity through lhc limb in Fi<g.58.2(c)is -2.3.1 The

i)osilion of ille illinimtllll in ih0 cur\'c' (lllaXilllUlll absorplioi])

'7, I_,-r/N,.(I+(:))]';-_ )i/3- • "i--(3(::.)/4IrN,, . (<"4i corresponds apl"Jr<_ximaicly t<_Ihe lucl-shcll in_criac¢: IlC'\V-

ctlrcr, il iS slightly' l;.irgt-'r than lho illlcrl'ac¢ i'adiun. Thus. the

li should bc ilolod il'lal Io calculalc il-lo thai'go disiribuiion. \vc illinilllUnl O1"the 2.87-ns t'ranlo 1t:i7.5_.2(c)1 i_ al a radiu.s oi"

flood It+ know <_:) Jtl [7,q. (8), \vhM_ calls lor an itcrativc -581lm. whJlctheirito:'f'dcc(FiT. 58. l)isat'dr'<idiuxot+-,t511rl+.

solLItiOil. To simplil'v the calculation wc aclopl the LILAC" \'alu0 For IltlnuiTeilCOUS _hulls, the clip irl ih+ backliThi iilUi._c \\ould

of (:) for [q. <81. since the reduction ill ionizaliorl CilOl._y i_ cori¢._t-loild io +i line tll .siTlll lllai i.,, lail_Clll l(i ihu lucl-sht-'ll

ncecled only as a correclion in llle calculalion o1"lh¢ ellargo Jntcrl'a¢c; thi_, diructiori coi'resptmds to iht-' Itm._csl ellord

clistrJbiilion. Usin,,_. ihe resultin,,_, densities. \\,e can readily tllroui,h=. the iargcl, lhcrelor¢ 1o ille hi,_,he.,,l,opacilv.. The main

c.'alculalc lhc - a\Cl'a_o.',;,as well as lhe lolal boLirid-frcc opacity rca._on for lllis dilTcrent-'c is lhc I'acl lhat lhc inllcr parl _1"tho

shell i<,hot and ha_,lower absorpliorl (addili_lnall\'. the dc'nsilv

k/,I. = N +4/,,/,I._I+ N+5kl,t ..5 (9) al ltlis lime puaks ol.ilsidc lh¢ illlcrlacc radii.l.,,). This dilTcrcrlcc

vi¢ld_ an uildcrc_lirrlal¢ by a tacl(ir (ll -) ill lilt derived

\\here ki,L4 is the bound-l'reo opa¢ily duo to ihc helium-like cim_plcsscd density. Ill ca.',os where lhc clcciron-lenll_cralurc

carbon ion, and J"l!l;5duo Io illc hydro._en-Iikc carbon ion. pr(_lilc ix iliorc cenll'ally peaked, ihc alls()rl_li(in-tlrolilc Illilli-

mLIlll \rill yield a \'altlo clo_er til lhc corru'cl clonsily.

For ihc _ilnulalion wc c:llooso a backlighi wavclcnTlh oI"
,..) ,.)
,.6_ i\. corresponding Io lhe Is]/)-ls _ line o1 Pi +21).When To n]inirnize lhc ,,incaiin7 cflcci cluc I(i liillc inlc{!rali()n, a

irradialin,_' _.itilaniLilri backli-Iller lai'_ct, lhis _xill he ihc slroil- frainiri,, t-'alllCl'd (_'allbc enlphwcd behind ihc inla_in_ dcvicc_-, _ &-,. . .,.. _ .

gcsi line. _,vilh a rclali\'cly h_\v I¢\'cl o1'undorlyiri_ ¢OlllillUUlll In fill.,, ca:,o, only one l'l'anl¢ c.'an }"it."Ca_,ilv i.lt.'t.'Ollllllod;.llcd

radiation. _ \Ve axSi.llllC lhal lho backlighler is irradialcd by a b¢¢aLiSCiho various l'r;.iillcs in a l'ralnin._ ctinlol';.i ;.ir¢i't.'c_)i'clcclal

sin,glc bCalll, identical to ;.ill (_M [:/]GA {IpTi'aclc boa.till with till \'al'ii)tix spatial directions. \\'hcrl.'a_,h¢lC only _mcclir¢clion will
Cllel'_y of 5(}0 .l and the _.illlO pulse dl.llalion and shape as vicld lh¢ dc',,ircd illla,,c" ihai _ivcn by ihc line c(UlllOClin_ ihc

doscribod abo\¢. Vv"c lurther a_sunl¢ a backliThlcr l'ocal .Sl)Oi main and backli_hlcr iar_c'l._, t-_i.<_'i.ir¢58.2 indicaicx lhai durin_

o1" }5()-j/nl dial11. ,_,i\'in,, I'i_¢ t()tin irradianc¢ o1-I.4 x I() 15 a pci'iod oI-I{)() p,,, i.lrotilld peak c(l1111_lt.'s_iOll(troill -1 ,__.8 l_

W/tin 2 This diain¢icr is _,ulTicicrill\ lar,,c t'or Jnla,,in,, lhc -'_ 9ns)illcl_:.lckli_lllJnla,_,¢chan_¢s\'cr\ IJill¢ Thcr¢l'or¢.lhu'• _ _" _- --. _ _ _ •

core ai l)Cak conll)re_,nioil at which liin¢ lllc Otllcr shell dia- lncthod used il_ _blain iiinc rcslql.ilion need ilealachit.'\c bcilcr

incicr ix only - 120/./Ill. Tllc opiiirlal choit-'¢ _1 \vavclcn,_lh l'or lhan -5()-pk l'U'_lllulilm I l'_lr i_robin,_,peak m_unl_rt_'x,,ioni
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t{\',inlpl¢,, ol the prcdiclcd b'acklii2hlill_ illl;.igc,, al x;llilqi <, linl¢,, chllill_ the COllll_lC,,kltlll. The b,ickli_hling illC.'idclll IIIIClIMI\ _._.;i,,lltll'lll.:lli/c'd Ill tillilX.

Miqllwhlonl;ilic biicklighlcr _ ;i,, a<,'qlllled ',il 2.{_2 ..\ Ililnilitlln ). '[nrecl ',cl l-CllliS'4_ll ',_a', Ill_l illcludcd. The \ crlic;ll bar,, i/lark Ihc IUL'I-'Jlcll nlcll';lCC.

Allermlli\ el\', lhe backlightor x-i';.i} pulse t.'_lllbL' _,horicncd simulaic _lbacklighicr disk _fl 15()-/.Im dinmelci', iirudinlcd at

b\' usillg a pol}:lllCr-conlcd Ti largcl, so lh_il the Ti cmis.i,i_m i_, 1.4 × I() 15W/till 2 _ve aSSUlllcd in ihe silnululiolp, _lspherical

d¢laved. ToteslthislXlssil-filitywcsinlulaledtheenlissionfri_m tni'get of 3()()-,Llnl l:.ldius, irradinlcd l.il lh;il irradiancc. We

;.1lil;.lllitllll l_il'get c.'();.iledwith \nrying thicknesses of pol}mcr summnrizc the results in t:i_. 5N.3, sh_\ving the x-r_.i\ emission

(CH)and irr;.iclialcd _vilh a single ()MEGA Upgra.idc bcnill. The froln ;.in unc.'_ntcd til_initlill ial'gCl. _is \vcll a_, irilnl :.i tilailiunl

pulse <ql_lp¢\vas lypic;.il of lhosc proieclod i_ I_c used in hi t,'h- Ini'gel c(>nicd _ilh ;.ill I <"4-jlin-lhick ('tt I;.i\'12r.The \-.iX.l\ c'inis-

pcrfol'illance iinplosi(ms: ii.s iolal durnlioll is c) llS, il rises siam is illlCgi'nled over lhc 4.5- io 5-kc\" cncrg} bnlld, c_lnlpris-

.,,lmvlv. firsl _il_cllhen l'aslcr, unlil i'cachiri,,ea plntcnu _11'().3T\V in,,__in_stl\, lhc "I'i*21i i'csl)ll;.lllCC line ;.il 4.7_4.kcV. I{_cn \_ilh no

flOill S It) c)ils. lht.'n drol-)ping to zero. The l_llal pulse cncl'_y is (,H co_ilillg, the x-i';i} pul',e i,_ c(m,,ideiabl\ shlirlt.'r lhall the

().5 k.l. This pul.,,c shape i', tliffer¢l_t than ih;.il described ahll\'c, iiwiclcni In_,cr pul,_c bcc_.lu<,clhe carl\ ("l'_)(_l"i p_irl _ll Ihc

_lnd used e\cr\whcrc else in lhis w_lk. ;illd was mhos¢ll 1o laser pul_,c is I(_(_tvcak 1_ \icld ,,i_nilicaili \-r;l\' iatlitlli_n

vei'if\' x.-I_i} pulse shorlci_in 7 c\Lm l'_i" lhi,, limgcr pulse. "I_ \_ilhili this cherT} buml...\ c_alii_7 _I IS l/ill ('11 lurlhcr

6(i 1.1.1.R<'vi<'l_,_},lmm' 5k'



qlortcns the x-l;.i._ pul,,c tu u v, idth c,l-16()l',t... \_ hilt rcdtl¢ill_

tile \-I';.I) pt'J\vcr I',,, t_lll\ 4 I;,Icltw o1-J. iT_ickcr u_v<ttin;s <uu,,c ,2 j

t,r,.'uii_itou.,r,:du,.'ti,min x-ru,,pt_v,cr undurcthu,,nutus,.,rul. /(,,_..,.) .:: /u/(u_)uxp j/,(,.,,. ,.),1,j
,i ]

-16
l'nc+.'u.ilcdTi I '1 -- '

t

-
4 _,hu,'_._1....,-71"-_-"-')I'_

r' = (v'-" + v" - R is, Ihc I;,11'_¢1 radius.//u.(x'l!) is Ihc spcclr;41
>_., 3 intensityemittedI+,,the buckli._hlcr uI the lirlu-ccnlcrfrc-

ff Ti+I<"4,urn('H quench _'(i(i.e..ut 2.62A ),und lllch'Pcalcmi'.,,,ium,r(_') is._i,,cn

>< 2 - "_ by l:.q.iII).The rusulling_'mc-clirncnsiuru.llpndileI(_'i_..v)isin

I- _ rculitv, c,l course, circulurl', + s\rnrrlctric. Since v,,c clit_s,c
Ii_i+Ix'<llto ct+rtcsl-loru.l tt_ thu l_C_+tkill ifit Ixlckli._htirlb' line. tlic

(} -I--- l+ruI'ilcuulculutudhv Eq. (12} __<,ivcxthel_iuhct,t+ pu,,+siblu.,ctm-
4 6 _ I()

ll'i.l_l bcl\'<ccn the buckli-t_tinu und the sull-umi,,sitm irnu,,+,, It

_,+,_, Time (ns will l+c rculixccl truly if tllc mculttchromatc, r hurld,.,, idth is rlt_t

Iregut tlu.trl the spcctr;+tl v,icltli t',l ihu buckli_ht,cr linu. Fur u

widerbandv,'iclthv.csamplu ;.tlur_crfractionoItheCi_lltJlItiOI.IS

I:i_urc5X..+, scII-crnissit',n.butlhcintcrisit\'from thebackli_htcr(axstlitlcd

simuhttcd,.-ra',cmissinnIr,un;intmc_utcdImtniumtur._ct,a',v,cllu,,frt,m to bc lllO._II\illi.Isin_IcSl_CCIlal]iIIC)',villrCIll_.tilli.lbOtI|the

atituniumt;.ir_etco4tcdv,ith+inIX.-!+m-tIm:k('Ifht,,cr.Thex-ru,,cmissiuni', Si.IIlIC.lhuslltx,VCI'JIl_lhccoIltI'i.lst.
intc,_,r+itcdit',orthe4._-tt_5-kcVc,nci_._I'xlnd.<t+mI_ti,,inFmt+stI\the"Ii+21t
rc',t,nun<cline+it4.7.+'kcV.

WC nextcstinlatctheIxtckli._htin._irrudiunuc]h,l.(x'ii)atthe

2.62-A v<u\clcrlgth, the l.',2p-l.s 2 tr;.tnsitic, ri oi Ti+'If. Tlic

Fmissiorl Protiles assumed laser irradiancc ,nn the backlightcr i,, 1.4 x I() 15

The buckliuhtinu_, ima<_,es,(such ;is in Fi,,_...'i8'.2)should rlt_\v W/c m-." or 9.4 x I() 21 kcV/(ns urn2). At this irradi;incc, the

be ctinlllincd with the tUl'k_ctself-emissiori profiles. We note x-I'a+v yield for l+roclucin._ the Ti +2u line tit 2.62 ,\ t.'all be

thai in I.TE the local Clllissitm +?(v)und the uhsorrltitUl coclli- ctln._cr\ativcl\, taken $to hc ().()3<.'iinttl unit _,t_lidun_lc pCl'l+Ci+-
_.X × I( I,cV/ciorit ],t vi ;il+u'i+clutcd thrt_u,,ll Kirchhtfff's lay<.++irl tCl'lll_ tlltllc dicular tt+ tlio l;.ir_cI, 7ivin<, +.illx-IaV I'lux t+l' + ' )l,X

Iqacl<ht+d) furictitm lTv: (ns urn" (l). "|'tl calculate iho fll.ix rlcr unit i)ht+ltm CllCr._)'. i.ik

cxpluincd abo\c, this ni.llllbor Ilk.isttl he divicld b\' the h.il'._cr+<ll"

,-(,.)--x(,.)n,.: (_+/,,,'<.-_)x(,,)/I<._p(/,,,_-/)-Ii . (10> ,i,+spectral Iirlc width and ilic insirl.in,untul v<h_lih.'l_hc lori+ncr
i.', -1.2 eV (soo helow), whol'Ca.x _.it) picul in._trunlcnial wklth

\vhcrc k'is the B(lltzinarin's c.'lm,,tanl t+]xpleS._in<, Eq (1())in would bc -4 cV. Wc finally <lhiuin for ilic b_lckli_hiinL,

explicit tinit.x. ?+pccti'_tltlux al tho I'reclucnc ) wll t_l line center

koV ]= 3.13x1()-+-+](_.,, ,)j/:(koV)l, k<_V
• (11) llu.(v())=7.() x I() -Hi ...............................

_'i kc\.' n,, uin_ £.+ ' CXl-_(/'.+T)--I kcV (n,, cli,- .G;!)" 113)

\vhcrc (_) clc_,i<_nutc__olid antic. The i_mtl Sl-lCclial intcnxity t_!.,,in_ this \;flue und the Illusina I+nflilcs c;llc.'ulutcd I-+vthe

c'incr<_,i!_uuhm,, ulincolsi_ht(intllu'.vdircction)utudi_tancc /.//.A(" u<>dcti-i,, 51'4.1) wc suite i_kl. (1>1 nunlcricull\, it_

v l'n_m the axial diru'clitm, due to both the baCkli._htcr us v,cll td_lain the c,mll-_inod im_u_¢oI backli_hlirl_ und ,.,cll-¢mis,,itm.

+isthe t_.il'_Ot xclI-cininsitm, in t>l-+tuincdI_x ,,tll\iilu lilt r_.ictiuti_lri The inlauin{ u clc\iuu in ussUl+lcd ttl huvc unit nl;i,_niliclltitm

tl'an,qxwt cquutilul and thrtluuhl+ut.
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\Vesilo\,,illl+'i._.5N.4tilect+tnbilleclIlltlllt++,.'llI'tllll',,lliCilll;,I_t.' h',i\ctt+ellll+It>\xt_ltcrtutli_ttitmIt+,.,,,+'c',tu't+till++tr',tl+>l,.,illl,t_¢.

_.C+_,,%1due tt+I+_.tckli,_,I.itiri,,itrldscII-L.,nli',>,itm_tipeltk ,\I,,,,>,thet\\t+-dirl.icri,,it_n_tliil1_i<,+,'++",itl,,llt+',\Itm,._,,-\,,it',cls.'ituiIit;.IL+ _

i,'t+llll'_le_sit+ll,illlel't.'t,'l'iteclI_\;.ll,i,it+l,it+chl't'+lll;.tlt+l,,'i'\nllilt_l-l--e\"l+elltlrl_,illit+llst_llhlc',l',heri_.'_tls\llll,iletr\.

bltnd\\'MtIl."Filecl.ur\e.,,,itrenorm+.tliiedtotilespectr+.tlintensit\

t'q+theb+.tcklighter,7.(+× I()-+tlkeVIIkeV i,ist,'tll2_.>i.\Ve mUe ()Il+iirti_,+ul:trintcre,+ti,,lhe,,pike'-,ec.'llillflit.,,,c'll-c,tllis,,i_m

th:,.itthet\\t'_contributitmsII-+;.wkli<,.thtin__.mdselI'-el,ilissi,,+,n)ilre im't,,eill_it'_.iLli+.ilcli,,,tltm.'eel+_.-I.()unl.'l'hi,,,,pikei',,enlitt¢clI+\

cqct_nll"_.tr_.tbleinl¢llSll>illthi,',l>i.LrtictLl_.,irc:.tse.This irli.lic.'ittesthe inneilllt+ststurl'_icet_Ithe('II,,hell:.il,idi,,.tltlC.'tt+tiles_-

th_iI _vithout lhe ust,' _I' a m_mochromalor cr\stal Ihe nell- cllllt,'tl "'lilnb d_lrkt,'nin_.'" _r the IiicI lhllil lhe dcpih _li_ line-_l-.

emission \viii domimm.' lhe im'dge _uld render the me[hlod sight Ihr(_ugh Ihe rim _1 _ishell i,, I_ngt-'r Ill,in Ih_ll [llr_ughl i[',

imlmtt-'tit-'_.tl.Thus. ifinste_.tdt+lresin,,+;.inltIntwhron,i+itt+_r',+\e center.Intheconil+leiel\',t_-dimul_sitmltlim_igt,'thisspikev,ill

\veretouse:.tl'ilter,tileintensil\t+ftheniont+chron,iliticbl.tck- _.tl_l_e:.triisitt-'iI'cul_.trI'illgilI,id\rillch_sel\ct:,rresl"_tmdtt_lhe

lightin._r;.tdi+.itic>n(ct',nlsistin._el mostI\_.isin.sicspectr;.tlline) I'uel-qlcllinien'I'itce.Itprt_vide,,thereI't_reitclirccInne_+isuretfl

\rillrenl+.tin;.tbouttiles+.tnle,l",ultllmt_l"lhe continuotis.',+elF-tile_tchie\edct',ml',ression,l]ec;.tusc_llhel+_'denti;.iluselult,iess

emission v,illgre;.itl)increase.For ex:.imple,;.m;.tl'_l+rc_l+ri_.lleoI'lhisspike\vcstud\it\chltx'_.wleristit-'sin+somedelilil.The

filterl't'_rtile2.62-A lit;.Initilllline\vt_uldbe i.t25-/ml-thick spike,ift_l+ser\_d_Ic,c+.inl+eused iilsoineXl_erinlents\\'Jilln+.>

til_.miumfilter.,Such:.tfilter\\illi>r+._cluce_.ib_.indI'_.i_sel":.m b_.tt,'kIi<,htin_.The im_.i,,e\villii_uIvethen i_ureI\'m_.m__t-'hlm-

-I-keV \\'Mill(.',i+_.tnl,iin,_,,tiler;.tn_e,-4 to__.keV)_.iscomp;.ired iri;.ilic,_.i.'<in I:i,,_.._..-I-,bul \rillin.sle;.idI+c;.i\er_,_'etl,++_\er tile

\vithtile_.-I.-eVb_.tndi"J_.l.,,sel'tilemt:uloehrommt_rer\'st_.iI, tr_in.,,miltecl.si+eelrunl+,:,ftileI'iIler.()ur t-'iiIculmi_m.,,:.iIs_

qlo\vcdthin;.Iver_.i._in,_the inl_i._ctwcr tileix';.u,ismittedXl_ec-

1.() _----_----_---__/,f! T , -r--_-- trulll oi';.I 2.S-+£ml-thick til_inium l'ilter h_irdl> ch;.lllTecl tile sell'-
en,ii_,_iiln iin+.ige ill Fi_..$X.4.

/)._ t- t

_>' r_ -,.. , The spike ill t:i<_,..SN.4i,, sp_lti_lll\ \ er\' ilttl'l'tiv< (-._ L#lll _\ idt,')---__ !O,ii.lI _

"' i __++_ j bec;.itiseonly the illnernloxtSul'l';.icet+ltileCH shellinhot

().6
'- - ellOl.l<,h It) t-,lllil the 4.73-kt,'V i_itlialion t,'oniribuiin,, t_l the

"< - Sei" ilnli<Tt-'.As t:ig. SN.I qlt_ws, Ihal lCnll_cr_ilUl't-' is ill the I'iinTe
(i.4 i:-'.......... i -().6--1.() keY. I1 the ct,,'t,' in il,I _lclulll eXlw,i,nt,'nt is colder.

•_ eillis+.,ion tilespike ,+,,illbe Io_,>\\'e;.ikto be seen. unless\re cli_>t_se

()._ _ i soIterr+.it.li;,liit.,mIE < 4-.7keVi I'_itheinn_.i_in_.I:urihern,iore,
.,,_ .. . N.b \re-F_.ickIi<_,lllin<_, _.inexceIIeili_I+_.ili_.iIresrdl.liioni,,re<.luired.IrlFit,+...s >-

().() _ _ _ , , i"..'X-_' __._u.,____J____lx.__.i _ L___ SilO`+\lhe I'csull t_l" [l ¢_m\'olulJon oi' lhe emission Jlll;.l<,e_1'

() 50 l(l() 15() Fi<' .S<X.4\\ilh _111illl;+i,,jil_ devit,'e o1"(_-Llin np_lii_ll rt,molulitln

i<,,,.',, R_iclJ_ilcoorclinale (J/ill) (_illtl unil Ill_l_nili¢_llioll). File spike is still _,een. bul l_(l_li'er

l:i,_,ure.sx.4 re._oltlliOll i'ellclel',4it indistinct.

lhc _.lunbincttilllligc title'1_blickli<.:hiingend,,cll-cnli,,,,ilmalpelikCllllil)lC,,-

_i<m_,1iin inll_h_dcd('11 q_ell. The illl_igt." i', c_llctll_ilcdti_uining _i l+_iguie ._.(_ xho\\'.x lhe s¢ll-onlission _li lilt.' le_l-c;.i_e i_il'gt,'l

lmm_cllrtmltilic deiccli_m',ti ihc 1_21,I_2 line ,>1,i lil<inium b_lcklighicr ill V_il'iOU_I'lhotoll ellelgien. The lllOlivi.ilitli,i ix Io Ill;.l_illli/e lilt.'
t7.-+-+2.f_2.-\1.Ttlc Ctll_.t+,,,tilt' norintili/cd Ioii ',l_Cc'trtil inten,ii_ _I 7.0 x I(} 'll

keV!lkcV n_cm-"<--)l. spike vi_il_ilit> : lher¢t'ore, tile b:lckliglllii,ig I_ll'i ill lilt,' illl;.l_e
\\:,i_,elinlinllled. The conir:lsl t_l"the _pike\\'Jill re,+pedt Ill ihe

"Filel'_.it.'lth:.itboth iin_.i,,e+t-'tinl[)t+nent.xh;.,iveCtillll_;.tr_tbleCelltr;,tll)e_.,iki,il;.ixinlize_illtile4- io$-kt.'VSlX.'ctr+,ili,ttll_C."I'o

intensitie.,, nl_ikes the inlaging nleIll_d nit,re i_o\verIul bec_iti._e tilltlerslailcl this \\'e ltlrn Io t']gs. ( I I ) _tnd ( 12 ). The l'_l¢l_ll']_(/:)

intorin;+llion on both ihe cold shell _ls\veil _isIhe inierl_ice el.in ill"/_;.Jill-eCru'in_ in t++cl. (11) is e.ssenii_ill\ indel_encleni _ll/;. 13\'

be silnullaileOu.xl\' obt_lined, i\n unclcrl-lerl'ornlin_ i;.u'_el c.':.ill \\Tilin,, lhe cleri\'_lli\'e UHUT litlin l!t-I I I I) \\e nee Ihlil _il_ _-+ •

be expected to show ;.ill _.lbstlrt'_tit)ndip th_lt is broth xh_illt_wcr higher phottm Cllel',_ie+x the t,'t_llll';+tXl bel\\eell the spike :.illtl the

(be¢;.iLiSeol'_.i Io\\'erareal dcnsit\'/.)A#'_.Llon_,._.lhc cllrre,sl-_onclin_,_ t.'el,ilr;.ll c'illi_sillll l';.illx due Io Ihle e\l_(l://'_ I'_.Lt,'I_u'.This i_,

mhord) _in well _l._cli_pl_lced Lo _l l_u'ger iacliu._ (bec_iuse o1"_l bec_iu.,,u'lhe t-'¢nlr_ll t.'t_r¢ i.,+h_lller Ihl_ul Ihe shell inlerl'ace re-

Io\\'er COml)resnion). ll'lhe l_ii'gel l'lei'lornlanee _i'eally tie\ i_ltes _iOll, _ii,ici.\\hen E/7is sin_lller, the e\l_l_nenii_ll lernl increlises

lronl prediction.,, (le_ldin<_,,.nt_rnl_lllv to _icolder or)re), \\'e Ill;+iv Illtll'e sh)\vl\ \_ ittl incre_tsinu, /:. AI I_)\\ i_hltmm ener,,i¢,,.___ib-



,;t+rptiim _,ut_,in and the lilnb-clarkcnin.g el'feet disapl)uars. The opacity ttll't)LIgt'i the t'egitm emitting the spike is nt_t nc._ligiblc

t_b.,,¢i\cd radialitm l'itmi iho hol parl t_l'the _,hollcoirit_s l'rtmT the (it i.,;t_l order I I. f:()i +nc<#liTiblc OlXlCilic_,. lhc" ,,lixmg Z dc'pcn-

()til¢i _tiilac'¢ ()1 that i'¢._i(m and th_cs nol clcpcrlcl tin iis clepth, donee t)l+the absorptitm coclTicionl IEqs. ii) and (2)1 vdlcn

sl_ib,qitutcd inttl tT,q. Ill) will result in Inucll hi.ghcr cnlis._it)ll.

To nlaxinli/¢ ll-le ,,l_ike cnli._si(_n ii i_, inMrucii\¢ Io kllO\v H(}\\¢vcr. v.hcll i)txic:ity is nl)i negligible, the illCl'ea,,¢ in the

ihL" rclali\o conlribtilion of the Ilydri>gcnic fti¢l alld the ('H al_sorl_lioll co¢l'ficiunl, which also appears iii lh¢ CXlXlll¢iii (if

_,h¢ll i() ihc eillisxiol] pr()l'ilc, kigtir¢ 58.7 ,,h(iv,;_,lh¢ ¢ll]is,,i{)l] ih¢ ;.illl.,rlLialii)n Ix¢¢ [_q.( 12 )1. _ill chmlinal¢ alld limii ih¢ spike

r)rofilo t}l Fig. $14.4 \\ilh and \\iihoui ill¢ h)dro.gcnic lil¢l irllcrl_,it_ i{} lh;.il (_t a blackbody crniilcr. Addiliorlally. the

ct)nlribulion, t-{vc,ri lhough the l'u¢l Ila_,a Io\vcr nuclear clialTc doped cold ,;1_11will l'urlhor absorb ihc radiali{iri omillcd ai

lhan ih¢ carbon in the CH, a .,,ignificanl l'raction ol'lhc c'¢ntl'al lhc init.'rlacc region. The IcnTih morl'e_,l}l)ndiil<_ l() lhis abSt}l-r)-

c,mis_,i(m c()ill¢._ li()lll lhc rucl bec<:iu_t.,ihc ltl¢l It.,llll)er_ilUl-C ix ii()n i_, I{)n_¢r_lhall lhr()ll,,h_,lh¢ c;t.'llI¢l-;ihi,, liiril_, _i flal-hippctl

con_,ider;.lbl} higher than lhal in the ',hell. "1"_)illcrca_,c lh¢ shell profile, t.'haraclorislic _)1";.lhi.gh-(qxlcily ¢llliltci. irlll) lhc b011-

emission \\c ilia} t.l(lp¢ llic ('tt ,,h¢ll \_iih a Iii_!hcr-Z ¢1¢m¢11t. ,,hapcd rli-iflilcn l_)r the high-m ca_,¢,,in t:i 7. 58.8.

iric,q'lccii\ c of ll-I¢ detailed aloinic phv_,ic<,of a hi<,,h-/cl_rxlrli.

ii,, rinal crf¢ct is il) illcrca<_¢ lh¢ ;.ib,,(lipli(!il c()crlicicnl uiltl, t:imlll\. WL"11()I¢thal ii" ih¢ ,,pike is ',jill ()bst.'r_.¢d iil lh¢

lllrtlu_l-I ii, the local cmi,,sion Iscc Eq. ( 1I tl l"_),,inlulat¢ d()pin<, r)r¢_cnc¢ o1 inixirlL, (which \viii bc lh¢ c_.l_,¢if lh¢ nTixin,, is

\\'¢ lhelclt_rc muliipl) ill¢ at).',l_lptilm L'oclficicnl (and ihercb\ illodcst 1. it \vocild l')Cl'lllil all cxiimalc _I' IIlt._d¢Tr¢¢ oI mixiil 7.

alst_ the ¢lllisy, i_.ln cl_¢llicicnl) b\ ;.i nl.illlbcr 1/i. which Mixin<,__will lai<,¢ lhc lucl ¢lllissi()il (hl2nL'L'.the cc.'nlr;.il I-)¢ak in

ii-i Fig. 514.14;.t_,,,tllllOsihc v;.llLl¢_, I. 2. 4. aild IlL The _)nl) ih¢ iinaT¢)rclali\c" I()ihc spike i.'illi,,si_)il. "1"(),,illltll;.llL' ihi'_

iild¢Iorillinai¢ irlfornmti_m here is lho ClUaillii } _1 a .givcil i)p¢ ofl'ccl. \re shill\ in t:i 7. 514.9ihc Clni,,,dlm i'_i_)I'il¢ \vl'icn ihc lucl

oldopanl c()rrcsl')ondin 7 ll_each m. f:i._i.ir¢ 514.8(calculated l'_)r ;.ib',orl)ii_m L'oel'l'icicrll is inLiliiplicd by _#_= !. 2. and 4. Siilc¢

a pholon ¢11¢1<,\_._)I 5 ko"v') ,,h_\\_, lhal dopinL,, lh¢ shell Cal_il_l the ab_,t_i'l_li_m c()t:l'l'imicnl _I II\clr_)L'Cl]., i_, I_Ui'¢lv. du¢ t_

incica<,c ihL' Ctllllla,,l _ll _,l_ik¢ i_) fLi¢l ¢lllis<,it_ll het.'au,,¢ th¢ in_.¢i'st: brL'lilS',li'ahltinL'. \vhich Cl¢l-)c'ildx ()il / like.' /7 I',cc
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()'() liL---=---U-----L-X----L--_----u---_--+L----L---U----_---US(Iliill J 15(IJ 2 ().(_11'"4IL 3

i,<" Radial cot_lclinalc (/.1111) ().4 I-- × I(I 2 it-- \× I() 3 -

l(llll',XiOll prowl ilc _r I:i2_,. 5k.4 _ ith ,lnd ,0, ilhl_ul the h,,dr_,gc'nic lucl t.'_,lltribti- 1).(} ........ _- .............. 1) L ................ _ .................
Ililll.

I) 5il I(1(1 11 5l) liil)

i ,,,.:<, Radial c_rtlillalt.' / 11111}

l:]q. t 1)], _vcel+illt.'y,lilllalc lhc alllOuIll of CH mixed iillo ihc ltlcl

for the m = 4 ca_;ca.n8<;7b', aloM nulllht.'l'. Much hi,ghcr k.'v¢l,, i:i<_,,_<._,s.s

i_l"nlixinoa, i.illt[ .q_cll cli?;l_vlion _ill illakc" Ihu' _,l_ik¢ cli,qll_pcar simulali,,n _,lqlcll d,,pin,_,_ilh ahi_h-/add_li_c..lhc _,b_,,rlvi,,nc_,cllicicni
;.lIltl ru'lldu'r lhi,, Illl21iltld inat_plical'_le, m ihc qwll i_ mulliplicd !_ m. l)c'icci_m i_ ai 5-kcV ph,,l_,ncm.r-7._.

lnlalle Mllnochromatizali_ln

]'o iinl+_l-,_c lhc ab_,orl-_iiOll-illl;.i_l_ visibililx x_c l.i_,Stlilll.'tl 1.5 ,-------, _ n , ,--.... ,-.... -,-.....

at'+OVClhal lho backlighlcr onli>,sion is inloiCCl_Icd b\ a illono- ,+#l:I)T abst_rpli_m
chi'tlnlalor ci'\ slal lhai i', anglo adju.,,Icd Ior l_e+.ikdil'lraciion al coct'l'icicnl inulliplit_'r
_.6_ ..\. iho backli<_,htin,, \vavclon_ih The ilarl'o\v i'ol'lcciion__ &-- _ •

_indmv oI' tllc' Cl\Mal will ._l'i2all} i'0ducc ihc rcl'lcciccl broad-

band ,,clf-crnis.,,i_n bul \_ilI only slighlly allcilualc the single _.

backli,_,hlin,, line. R_u._hl\. the i211121"<,\band dil'lraclcd b\' the 7- 1.() 4

t:ryslal _ill bc -I eV. a.,, C'Olllp;.ll'¢d with a [liter trall_,lllis_,ion ;_'2'

_ inclt+_voi+ I kcV. Tim,,. _vitht+l.it a nlt+llt)¢hrt+nl;.ittlr, the peak .-'_
.-B_

x&'cnl!_ discuss in illlll'C dclail lhc ot'l'ccl oI introducing an --_

x-i;.iv rcllcutin# cr\'qal into the detection y,\'Mi21ll,b\ ptt+blcm /

\_o need to con_,idt.,r i.,, the Iimilatitln tin the field of vic_ - 1

cau>,cd b\ the [act thai the \va\r¢lcnglh >,¢lc¢lilm bv a Cl'\'Mal is

I

r¢lalcd i_ diit:<tit_nal ,,cleciion. In ihc di_,pei,,ion dircciion,

each \,,a\clcnulh C'tlll Oll]\ be dil'l'l'acicd \villlin tt II+.iITt)W ;+111_.!U- (}.() ........... _ .......... J

lar dilllaCli_/n I_.ln_2,cI_<,Jlthe i>ll_lcl"oi-I() -4 Iad)alt)tllld lhc 1) 5() Iliil

t_ia_7 an_l¢. Ht_vo\cr. ihc'. iimi,,c gcneralcd b\ cilhcr a pin- _,-:'< Radial c_i_tinaic t lllill

hole c.'alllt_l'_.l _1" _.l Ill ici_,,copc C_.111hi+lv¢ _.1lar_¢r di VCI'_2OI1Ct2 lh+.lll

the +.iCCCl-)tanc¢illicit.' tll" tl'c Cl'},,tal, in \vhich cane the illtlllO- Ii7 urc 5s.tj

clirt+lllalic txickli,_,hlcr< illlti,,¢_.Ill;.i\ bc clipped. |+t_rcxainl+lu,, a I.;mi_,i,,npr<,iilc, _hcn thelucl ab,,,rl+t_,nc,,cliicicnt i, Nmlt_t+licdI+_m. it,

1q()-lllll.0 iilla"C_,sizt.' thai is i'¢ct+rdcd bv a i+inhol¢ i.il ii clislancc _iinuliilc ,hc'll.tucl Iliikin£. I)clcctitm i, ;li 4.7l-kc\ idl,,tl,n cncr<_,\.•.



t_t5() 1111111'rt_1111jlclLIl+_.'lu+tflTc',l_tHlcj:',l_;t di\cl'_u'llu'u';.111'2jc_l" I;llitHI tui the ',_jid _ill,_,.ju'_cctlpicd ill ijlu' I;ll,2c'i \,lCtltllll ;lllk.
3 "_ I() 3 rad. Nim.'can \-ra\ Inici_,,u_H',c,i,, pl.accd a! Itm,'cr _ml\ ',ll/_ll I'_l"a_ antIc,, aru lu_l,,iblc'. Ihc ad\anl,l_c' _1 I;lr_u'

di_l',ince,,<--2()(JrJlln).lhedi\crgencci,,,,nmller(-+7:,.I()4r'ad). l'}r_L,.2,_ auL,.2,1¢,._Ic,,,..ril',,,.'d'al_t_\¢di'.,',ll_l'_c_ir',.,butlllcIt_c'u,,ii1_.2'

li_minimi/cthecliMfinul'woblelnv,cncudt_.'ina\ilni/,.'lhc _,..,tmwlrxct,nilwri-,al,.,,,ltull_i,,.:\fill11i,,l_l,t,._'udult,,,ct_the

or\,.lalao..'el_lanccan._Ic\0/,,l'twa ,_,ixcn lira.,\,,idlh\),.li_ or\,.,lall_cc'aLI,,ulartherIi_Vl_llluor\",teltllclt_,,'u',ili_tluc_ Ill,,'

,,¢etll¢rul;._tion,,hil_b,,_'t\,,eeritllcIv,o. v,cdiffcrentiutcthe vur,,',tturc_ltllu,.'r\,,talclilnimttc',the,nlm_in_.\\ul_'a\ctlwll

13ra:..:......c,.mditic,rl2+/sinOl¢-::,),.;.im_ltfl_lain l\_ t_IHi+.HI',l'tH'llltHlt.'chltHll;.llicilll;.l_ill£.,. l+_lh'.,11_.'\,,II,,chc--

nlaticall\inl:i,,:.....'_S.I():(a)u,,inu.Hll\-Ii.I\micrt_,,,.'tfl'_c',\ilh_i

I:/,'_I-= _,/_\2,.-=I;.lll#/._/.\01_. (14) lI;.fl+,.'r\,,lal(lt_I_;ll)intcrl'_t>,,,.'diLl'4 illIl'tUllt.'l'Illcrc,,..'_,>rdin._
n_¢diui+n,told(I',)I',inht.'I¢i_nauin_-ut',ui'_ledt_+.icur\,,.'d-cry,,,tel.

The r¢_t'd'_in,::l_t)',.'_er,3,I.X,j,i,,a,.,It',,,,,I'+,,ar)ill#ltlil+..'litHlt.'Ithe R{_v,laml-cin.'l¢,.pCCtl_Hilclt'r.Ill(;I)lhc I_r_itJ,_;ilIL'ICi_,l'ar,-e

Bra_..... anule.O,w.,,o to maximi/¢ +\0/__e ,,h_mldmuximi,,c 0/_. (u.__..,,74..':, l'or ltgxW). _ hCrea,,in (b)the l_,ru_u._ unul¢.I,,,,mall
Thi,,require,,+,,cIcL.'LilI_;.I,..'r\nl;tl'.,',llo,,e2cl,,l+acin._in_ml\ (I'+ I_ i11t.'til111'Cnelltcleni_ll).

xlighlI>'laruerthe.intherelc\;.mr_,u\elcn_tIl.,.,+..'thalliltcliIIrac-

ti_t'tallelev,illI",eclc,,,,..'t__-)().()no;.q_l",r_T,ri,:llc,.'h_ficeli.'rlh¢ K-I_

_.(__-,.\\s.a,,elenulhi,,tel\t/(3()_i.of 2d ',IXtciIl.g_.71_A. l';.H'_clmicrt_cup¢ ('r\_tal

gi\ing a t+,ragg ;.mgh.' c.f 74.5 . Hov, u'\cr, topaz ha,,; it higll (;.I _"__-_.___&'"<"
resolution (+b(){)()), which illake,,, AOl¢n'arro\_. If \'..e cllt.'one l.,+,ackli#hter 22(]e 1111) t_l 2d = 6.545 A end resolution _3(9{)(),the t3t'ugg
anele forthe _ _ ...... _Backli_hter, _.(.'_-Aline,,\illbconly, _, "_ t_isingl:xI.(1())

v<e,,t.'e that Ill,..'_ain oI";.il;.tctor el _2 in AO/+.v,itll i'eH+ccttt_ (b) _ Vilm
top+el/(bccau,.c the tc'.,tduti(m i,, h+\ver), i+,.t.'utvveighcd b\ ;.t "l';.ir.gct_ /
decrease t+I;.ifactor of 8 in tanOl¢.

+

The rcsol\ in.g pov<¢r A/,_\Aoi"topaz 13(131_\;.l',nicasured-'

it) be -I(14 it+ the t'an._c 01+_ = l l)--4() . [+xtralJXflation to

01+= 74 ',,'ielclsa l'enol\ill_l"_c_,,,vurof+6 × I()-".whichl'tonl ('1"ynt;.
Eq. (14) con'C',l+orids to _\(-)/_p= 6 × I1) 4 rad. Thin divergence is _....++
smaller than th;.ttoi"theima.seofeitherthel",inhtflecaI+net'a

14x fly-3)ortheniicroxccq+e(Ix I()-_).II,.rvve\er.theclii+pin._ I:i._u,ussI_

pioblci11is;ft.'It.tall\le>.,>,,severedue t(.'tilesl')ectrallillC\vidth'.;,vhumatici,.'i'_rc,,c'ntatitm_,Itv,_uctm+,..'tri,.',,h_rm_mt_,:hrt+mutiuI,acklluhi-
,.n_-Alineinu_\/_..l.orexaIllplc,tileDoppler_.\idth+.+,Ithe'_+ inu:(aiKirki+,,itri_.k-I'la,.'/",,-ra',mivrt_,,c_G',uuntluMatdiIIraciin#cr,,+,I.tI:

Lit;.tIlitIIllpl;.l_,lllael"it:,ntCilll+cIattlre7i= 5{){)eV is.\/-+/= if-,)i',inh,d,+'_m',tu_n.uv.ith,tcur',,..dcr\,.i',tltmaIlov,luml,:ire'he..

1.2cV.',_,hichct.'rrc',ix.'raI.,,toA0+,+= c)× 111-4red.aboutequ;.tl

to tllenlicroscUl_Cim+.t_edi,,ergcnc'c.The finitenI",ectrul The bu,,i',lt.'rinlu.sing_._itha cur\colcr,,.',tal.'a.,,'.,tuted

linc\vidthcau.,,estilecr\,,t;.iIto rcI+I,_'ctin c;.tchdircctitma ;.fl'_o\einthat;.illt;.t\_di\uru'inuIrt+m;.i>,in<,Icp_+inton tile• _ ++. L-

,,li.shtlvdifferentv,,u_.elcn_thwithinthelinc\vidth.Thise;.iscs Rovvlant.Icircleand diffractedb\ _.tJuhansnori-t_i_ecurved

tileclil',l+in_l+roblcmbuttc,_ult,,in;.Inintensit\reducti(mt.'ltllccr\+,t;.111;.iii_.'t_theor\>,t;.tlatthe_;.imel:_r;.1._gml_le.l'l_i,,

ordertfl'tilt)= ().fiT.The l'ieh.ltfl'viewix,,tillalW_,ff:flemforthe a>,serlitmneed,,it.'l+ce\;.tnlined,,irlccthepinl_ol¢It.'cut¢clcmIfIt

llinhtde-calnura inla._in._,hi.it IlOl l'or lriicrt_,ctg'_cinutuiri.g. Re\viand circle I Fi.t-'.5_X.l()(bil I'la_,u linite ',tl_ertur¢."I'o l'ind
tile di\t.'rgcnu'e tltic' It) thi,, finite nile. \_e II1;.Ikt.' tlSCtit' ttlc

The l'Ut4"flemof Iinlitcd field t_fxiu_ can bc t.'\ t.'l't.'t+lll¢ b\ diN'x_u,_itmielatitm 'xt+fthe l_,tl\vland_,llcctrtmictct: <X/==i{ ,X(T#+.
u,,in7;.tcur\ ell el\ _,lal(the Rt+\_land circle 7etmlcli') _1.',_ thai \\+hereh' i,, the radiu.,,t+lt.'Ul\ attire (.'i' lilt.' or\ ',tal (i.e.. t_vicuthe

all I';i\"_l'ol'inin._ tile ilnaTe have the .';i.illlC all_!lco1 ii_cidcnce r;.ttlitln t.'l tlic Ro\_land circle) _.illtlA0/i is lilt." c'h;ill._c in lhe
on lhe u'r\,4al. Thi.,, is ,,liictl\ true onl\ !'t.'r ;I Johan>,_,tm-bcnt incidcnct., antic t_ll thc c'i+\,,lal, cturc',;l+_mdil_._ l'(i ;.ttra\el ._l/

Cl'\';t;.ll. The rc,,,tiltill{! _u'tHlletr}' ix a.', l'tfllo\v',: .'\ l_inlltflc i,, ;.tlon_! the 14t/_tlend circle...\ cht4cc _>fR ....I'_()CI11(ctUl'CXl'ltmd-

placedon the R_.'v<landcircle ai ;._Ic_catitmctwreHxmdin_ tt.' the in7 it_;.ill ;tc'iU;il ,,l_¢ctrtullu'Icr tindcr c'tHl,,lruclion tili ,1..t'])and

backlightcr v,a\ clenTth (,,a\. _.(__ A). The lar_t.'l alld the _\/= I(l!_il_(cturc,,l_tmdinTtt_al_il_ht_lu_flthatdial_lctcr)\i¢ld,,
b;.lckli_hlcr ai'¢ lflaccd tlul',icte the circle, t_Jeu';.itl,,e(if the liini- .\(7#1_=I.f17 :,: II) 5r_itl.Thi,, i,, ,,ill;tiler Ih;in lhc ci\ ,,ial ac'cetY.



[_m,.:¢un_lc .\fl/_ ......_._ x I() s qu_>l,.d ',ll",t;',u. m¢unin_ thul u tl'_rt+tG2hth,., I_!+.1,_,_:r¢l;_titm. lhi,, ,.'ur\,..' i,, ,ll_l-,rti\illl',ltul.,, <1

I()I£/nl-dialll i_inl',.',l¢ v, ill l)_t ct+ll,,liltllc' lhc' limit_l)_ IilCltu J , (]iiuxxi_lll ,,_ith p,.¢;tk r¢lleuti\it\ /_,u., ',kml _i+.ltl't .\1:,. lh_:

itchi¢,,in,,_ rrw,nt_clIrt+lliuti,.' imu,,irl,_'.++ Inqcud. th;+ll lix1_itutit+n ``_`_.:_r_`1_nu``hu_`_`.`unu_``t;_u_ut_t_Iu_I````_;m_rv`idt_._\/:_

_illl+¢"'i\mLull+\theinll+crl¢¢tit+llt+lth¢cr\_t;tllll;lllul'_tCltlrillU= , I11c ullccti',u ci+,,,,tul r,.,lIc,..'ti',it\ ,,_ill I+¢It_\_¢r+hull /qil++i\

uml l_¢mlin_,u,,_,..¢IIu,,_,ttheali_nlm'nl, b_..uuu,,c,,ml\ ,u\,,_,I_ u_ul¢neth,.'h,,¢It_line,.',.'ntL'rrulrill

e\uutl\thel_,n,i.._.",',,dill'ructi_mctmditi_m:the.'ulluuti__.'rull¢cti\it\

\Ve turn t_t+\,, to u ccm_l+uri,,t',r_ oI _,,.'l),,iti,,il\ ut.,illU let',Ill i_ tllen ui,,+'n In\ Ilk' ililcural (+t,-,_tln)in,, thut the ',+nut,., t>i'

rnetllt+dn t_l"illllt_ill_. ,'\ K-B t11it.'rt),.,c't+l+¢iml+lemented itt 1.1.17+ inuidelw¢ i,, tll_.' l"}rlt_._ iul_l¢ t+r peek rull¢,.'ti\ it',, lt+r the linc-

Ilan a nelid-arl_ulur itl+ertur¢ t'_l ._ x I IY+. l-:t',r rneanurirl_ the center v,,ii\Lel,...,n_tl'_l:

4.77,-ke\ +'tituniulll line. u ._t_l+,.tct+atin_ i+ uPl+rt+l'_riutu,he\ in_

a rcl'l¢ctitm ¢l't'ici¢nu\ tel +().._ t+\er the ritn._e ~.'_.().--._.._kc\'.

The ¢I'l'ecti,,e thrcmghl_ut (l_rc_cluctof tl_,...,itn,.z,t_llurupcrtur¢ _ind R :: ( Rm,t," /' ..X/:+/\ _ f ¢\1_ (.XI:/.Xi+:I
the el'licierw\) ix _} × I(1.s. t:tw the curie el" the t,,inllt_l¢- ".

+r\stal method. ;.t Ill-urn-diem pirfl_c,l¢ ut _<)mm lrt+n+ tile

tu,'.,+.t-',,+'t.+.inun>,t.i,,,ed :.tl,,,, e. ,ieldn ;t n,,lM-,in._ul;t, ul,e,'ttii'e ,+l" t' }_'l4 × It) -_, ,,muller then the uperture l'or the c;.tn¢ tel it K-t+ e\l+ -(-_/:/'+\/:+` "/I: : l':,u_\+_+l:_/.\l:/, (1_)

rnicroncOl,,¢. Thin ix un udditicm;.ll ut.l,,:.tnt+.t_e(in i_dditit+n tt_ the

eu_e oi" uli._ilin._) in ti_in,& it rniert_ct'G_e-¢r_ ntul ctm_l_inutiori.

ii_ oppt+ned to unit+,".= _+tl+inht+le \vith +tct.lr\ed ct'\ntul. It nht)uld ,,vherc +_I_+ 2 = --_/:l/2 + I + _ / :+( 2 I:t)I• iricreltninu,. +\I:. l+t_th the
teenoted thut there ix nt+nen,,iti\it\' ,_';tirlJue to the cur\+.ttur¢ +.',I incident inten,,it_ ( li,q (+uu_iun i ix dourcumin,, un ,,\ell _.tsthe

the cr\ntul in the I+.ttterc;.in¢ bccaun,,e the l'ilm is l+luced ',.er\ rel'lectivit\ tscct+ntl (;ilu>.,siltri)I+et.'itLtn¢ the detunirl_ trt+m line

close to the cr\st;.tl lFi,,_._. l()(bil, feel'ore itn',, siunilicunt+ uenter is then luruur.. AI:, sh(+uM m+t I+¢ ct',nqruud +ix +.ttt+tul

l't+cl.iSill_ ocet.lrn. As exl+luir+cd ;.tbo\e. such locunin&z \'Vt+LlJd \\idth: in luct .._/+.++is srn+.tllcr tlmn either _1:/ t';r z\l:,.. An

eliminute the irnuL, in._. expected, v,,l+erl ._t:+1<< ._1: . R :-:Rmu,' . In the (+l_POsiteuus¢.

\\hen _'_t:/>> _\!:, . R _-:Rm_\ ,:_t:<,/__t:l . In either curie, the

TheelTcctt+lthemrmocl+irortu.ttt+rl_urlclv, idtl+lirlredu+..'ingtlte rel'leuted intcrlnitv dt'upn ;.in ',,,¢ g_ to lurgcr Br:tgg ;.mgl¢_

contirlt+iurn r;.tdiution purticil+uting in the imu._e ,,,,its ulreud\ becuuse ( It the peek rol'lectixit\ l?m_\ drol+n lor inctcusing 01+_

included {;.tsSUlllin_ ;.thundpuss t+l4 e\' ).We Ilt+\v c_.ilcul;.itcthe end (2) AI:+ itlnt+ drops lor illcl'e;.inill._ _//. SillCe the rcnt+l\irl_

or\ ntitl uttcriuatitm +,+1the huckli,.&htin._ irnu._e fur the ¢xp,.'ri- po\_er t+TAl; is unuull\' ;.tlmt_ntctmntunt ;.isE)t,pchun_en, it rneurln

rrientul ;.Irr;.tll_elllent shown ill Fi._. S_.l()(u). As it turns out. th;.iI AE, churi._,.eslike + I/,,inf-)t+. In the curie t'_l"l'lut-cr\stul

thercsLIIts l'ortheurr, u++_emcrlt in Fi._. _,'4.l()(hil'orul+urticular dillruction v,e ere uor_:l+,..'llcd to l++.t_the l',riue tel reduced

ut_riliuur;.ttit)n ere vet\ similur. It)The ;.tttctlu;.ttitm oi the buck- intetlnit\ it+ etlntlr¢ it li,.tuc ,..em+u,,hfield oi' viev,' (by uoin,, tt_

Ii._ht iilla,._¢ elite to dillruction ulT +tcr\_tul 111t+nocllr(+llltttt+rix Itl+l_¢ Bt_t_ un.,.t_'len.\,.here -_I+ i_ h.tr._er. ¢\¢n tl_ou._h AI: ix

(:q11\' h\' it l'uctor of 2-5 l+eu;.tune the hc;.tt11l't+rn+ill._the irr'utg¢ ix nmuller). \Vherl uni,i._ it curved or\ ntul (Rov, lend +,,pectrcm+_-

quu_i-collirrl;.tted v,.'hen l'ullin._ un the cr\_tltl, et.ur>, the l'ield-t,,l'-vicv, l+rublem ix ()VCI'CtH11Cbucitl.lS¢ tel"the

prtG+ert_+ of l.,,t(w,lend circle lt+cu,,irl,, mtrnel\: +hut ell iu\_

\\"c entirrluted ;.tht'_v¢+.ire+,,tq\+in_ pt',v, er c,l +6 x It) _ lt+r the di\cr._in_ lrorn +.tl+(+irltt+n the circle lull t+il u .Ic,hunn+tm-hent

tt+l++.tzcr\nt;.tl +.It+.62 A: tlli+ or++'reel+tend:,tt+ an eller,+,\ v,+ind+:wv ur\ stul ut the ,,.trne unulc, en;.thlir_,_,u+,,to tuke ud,, unt;.tu¢ _fl'the

oI AE, = 0.79 eV. Tl'ii_ hul+[lerl>,tt+ he nillallt.'r tllurl the _eneiic: hi_hcr rel]ectivit\ ut ,,rrlull t'}ra .... itn<_,le_ ()ri the (_thLu"ilurld,,+_ ,.,. _.._ _ •

4-C\ _builcl\_,icltll annUll+it.'dill the ualculalit>nn ;.thtl\e. %,\'...`l'ir',t nillall l_i'_.i<_._;.in_lc,, ure iil_,t_illltnd_.it¢cl h\ the _et>nlell'it." c'l_il-

note thut the di\erTence t+l ihe t_¢iilll t't_Ci.lnOdh\ ttle rnicrt+- _li'airil_ oI' the I_.i1_¢I\ iicuuill c,'h;.illlk.u'.

,,c.'(+l:lO+.ii+iclirlciclerlt t+rl tllu el\ _i+.ll in nillaller th;.iil ttle _.ln_Lilar

i'ot'lectiori CUl'\e. II'thc cr)nlal _li+i_loi_ l_i't+ltei'l)' turiccl. +.ill i';.t\_ Ptll the c,'a,,et)l" ili¢ It_l+a/ur\ niul, ii \',+u,,e',,tirl+ialccl¢_.lrlier

are Ul+l_rt+\iiYlutelv iriuiclent ai tli¢ url._le /_l tli¢ lleuk irl tlic tllui _,t+ +-=_().Tt)e\ i tilltl +__/:/---1.+ e\", \i¢ltlin,_/7 = 1().(_6/1.2)

rellcuti\ it_ u'ur\e. Ht+_,\e\er, the actti;.il rellectivit\ in II1,+I _irn- Rmu\ -- ().5:i A',uu\. ]'t+ cntin+lut¢/_'mu,,, \_,L'¢Xll;.il:lttl_.ilt.,the clat;.i

pI) 7i',erl h_ the l_euk rel'leciiVil\ I_,..euuu,,col'tlle linilo ,,F)¢ctr_ll l'_+rthe int¢Trulecl rul'lecti,,it\ t;l' tt+l+_.i/l(_ 74 uild Iiricl /_>int

_vicltll ul tlle 2.(+2-,4 lirlc. rhe r¢llcc'ti_rl un u lunctitul t)l -2 × 1{)'4. t:,,ili 7 tllc rclatit+n_tlil_ /"inl =::.+_f7//x/_'m,_\and tlle

',,,;.iv¢l¢l_,gtti i,, ni1111"_l)' l'el;.itc.'clt_l tht.' _.tll+_u}i_irl¢llectit_n l..'l+ll'\i2 ',;.llu¢ t)l .:\t+7/>.t.'nlilll+.lt¢cl iit++t_\c_'. v_¢ lincl /X>ln_l\:-- {).:+_.___tlld.



"11_1,'<,1I /W I¢,I\i, _',1_ I{ _ t, l l_,ltil',f, ])I X+,',_J',I',

l'inallv, tile ctTccli,,c rcl'lecti,,it,, R = ILlS Thi_, attunuutic, n i'., ..\('KNf)\\'i.I.:I)(iNIt_NT

tile price we have to pa_ for I.iSill_2 il IlltHlochl_1lll;.ll+._l + Cl'\Mal lhi,, ,.,,tu-k ,,,.,v, ,,tq',p, wtcd I-,,, the I+.."; I)ep;fftmcnl _,1 I.m.'r.,_'.', (llli,._c _1

for rcdtlcill,: lhc ¢Olltribtllion of I;.11£cl >,cl l'-cllliy, sit'_ll. In,.'rtial ('tullill,.'li;clll I+u',i,m undcr ('tu_p¢lall\c .\,..'l_:t'l_lclll .N_ I)1-I.(II'_-

U2.'qI-I'44<_IL th,.' (:lil'.,ClMt\ ,._I I._,_chu'M,..'r.;111_.1lilt' Xc\_. "1+,u'l..Sl;II_.' I+i11_.'1_._

kc,,carch aml l)c,, chg',m,.'nt ..\tl|holit\. lhc ,,upl',tut ,,t I)( )1 d,w,, IB'd __11_,1i-

Conclusi.n.,,; t,,t,, an cmhu,,cmcnl I',', I)()1-. t,I the ', w,.,,., c\Fuc,.,,,.'d in thi,. arli,.'h:.

The expectedbacklightingand sell-emissiunimages oIa

particularCI] lai'geiIobe imploded on theOM[-:(]:\tlpgradc RI':FKI_,F.N('I':S

arccalculatedfora varietyofexperimentalparameters.The
I. If..\.B¢lhc and FI.li.Salpclcr.in (h,ml.m .Wcth.m,_ ,!Iehw- aml

goal is to image the shell at peak compression with upacit.v el" livo-I.h'ctro, .'_I+,III_I:\C',IdClIliC I>lCsx. Next. Y_uk. lU57 I. p. 2tJS.

the order of I. In this case. lhe image should delineate the

inner surface of the ilnploded shell <or al least its colder 2. II. R. (;riem. in I'l,_m, 5"l,,'<tr,,s,,,l,V IMc(irax_ Ilill. Nc_ Yt,rk.
I*m4_. p. 148. F:q. I(>551.

portion), lhus providing useful information on the compres-

SiOll and tile Syllllllell'}. It is nho\vn that to OVCl'C<.lllle the 3. R. \V. l.cc. I'1. l,. \Vhitt¢n. and R. IL .Nil}tit II..1+ (,)tlalll. Spccl!'osc.

problem of talgel self-emission, the image has to be Radiut.'l'r;m,fcr32. Ul IlU84_.
monochrornatized with a diffraclin,, crx'stal, and that the re-

4 ]. ('..'qlex._.;.ll'l ;.llld K. I) P\alI..Ir.. :\_,Irt_ph.,,,,..I. 144. 121L! (lU6{_).
sultin,, atlenuation of the backliehtintl ima,,e is not severe (by

a f;.tclor of _5). For lhe target studied, tile two image COlllpo- 5 P,. Yaatk_dn. P. Btmrkc. Y. ('tmturie. J I)clcltrc/..I.M. Ftu+s_lh. R. I).

nents are then comparable in intensity, and both provide useful t-rankel. I.. M. (hqdman. R. I,. Mc('n,r_. \\. Scka..1. Xl.Stnues. ,.\..I.
Burck. and R. I':.l)¢qallcs.()pl.('t_llllllUIl.3_I.19f_lltJ81I:I). I..

iilfornlationon targetbehavior.Two experimentalconfigttra- Mauh¢_•<,_,I..J.Ai_pl.I'h__.54.42_',II_l_X3_.
tionsI'ormonochromatic imaging aredescribed:lalusinga

microscope and a flat crystal, and (b) using pinhole inlaging _,. tt. R. Gricm. I'l,.,m, .S/,ccwo._,',qwIMc(ira_ Ilill. Ne_ York. lUf_4L

and a curved crystal in the Rowland geometry. Useful images t-:q.t74,_.

are obtained v,ith simple (undoped) CH-shell targets and 7. K. Cii,scllwrg...\rk. 1+_',.311.359 19t',51.

v,'ithout the need for a short-pulse backlighter beam.
,S. I'l. 5aak_qm T. F/ethic,. and P. ,,\udebert. Re'_. Sci. Instrunl. 61. 1915

I I _YJl )i.

A particularly interesting feature is the appearance in the

self-emission of a circul;.ir spike thal closely delineates the t_. I.al'u,ral_r_ I',,r I.a,,er Energetic\, 1.1.1". Revie_ 46. NTIS dt_cunlcnl

fuel-shell interface but requires high spatial resolution to be X,,. I)()1-t111'/4(1211(1-15__.1901 (unlml'qi,,hedl. p. t)l.

observecl. The optin'_ization of its appearance is studied. Fi- 1{1. l'l. Yaak_bi. F..1. Marshall. R. l-I'_slcin, and Q.Su. "'Mtm_chr_muttic

Ilally, it is shown lhal lllixing of shell lll;.lteri;.|] into tile fuel al i'_acklighting ;ix a I.ascr-I:unitm I)iagm_stic.'" to appear in the .hmrnal

up to - i ()9/ b\'. atom number mi,,hte be diaenosable,, by, the spike. ,,r X-Ra\ Science and l'cchnuh,,.a,v...

LLE Revien; _.'bl..tc 5,_' _7



Effect of Electron Collisions on Ion-Acoustic Waves and Heat Flow

Introduction their contribution to 7has been invesligated by Randall _ and

The damping rate of ion-acoustic waves in plasma plays an m_we recently bvTracy cI a/., 4 who calculated Ihe ion-acoustic

important role in establishing the ihresllold for the onset of eigenfrequency _'ofor arbitrary k,_ii (where _.ii is the i-i mean

stimulated Brilhmin scattering, ion-temperature-gradien! in- free palh)and isOillcrmal electrons.

slabililv, currenl-driven ion-acoustic instability, ancl other

drift-wave microinstabilities. The effect of electron-ion (e-i) It is also of interest to calculate the effective (orgeneralized)

collisions on the ion-acoustic damping rate has been recently thermal conctuctivitv _,"basecl on the perturbed distribution

investigated by analytically solving the electron Fokker- function and comfmre it to the classical Spitzer-Hfirm (SH) 5

Planck (FP) equation for a Loientz plasnm (i.e., neglecting conductivily k_l I. Not only does Ibis give insight into electron

e-e collisions) with cold ions and arbitrary k/].,,i (where k is kinetic effects, but it Call also provide a way of incorporating

tile wave llUlllber and _,,i is tile e-i illean fi'ee path). I It was kinetic effects into l]uid equations. This idea has been success-

shown thai. as c-i collisions are introduced, the danlping rate fully used ill tile contexl of electron heat transport in

)'rises 111on(_tonically above tile L'ollisionless l,andau limit 7.,%. laser-produced plasmas _'_and lllOl'e recently in the context of

reaches a peak ;.it k)t.(,I - (Zmclm i)l/2 (where Z is tile charge drift-wave nlicroinstabililies ill tokanlak plaslnas. 7,<'IIll par-

nunlber and m is the mass), and lhen decreases to xero as hA,,i titular, generalized thermal conductivities have been calcu-

---) 0 with the daFnping rate _luid predicted by fluid theory, lated by Hanlnlett and Perkins 7 (gill') for collisionless plas-

Illas. and by Chting and Callen 14for arbilltirv k/].ci, (o, tlnd Z.

The nlain purpose of this article is to asse;; tile contribti-

lions fronl both ('-eand ¢-i collisions on the daml)ing of the The results for n.'calculaled here are sllown to reproduce the

ion-acoustic waves. Results are based on rlumerical simuhi- analytic results of Epperlein el a/. I obtained in the Lorenlx

lions using a code (SPRING) that solves the linearized plasma approxinlation. In the collisional limit (/,/!.,,i << I) _,"

electron FP and cold-ion fluid equations. We are able to al-lpr°aches /_Stl" and in the collisionless limit (hA,,i >> 1} it

explore a wide range of values of k/].ei and Z by expandirig tile approaches /¢HP. We find, however, sight ficarlt discrepancies

electron-distributioil function in till arbitrary number of with tile results of Chang and Callen. They underestimate k-

Legeridre nlodes, and by tisirlg the e.va('t fornl of the Rosen- by factors ranging frolll 2.4 (;.it Z = I ) to 7. I (;.is Z --_ oo) in tile

blurb 2 potentials (neglecting terms of the order of me/rot). In collisional lilnit.

tile high-Z limil, where e-e collisions can be ignored, the

analytic Lorentz-plasnla results of Epperlein ct al. I are rotor- The introdtlction of a spatially nlodl.llaled inverse-

ered. For Iow-Z plasmas, e-e collisions become significant bremsstrahlung heating source has also been recently shown

and pronlote a reduction in the danlping near k,a.(,i = I, tl-lough to significantly reduce the effectiveness of heat conduction

)'still renlains larger than )'1,and }_luid" Tile approximation of when l,Aci >> 1.̀ )A simple analytic f(wnltlla for k'IB/#_]Sllas a

isolrol)ic Rosenbluth potentials is also in\restigated alld limnd function of k)Lci has been proposed, based on silnulations

to yield sufficiently accurate values of )' (error <l()_)t). A with an approximate form of the FP equation. Here we are

further useful approximation that involves adjusting the e-i able to assess tile accuracy of the _'It_formula and show that

collision freqtiency to sinltilate tile strength of e-e collisions tile rcdtlction in condticti\'ity (relati\'e /_'SIt) for kAci >> I is

is shown to be similarly accurate. Although finite ion-letup- indeed larger than for the undriven case, with freely propagal-

eralure effects have been neglected ill lhe current analysis, ins sound waves.
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Itl the Iollmving ,+eclions. x_¢ describe the electron I:P and for / > 2. The ion xcltwil\ ,_ aml electric licld/: arc Iirnl t_rdcr

cold-ion fluid cqualions and the numerical scheme (5I'l?IN_; in the I_crtLlrbali_m. and

code) adopted for Itl¢ir solution linall\, our rc.,,ults are pro-

.., --4/2 ' 2
se,m.,d and suminai'izcd, l.il(v)=,'Vc(2m',- ) e\p(-_' /2v, )

Eleclron Fokker-Planck and Cold-hm Fluid Equations

Our model con.,.,isl.,,,of a qtl;ISi-llCtllralholllO#CllCOtlS back- isarlequilibrium.Maxwcllian.v,hcrc ,'\'<.istl-icbackgnmnd
I/2

[Zl'OLllldl+la:,ma v.itlt full), ionizccl ion.,. The lull electron I:P clcctrun rmmbcr clunsit+_, +'t = [If/m,. ) is the clcctr{m illct'-

operatorisused,with the cxccpthm of c-icrlcrgy-cxcllan.sc nlalvelocity,and 7_.ixthe clcctrc,n tcn11_craltlrc(incncl',_y

terms (which provide corltril_utic_risof tlIcorder _i unit.',).The velocity-dcpcriclcntc-i collisitml'rcqucncyi,,

m,.Imi<< I).Adof_tirlga pcrlurbaIJtmofIfItclcclrondistribu- uivcrlby

tiorlfuri¢1iorioftIicform

l. ' = ' .( , in>,/r;,
f(.v.v.l)= Ti_{v)+ Y../}Iv.l)l}(B)cxp(ik.v). (1)

/:u where _, is the electrorl c.'llar<,cand InA is the (,otilolllb lu<,a-

rithm (assumed the MIIIIC for hotll olccln>ns and ions). The

whore Jl= PvlP alld P/(].I)isthe /tlil_+cgcr'idrcnlodc,tlle tel'ills('_.c;.ind('[/e(clcfirlcdiritlic,,-\pf)cndix)representtl-lc

Iincarizcd electron t-:Pcqualion (defined in the rest frame olthc isotropic and anisotrol)ic parts oF the e-e c_flli.',ion opcrattm

ions) boc.'OlllCXI() respectively. Since the latter inw_lvcs intcgratioil over the

pel'lurbcd disiribl.ition fl.lnciitm, it i.,, usually neglected in FP

__ ikv ik,i <)l._l . . calctliations. II The validity of such ap[)roxirnation is the
r.7/{_+--.li---v--=G,,(t'D./h)+G+,(./i,,t:7>). 12> _ulqe<.'t of"Approximations to the F'okkur-Plunck Equation"r?t 3 3 r_, •

on p. 72.

The lincarizod cold-ion continuity and nlonlcnttlnl cqua-

.__ " ( ,<,,E _)ui ) rJi+i,
Oi + ikz!liI + iku -- I'_ - -- + --- lions arc
r_ 5"- m,, cJt. r_,

-- + ikNiu i = (), (6)
: -v,,;li +G,,(I-7_./i)+c[,'<,(;_i,,li ), _._1 a_

and

<___> ; 2 as-h
+ - ikc'li + 7 ikvl'_ - _ i],uic'-r_ 3 ' " &' Nin# i _:)u'---2= ZN i I_']E + Ri<,. (7 )

= -3v,.if-> +C[i,,(l.i)../))+('[/,,(51./_). (41 where Ri,.=(4zrm,,/3)Idv-_,3v,,i,/iis the i-e mon-lcnturri ex-

chanoe_ rate. , i is the perturbed ion number densiW, and N i

is its background value. The perturbed elcctric field is calcu-

and lated via l_oisson's equation.

__ / ]+i ikE=4zrlel(Z,_-,,<,). {_1
_) + -- ik_!/)i I + --ikz,/)+l
[-h 21-1 2l+3 '

where the perturbed electron nUll_bcr density is

= -Ill+l-----_)v,.i./)+C,(,.(f.b..l))+G<,'.(l+{i.l)) (5i ",+ = 4srj',_"+v: I{,dr.I "_
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Numerical Scheme (SI'RIN(; eo(le) twoblclu v,c uric ,m ilnl_licil-lntmwlll mclht_,.I.I _,,,,hicll in\ t_l\ c,,

,.\ colnl_utCr code (Et'R/N(;)ll;.In been v,,riltCn to solve l;.tkill_ dcnsil\ and Int_lncnltlnl nlt'ullu'nln t_l lh¢ I:1' ¢tltl;.lli_'ul

Eqs. {2)-(_). It uses a "'1inlc-splilting" schCnl¢ with the lollt_w- am.I sul_stitttlin_ back int(_ 111¢ion continuil\ and l'_lix',,_ul"n

ill_ st;.|_¢s: eqtu.ilion.,,,, iXn ;.ll'jl_l't'_\illl,_llit_ll to Ih¢ ¢l¢ctfic' field al ,t Iinw

(/+ ..\/ ) can then be t'_blainCd lrtml

r)l,. _(__ r)tg)r)l'i)
Hi,+ ___ (accu'luratitm).

<:k m,. /k ,,_' ikl:(t + ..+\+)

,-?/_+ 2 ,0/'i, (viscositvl. [_,.(,)+ iI,AtI,Itl/N,.,,,,+--Xtl¢i,.It)/N,.,,,,+]}. ('Jl

Since we arc interested in hw+-Ircqucnc_ l+llcnomcrla, such

_>/_4")= (_':,l (I'_). i_,)+ ('_1,,(.1_,, t'_,') '_ sotind v,,'a\¢s. Eq. (0)allc, v,s tin to, else time stu'l++'.,lai'uc,'
(.-)/,

111+.111(Ol+,- l .(e-c collision),

+) -(.',iv(l'+)../i)+ C/,',.( /:i,. ./} ) The sot, i;d-\\'ave eigci_ficqtiurlcics arc delci'mii,ud by ap-
-_ - prof_riatcly initializin,- the def_cndunt \'ariablus and monitorirtg

their temporal ¢\'t)lution over several wave f+eriods. In the past,

sirnulatioris of this kind (in\ol\ing the ion FP equ;.ttion) ha\¢

and sufl'ered from the occurrence of +,,,f)uri(+ustransicrlts that re-

quired complicated procedures to filter out the ctwruct

eigenl're(.lucricies. -_'-l'his l-)r+.+blernappears to be associated \vith

/+ I 1(1+ l) the fuct that the +'exact" perturbed cigcnfurlctitms ./i arc riot

c_.i _ I i],+,/) I - 2_ ikz!l)+l v,,i./i knov,'ri a l,'im'i. Rather than trvin,, to gLlCSS./i,;.In|ore satisl'ac-rh 2/-I ' - +3 2 -

tory apf+rcmch is to start with,l} = Iti = ()and tti= I. Tile variables

(advection and e-i angular scattering), then typically ctmvcrgc to the apf_rc,priatc eigcrm_odc.,, \vithin
a few sound-wa\'c periods. (An allcrrlativc apf+rtmcl_ based on

where / > (). The acceleration, conlpression, and viscosity cigerivalue amilysis has also been proposed by TlaCv el al. 4)

stages iII'C ad\anced explicitly in time. In the e-e collision

stage, the isottopic collision operators (\vhich are diffcrcrttial SPRING Simulation Results

operators)are evaluated implicitly using the Char+g-(7ooper 12 The code SPRIN(; provides ion-acoustic dan+lping rates

scheme, whereas the anisotropic operators (which are integral )'/k('+ for different rallies of k_,, i,/"/]+/J. Z. and A. \,,here

operalors) are cvalualod explicitly. In the adveclion-scalieril'i{2

stage../) is solved implicitly at each vch,ciiv grotlp, rising _,,i 37:. /14(2]-r) '/2 1
the b(n.lndary condititm thal f-I = .//,+1 = (). The di._tribtltion = 2__ N,.Zc 4 In A +.

funclitm is defined (in a volt,city incsh with conslalll spacing of

tylfically A+, = (). 125 z,_between z,= ()and 6u r J'/) - +,_lfo], is the l)ebye length, A is the ,iitunic mass. and

,', =(/7;,Ira,'iI+_) is the isolhernlal ._(itlnd speed. The code also

Altcr ad\'ancii_._ the distributitm function in lime, with a c'alculatcs an effective Ihcrlnal ctmducti\'ity ttcfinod b,¢

fixed Iinl¢ step At. the ion-I]uid equations are solved explicitly. #<-=-ql:l >/ik7i: I, .where

Howc\'er, solving Poi.',;scm'sequation ¢xf)licillv to calculate F

can h.'ad to numerical instahilitius when AI(Ol, >1 Iwhurc ql:i' ==(2srm,&)i'lc' +'_li
-, I/+,

<,J,,--(4srA,+<,- Ira,. ) -i., the l+lasmu fruquencyl. It, uvoid this

7() l.l.l. I?+'vicl_. Ahhmw 5,k'
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/'.'1t1_ I _1 /:11( Ik_J\ ('_111_1_\_

is the electron heal l'lo_v and relation can be derived u,,in_ Ihc niamlard fluid Cqu'dli_uin

I IK'_l¢cling xisct_sit_, cfl'¢cln)\_ilh the Spil/¢r-iliirnl IhCrlnal
.,+

#i:l, -- (4st,,,,i,'\'<.)f dc,(v_,i3--_':_',-)1{) co,_ducli,ilv nsil :: )',,(/)X, _,,,4.,.,.,, hc,c lh¢ /-dep¢,,de,,i.
lhcrulal-monduclivil\' coefficicnl i,, al_lWl_xiinai¢l) 7i_c'n b\

is file lcnlperaltlr¢. Since we ai¢ lwiinaril) CtlllC¢l'lled \_ilh }gi(Z)-_ 3.2(i((i.24-f Z),/(I +11.24Z) alltl 711(,_)--_12Si3sr.
collisional efl'ecls, we ch_lose _/) <:< k _I. also. for .,,ilnplicily. The lu'still;.illi di_p¢rsion i'¢lalion i tlsin7 _),/_k...... im i is fllund
vvc'lake A = 2Z. Io bu'

2

1. ,)anlpillgralc],' [ (0) 2"File first test oISPRIN(; involves neglecting c-c collisions k_-]-,- , ( (o ] + I , ( I lil
ailogelher. This is equivalent to using the Lorenlz plasma .s+// /3r

approxinlation, or high-Z Iilnit, since vcitv<. ,, -Z. In tills t/,<, )

i'.lslance Eqs. (2 I-I 8)can Ix" ,,olvod analytically b\ tile melhod

of conlinued fractions (see Ref. I). and lhe results arc plolled where rislhe raiioofiho lhernlal diffusion ralc (2/,-_,Sli/3N<.)
as curve d in Pig. ._S.11. Tlle code is found to reprodu¢o lheso to tile sound transit rate (k_',)aCl'OSS k -1 Since

dalllping rates Vely al.'Ctll'ateiy tlll'Otlghotll the whole rall<_.¢of i= 2yoke,. i (m i "Zm,.)112/3. it ilas bu_.n fOtllld COllVOnicnl Io

k_,, i. (In practice, this requires using Z >> 10"l. I plot 7/k<', as a function of/JkA,, i . _vhei¢

I()ll i i I i i i i fl = (A/2Z) I/2 ),ll(Z)/),ll(_)

is a scaling factor of order unity. The dalnpin 7 rates based on

l-kI. (l(I)tll'O plotted in Fig. 514.11 (dashed curvl:). SPRIN(;

sinlulation lesulls are fotlnd It)be ill 7ood a._reenl¢lll wilh Ihese

asI,_.,.i --->().

....

I(I-I Let I.iSnow consider the nlor¢ interesting case of finite Z and
kl].,,i . The l'estllts are shown ill Pig. 514.I I (solid curves _1-_')for

Z= !, 14,and 64. Starling flonl lhe lai',,¢_,k,;t.<,i Iimil. we nole thai
lhe donlinanl collisional COllllibulion C'Ollles ffonl v-i colli-

sions. [Here. a lal'ge ntlnlber of Legelldre nlodes are necessary

Io ac'cural¢ly inodel the (lainpin 7 (e.g., lypically L - 2() for

I-Jkl't.<.i= I ()2).1 In tile intermediate regime of flk/].,,i ~ I we

10_2 I find the peculiar result thai e-v collisions aclually redtlce lhe

1()-4 10-2 10° 1()2 04 dalnl)ing ralc. The reason for lhis bocoines apparenl if we

flk'_.,,i consider the Ilaltll'¢ el" the elecilon coliisional process. As
P1224

shownby Epperleinela/.1elasticscattering between electrons
Figure5S. 11
i+h_t+ofthed:unl+ingrateofitm-acot_stic_vaves'F/k+, a_lunciituint¢/J/,)+,,, and iOllS _.l\.'es rise lo botll st)und-wave danlping, lhrough
_ hcle<, i,stheisotherinal,,OtllldH+¢¢cl.J.isihcperlurbalitmxva_¢ lltllllbc'r, _t.+ lhel'lllaI diffusion, and SOUlld-wtlvo "tlndanlpill_," lhlol.ltgl]
i_ the¢lectrtm-ionnieanfree lxilh, and[Jis a scaling factor i]J ---0.24. II.O_, disruption of the Landau wave-particle illlCraclion. However,
I).tJ2.and I for ,7 = I. _. 64. and +_.I'eSpu'cli_u'l)I. Solid c'urv¢,,repru',,uull the nltiin collisional conll'ibution betweell eleclfons is 011Ol'oV

SPRLVC;+inmlalion_with _a/Z=1. <hiZ= _. (el Z --64. and{d /= _oThe excllanoe which riots to drive./il toward ti perturbed Maxwell-

dashedcurver¢l¢rs to thefhlid rc'sull, iall. Hence, inirodtlcing ¢,-f,collisions Call acltlaliy reduce tile

dainpin<,_,rate by. bringing<_ ii closer to the t]uid limit. Since

To lesi the accuracy olli]e nuillorical illlplenlenlallon ofihe v,,i/v,, `, - Z, this effect is slrongesl for iow-Z plaslllaS. (Al-
l

c-(' operators we first consider the collisional case (k_,, i << ] ) tliou,,ll_. y does not fall below YI. lklr _k/].ci >().()1. if we

wiih Z = I. in this limit the Legendre expansion IEq. I 1)1 can artificially reduce file value of Z. we c'an effectively ¢xlend Ihe

be truncated tit [ = 1, andJi I api:_rtlac'hes a perturbed Maxwell- "'fluid limit" to larger values of k_._,i alld thereby allow ),to be

ian. Since this is also the l]uid Iinlit. a sound-wave dispersioli less than yi.)
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/,III_ I rJl /'II( IA'_\ {'r_lll_li_\_

"l'l) _1 Ic'",',c'r c'\lClll, t'c' u'_llixi(llln _llx_l 'atlccl Ihc ani,,(_lr_q_lc illlCllllc'_li:llc' \ allw,, _1 /t/,,'{,., \_IIII _l tll_l\lllllllll _>1;ll_{qll It) _,

I'_ll'ln (_t'th¢ clec'll'(lll dinlrihtlti(lll Itlllu'lit)ll (i.c'../ I, /, .... ). I"(ll :\x ill IIIc'1)1c'\I()unc;.Inc'.Illin I_)\_ /c'\_ltlll_lL'l)l(_\itlu'nlllu'_)lnl

u'\anlPIc, lhc' _'-_' c(dli,,i_m lu'l'llln _)11Ihc' 1411St)l I'ig. (._,1:ire P_,,,,il_lc ca,,c'.

rc,,P(msil_lc I_r rcdtlcin_ lh¢ Ihc'rlll;ll u'tmtiucli_, il\. llltl', _i,, in?

rinc ll_ the'/-d¢l'_cndc'nl IhcMll_il c_cflicic'i_l }4_in IIw Ilui_l lilllil. 'l'lw ad\ ',lnla?c _1 IIc'_:.h.'cli_l__' _'_.'_tli,,i_m,, I_r/ • (I I IIIr_uG._,ll

the illll'tltjtlCli('ql ()t t,':_ ) ix Ill',H I']_1',.(._! I.ql I_c'c_ullc";il_...'cl_rai<

_...\l_l'u_\il|lalit>ns h_lhc , Ig_kl,,u'r I_l_.ltlckcgll;lti_m ill ,". ;.lll_.xili_-Ilu Ilucll I]tslu'l Iltllllc'rik",tl n_liili,_ll _1 IIw

l'hc _'_' c_dli,,i_m _>l_cr:il_u'I_v / > ()(nee ..kl'qx..ndixI can be _.'_til_l¢__lc'qu:lli_tl,,.

scl'_avmc'd inh_ :m is_lr_l_i_." Imrl (','., (/'ill;). \_hic'll in_,ld\c,,

dc'vi,,:llix _.'t,I)u',_lli_)iln (m l;, and ',in ani>,(qr()lfic I'_a,l ( "/,.{ Iil l;). t()l) 1 t l I I ! i

which inx_l\c_, intc_..z,r:llI_l_cr_.lli_lHs_ul /i. Sillcu' Ihc I;.lllcr is

lll_llc' dill]cull 1{_i1111_1¢111¢111IllllllCric'_lll\. il is tlnu;.lll\ nc_lcclcd

in clcclroll I:1>c_llc'ul_lli_m,,. IlCrc v,'c illx c,.,li_z_.llcIhc ii_lPlic',l-

li_ms _I nc_h.'clin,.z,I_lh { ",':.(I.il/; ) and ( "'.( ill; ) I_r/> ():lml

how _c can sinlul_llc Ihcir cllccls b,< _H_l_r_Priulcl)_Mju.,,lin_

the v_lluc _l _',. \Vc also bri¢ll,, u'xPl_rc the I_ssilfilil,_ _ll'tlxinU
" • --." I

;I ,.]cncr_lli,'cd c()lli,,i(m l'rcquCnw} It>sillltll;.llC the'c't_lllt'ibtlti()ll _-_,_. I()

lr_m_ _I,I inlinilc I.c_cmhc'-mud_: ¢\l'mnni_m.

l'hc c'llc'ct _ll nc_lcc'lin_ _'-_'c_dli.,,i_l.,, ;.llt()_clllcl (lhC nil

u'_illCdl.tll'¢lll/_G_l'u()xinl_Hhm) h_v,,_drc_,.l_,been tlcllloll,,lr;.llccl

in l"i-.....q_. I1 . l'hCr¢ ,,_¢ s¢¢ Ihm :11);.11Illt)lll Ihc _v¢_lkl\ _.'(_lli-

siomll ,'c_ilnc /j/,_,., >:> I. xvllcrc clcc'll(m c(dli.'.,ions Pl_l.v _l

rclalixu'l\ Inim_r r_lu' in lhc n_und-v<uvc d_imlfin _, _, Ihc I()--'
I() .1 I() .? I()(_ I()_ I()l

,,lnm_l_ c(dlisiomll rc'_inw {/J/,_,., << I() .l ). ,,vhcrc Ihc Ihcr-

111:|1dil'l'tlsi_m r;.Itc ix nluch h.'nslhall n()tllld tr;.lnxil I;.llC. il in nol I.I ,,,

re,incredible I_ nc_lccl _'-_'c_fllisi_mn 1"_)1/ < ('_4.This in cspc-

c'i[ill\'truenu'artheIll;IxiIlltlnl\'aluc()I"y//<(',,_tllJ/,,;I.,w.().()()2, l.,t,,,.;_X.1.7

v,hqrc cVell I'()r_ :-;i')4lhc l,()IciiIliii'_i_r(ixiill:.iIiollloud,,t(_ I_u/ Ila,,in I.i_._x II} I._c,,ult,,w,ln_!i,,_ui,gm'R_,,ciddulhi_uculi_I,,:uc

I_ll'_'C_ L!lrt)ls. di,,Pl.,/,, c.d a,, _,l_,..ilcircle.,,. ','_he,it.a,. Ih_,,,c u_,lny W.,. ,,Ic di',Pl',,_,cd _,, cr_,,,c,

'l'hcl'ir_,I+il+l+rt_xim:ilitmv,c ct_nnidcrusu,,,int_trtG+ic lht_\idu'd\vc_Irctml',inlcrcslcdillIt_\_-lrcgucnc)x_ixcn

I_tu.,,cnlflutlll_tcntials_mlx'li.c..sctlin,.z ('_/,.-, ()).l:igurcSx. 12 Ist,.'l_ Ilult _'o<< _,'<._(_-,_) l, v,cc_in nov,+,..z,oa slcl_ rtiilhcr_llld tl,,c

shuxvn _l u'omParix(m (_I the d_mHfin _ IIllc (()Pen circles) v,ilh the Icchllitlucx _)1 Rcl. I l() rctltlcc I'_qn. (._) (5) It_ _l single

the nlurc ;.ICClll'_llcc_llcul_Hion tlisctls,,cd in Ihc Prcvi_un qtltlIlli()ll.

xCc'liOll. _,/C II(}lC Ihal Ihc ]IIl"_Csl crrol'x (lee'Ill ()\'or Ihc range

,()I<:,[j/:_,.,<:l()l ,,'ill, Hil o\_.',:,ll Ill;.IXilllul|l ()l" ,Ib(,tiI l,,l,: <),,, ),,,[<u,,I()r"_" . Since Ihc rcl_lti\e c_.mll'il",uli_,ul from _'--r' c_)lli.'.,i_lls is il,_lli) ........ t...... i(l' _','.i _' li. (11)1II1_, ()I i ()[I "
In{_nl ni_nil'ic_ml flu" h_v,' /, Itle \Vl)lxl I'_snihh.' cm,c {_ccur,,
v,ilh /_ I.

• I t , I!)

• I,lcrc. I" (I,) I' "1 I t (sd,<,l(,l",) in lhc I{l\_-IlCtlucnc\
The xt'L't}llci _ll_l_l'(_Xilll_ili(}ll IIc'_lcc'ln <'-_' c_dlisilm.', ;ilhl- . . -

.,'clhcr fur / >()(i.c' .,4cllin_ (" ::_.,. ('" :< () 1"()I'/ > ()) 'l'(I _)l'lscl LC'llc'r;lli/c'cl c',,llinion lrc'tlllc'llC\' i_l_ll_ti.xt'tl bx I{l_l_crlcin _'i,/.. I

Ihis lll()rc th'_i.,,lic _il_l_l'(_xinl_ili(m wc inlr_ltlllc'c' _1nll_tlil]cd _vllich ilic'(irl_tU_ilc'x Ihc' Cl)lllrit_tlli(lll lllllll _ill I.c'Tc'litli_' lli(itlc's

cullisi<)n Ilcqticnc)' I',_.,: ly(,(,-,}/y()(/)I,'.,. 'l'hc ncx_ I_ic'hu with/> I. Ii\subsiilulin_ I.:cl.(I I )i,_l_,l".Cl.(2).\vc_rc Icll x_ill_

<z+ .l.7)l(i _ ()._4)h_s ih< cr,:-,.l(>i,.z,ivin,_, _ ._i_L'lc dirlc,r<nli.,_l <gu.<ui<m I,,r i{,. _llich is c'_,_icr l<, _,,Iv<

Ihc c'()rrccl (._il) lhcrni_il C_llldUc'livilv in ihc c.lll il Iilllil. lh',in Ihc (li'iTiiiiil ,,el (llc'l)lilflc'd c'glialilm,,. I h_c'\cr, il discus

i\ i_l(ll (lllhc c'()rrcnl_iUidill Qthillll_in_z r_ilc' Il)l' / i lille' Cltissc'n ni_)li i)llhc iltililcric:il lilc'lhll(ls in\ _ll\c'{I is lltilsitlc' lilt' _,c'lll_c'_ll

ill I:iL'. $_. 12) nhli\vn llml. _uic'c _iQiiill. Ihc c'rrl_r,, _lic' llil_cr ul Ihin aMic'lc,.

72 / / / A',l n'l_: I;,hrm_' _,x'



/'lltl I _Jl / If_ I1<_", ('_dtl',l_\',

3. I:.flecli',e Ihermnl comlucli\ il\ I,," [_ 3.6 i'rl b_.,c_tnc,, '.2'r<lh:r Ihan /., I Ilwir ,,p',_li_l ?radicnl ill

i-igure 5,X.13 ph_t>,lal il_'/l_'.Xlll t|lld {b} al'_( k} ;.in tllllu'li_UlS C_llli_[ll",lli,_ll ',l',acc i,, rcdu,.'e_l..'4into lhc',¢ I'¢l;lli\ el\

_1" fl/,),,., l'_r/::-_ I. S. 64. and .....(s_,li_l t.'ur,,cs). l'hc da,..,hcd c,dli,,i_mlcss cICCll'_',llsu'illlll_._l thcrnllaln/c ill',tanlanc_mslv v, ith

cux",c ,,ho\',n the results of IJammelt nml Perkin,, (l_r n lhernml eJCCll',_11 l,,,lmlali_m (:is required b\ fluid Lhc_u\ ). lilt

colli,,ionles,.., plasmal, h¢:.ll ll.m_ i,, reduced bulo,,', _/sll. 'lhe rcducli_ul iH Ik.'al I1(_\', is

thercftm'_t_,,errledb\ Ifitb;.ilanc¢I',ctv,ccn lhcthcrtn'aldiltLi-

\VIlerxrleglectingc-<,ct+IIisionnII.orcnt/plasma ;.ipprv,\i-ni,,mtalcand the c'--,_'tIicrm:._li/;.Hi_.u_r'atcla',gi',.,,'Hb\ tile

mation),our rcnultnngrecv,iththe;.tn;._I\,tics,,'_lulitmnt+IRcf.I. c_dli.,,i_u|Icrm irvI.:q.I2)I.It_the I.t,rcnl/I',lasrvlaapim',,..im+i-

In the collisional limit (/,,;l.., << 1). v,.e Ila\c 1,,= _'.xll, \,,hcrens titre. ',,,here +'-+'colli'.itms arc neglected _.tttt+gethcr. there in I_+

ill tile cc,llisi,,_nlesslimit (L;t,.,>> I), v,c ha\e effccti\eomplir_gb¢l.\vecndil+f,.'rcntelcctroll-en¢ig.\gi-_ul>,.

_'= "'_ii'= 3{21zr)I/2"V,._"_/I/'Ilnec danhed cur\,...'Ill:'ir_ as iIIu:,,lraledbx theI;._reei',I1ascshiftbel\veenql.l'and lii,ii_

I:ig..",_.13{a)].(The f,,u'rnul;._for/_]II'inI.[linlenIm'gerthml l"i?.5S.1311_I.,\,,,,conin l"ign.5X.13(n)aim 5S.13ibl.the

tilec,r_¢used b\ l-|arnnlellaridPerkinnsince,t',ur.,,indelinedin delmrlur¢from fluidIIle_._r\llletll"_ccomcnnigtiificarll\',hei'i

lermnoIlheisolrcq"ficlempcr;.ilurc7i.p.iComi_arir_eourrcnuIIn r.-_),,.,(m,//m.}I/'-:---I.i.e..\\hcrlIhclhermal-diITu,,i_mlime

withlllonc_,_I"('lmngand Callen,s l_o\vever.\vefirmcorlnider- becvur_enlenslll;._rllllel_\'dr_.U\ru_miclime.An _'-_'c_dlini_.ms

;JI'_lediscrepancyinthe ,'./1.,,,<< I Iimil.AItImugh life;.luiI',,_,rsare ir,lr,.u.lucedlhIenliI'iednv I11¢Iir_il¢-Zcur\c,,l./i_i,..,dri',,cr_

point_mt intheirpaper thatthe\'ttnderenlinlalethe thermal cl,._ncrIoa perturbedMax\vellian;rodthe _m,..et_,Ikirlelic

conc.luctiviI>,b\ a I'aclorof 24 forZ = I.lhinfactoractually cffeclninshiftedh._la!'gcr\aluenel'/'}'.,.i.The plmn¢ diIfcrenc¢

risenup Ic7.II'orZ>> I. I",eI\_.cervqI.I';.tr_,,.IIM' i:.;.ils_consMerablv reduced by IIle

imr,,Muclion_oIe-_,c_dlinionsand becorues nc,_,ligiblcFor

Two meclmr_isr'nnc;.mbc identifiedthalreduce the I1e;.il/= I Iseel:ig.5,x.13ihlI.

llc,v,'b¢Ic,w the SH lirnil,q.',;ll.T11¢ lirsttreeis,caused b\ a

de[tortureol'.lilfrom the perturl_cdMax\vcllian.14Wherl tile Regardlessofthe ,--cthermaliza.lionntren_lh,theel¢clmH

rueanfreeru._tlIc,fl_eat-c;.uryirL,..z,eleclror_ni_,\'ilh\'elc,cilienclonc heall'lo\vcarlnolexceed the "'l'ree-nlreamirlg.'"_',rcu,llisi_m-

{al (b)

a k tiP b -
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I:iguru 5X. 13

I'h,I, ,,1' la_ I_'/_'s_j] and I I-,_an'l _,'1a, Iuncli_m,, _,t ill,),,,. _ hcrc _"and _,'xll arc Ihc cIlculi_ c ',rod Sire/or I liHm Ihvrm,_l v,,mlucl,,, iti,,s, r,.',lWu'li_ vl._...\,, in

I"ig..5,X.ll.thc_olidcur_c_rclcrl_.W'Rl.\:G_imulalionrcs_,it_ithi;_l/: I.ibl/ _:,X, lc_/_- {_-l. amlld_/ - Ileal/ I.atr_l,v_,,,:.tl. Ilcrcllwd,p, hcd

cIlr\crc'f,..'r',h_ the lllq_tlt'l_d ll;.ivllincIland Pclkill,..
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/III( I r_l 1"II( IA'_\ ('_Jlli'_h_,\',

It',',. lilllil ;l"., c_llL'ul+tlcd b\ II_tllllllc'tl +lnd I'crkiN,,, " i.c'., \:lltlc'n_+l /_?/,,+,nlll;.ll,,tlltu/ lth_t',c'l+c'c'liu',ll,,.'ul',tlc'tlltur',lll,..,c'

qlll' (//,/"I/,I)._,{2/r) I '+\' /i.l,_'I. l'lli,, ui\:.',., u', lhc' xL'UtHltt _ll+/d,/_,, _ll'u.I_li',t_l;L\,,'tl _k',circ'lc'n ill I'i_J..':,,"4.1.1..\', ',h_._ rl. (hu

illccll;Illinillltlr(hercdtK'lit_N_',I&'.x'_ilhlhc'UplWrliliilt,,lit>v,l] '.,iIlildC_tll_.t1\lit.'lit ll:.tI.(I2iicurl.;K'CLIr_H,,'I\rc'pr_dtu,',,'the

I",\tllcphilt_l'&'lll,,&_ll tA(-_TC)I"(.X21) I.....(12Xlf/,.2,,,) ,lltli¢uc.,,_'llr',it¢.X'l'/¢l.\(;'.,illltiI',llitullc,.,ull,,,l't',rutmll'mri,.t'_ii.

(du,,hcduurvc)illl:i_.5,X.l._(_i). th,,'xultlc'-,t_ln,lt_r',luundri,,_.'ill_l',r,.u_iIctlr\,,'/ I ill

l"i_.5X.l.'_('<iflu,,',il,.,t_lwc'lll_It_tlct.lilll'iL'.5,X.I-.I.

( )thor lm,cc'.,_¢n t'_tn ul,,t', _.tll¢c'lthe electron th¢rnlul cottchLc-

it\it\. In_.ur,,_.'-l_rcm,,,,truliltiI+L, llc+itiil_, lt_l+ ,..\,lUll+It. I()<i T -'C_,,_ + T + " I 1l+v'ul¢r¢nli_ill\ ll¢uI_ Itlv,-\¢h_cit,, ¢l¢ctrtm,,. v, llit'h ill ltlrvl

{IIl¢ll()lllCllt)llll_.txl+CCllr¢CClll1\ill\cstig_.ttc,.l+.UltIsl+,_,,,,nIt+,lulx¢ 11)I

;i n,_,l'l,c_.i,lI illlp,iu'l t',,l bt+dll IiI++illlC,ll;iI',itl'i ,,,ltl ,lill,ttl+.ilctI II'I \Q_\ ill+rillt+,uin _,cuttcrinu I< in lu>,Cr-l_rt_duccd l+lu:.,rnw,. l'h¢ u't',rl'c-

1
ntmlJnc:.tr l"l> c,.idc .'_'l>..tlCK:tile l'oll,,w,, in,.z,ml+.tl\tic,11 lit It,, tllc '_":

si111ul;llit'U+l'C_,ultsIll.inbeen prt)l_tv,,cd:'_ Jf I() _ "

5J+i_+.....................................

_",xlI i +.( _<)/,A,.)..+i_.. (12) I() _ C_\ "_....
\_,llurc+2..,.::_.:.ill'-/4%,\_.<,./I,_ iI\ i,,lllcclccll't'ultlchlcul- .+,........... I ........ t ............ t ........... I ............ t ........ L...\.J..

, " . i;" I() - .....
i/mi,m I¢n_th m_d 11_ ly<,l/)i>,,,(++)l-,A, ,+,<,,,<,<1 i,, ill-l ll) z i()(_ i()_+ ii).l

14¢1.i). CL'l'l;.iin Clil'¢ iX nccd¢d in tl¢l'inill,,_. / for Iliullispcc'ic_, lJ/,,t,.,
itm,,.) Th¢ I¢nlllling cht>dl¢dCtll\c (11t)l'(+r/.-+: I i,< l+h_ih.'d in i.t.,,,,

I:i 7. ._X.14 it,, u ltlnclitUl t)f /JJ./t..7. ,.'\lill/)tl_h th¢ tlri_ill;.il I.iTui-csx I.i

nillltill.ilit+ll r¢_,till',\_+cr¢l'++i',¢tl()n+.il\_.t+-l.¢_¢lldr¢+llltitl¢ cxl_;.lll - I>h,i_,I _/_<',il+t_u lunc.ti_ult_t /l_,_,,,i,,r/ I _u_in I'iL' $X.I It. litre thu
,,,ion for lilt" di',ll'ibulit)n lunclitm (i+¢.,/, --- I ). lilt' t'tllilrihulit)n tl+i_llc,tl ++.tll,,c,rclcr,, It_ Ihc' ;lliHl\lic Ituiilulti lill +#X'lllill,lilt 14c'1 IJ), _illll circlc,,

fl'(HII hiThcr-tlrclcr lll(}tl¢ _, h_ivc b¢cn in\c,,,liTutcd by I':pl+erl¢in It'pl+c",qlil ._,'/'A'/.\'(; ,,iniullilitui ic'xillt,, ',+,iih iili in_cr,,c t+ru'lii',,,Irlihltili<L'
ht'_il i ll.12',,iill ic't'.

;.ind .Nhtu'l(' lu,,in 7 _i_¢ll+l_.ili/t'd c'_+lli,,itm lr¢clu¢nc")' i" ill' lilt'

1)p¢ di_cu_>,cd in "'..\r)l+rt+xinlutitm>, Ill lilt' l'tikkcr-I)llinck

CClUlilitul" I iillcl ltlUllcl h)bc nt'{zliTiblc. _uniniilr) +

Th¢ clT¢cl ill cl¢cirtln ct)lli,,i(lillllil,,' till the tl;.llllI*lill 7 tll itill-

I lcrc, _\¢ +ir¢ ublc tt_check tm Ih¢ +.ic't'tlr;.it'\+t)l l':g. II 2)b\' +imtltl,,li¢ x\iiv¢_, h;ln be'ell in\csliT+ilcd bv iitllllU'liC;llI\ ,,tll\ in L'

u',ill7 ._'i_#71.\'(;\_Liill ;ill in\¢i+nt..-bl+t,in,,nlr;lhlun7 hclilili7 ntltll-C¢ lilt' ¢lc'clrt)n !+1> iilltl c(litl-i()n-l'luitl ¢tlU;ilit>il,,. Th¢ ¢(+t1¢

t)l tll¢ t)p¢ I+, (._'/'171,.'VCI)tlc'\¢lt)l+¢d ltir thin i+til'l+t_,,+I¢l+rt)(Itlt'¢n ih¢ ;ill;.tlviit'

r¢,,tilln I+1"¢\it)u,,l\ tlbl;.iinctl lt)r _l I+tlru,nt/i+lti,,lil;.i (i.t'.. \_.ilhtltlt

I () (l,, (.i/i) +'-(' ctilli,,itin,,).
77,;t;;Di;

"l'h¢ inlrtlducli(ul (if <.-+,ctillini()il,, ,,lit)\\,, lll_il lilt' I.()rcnl/

til+l)lilXilli;itiiut ik ili;.itlotlU;.il¢ ll¢_ir lilt' i+¢;ik ill Ih¢ tlliliillin 7 r;il¢

inn¢rlc'tl till the l+i_2hl-hillltl ,,idc {)1r ILg. 2 ). \\h¢r¢ tit ],/I., _ (/#,,./##1, )1!.'f I.tir 1,/].,.,:. (/,g./,#, )1/2 ;.ilitl /< (+4.

+'-_' c't)lli',ltUl', rl+'tlucc lilt' tl_.illil+ili 7 Itil¢ bultl\_ lh¢ I.tu+cnl/

:--:II + (",.,/+,,() )-+l I ,ulu¢. ihtltlTh it ,,fill I¢lil;.lin_. hiTllt.r ih;in lilt' 7ilu,,l iili<l }t'

i\ t'tlll\cni¢nt +il+l+l'_)\illl;ilitlli llml in_,t)l\c,,, _itliti,,lin 7 lhc

;.lntl (_4)in Ih¢ li7111-\_i\¢ ll'c'Cltl¢nt'\. The ct_dc is lht'li run tlnlil +'-i ctllli.,,i(lil I+l+¢tlti¢llC) It) lill)tlc'l Illc ctUlllibulitln lltllli <.-+,

tilt' clinlribuli(li+ ltillCli_)ll r¢;ich¢n ;i ,,It'_itl\ ',l;.ilt'. In till,, c;.in¢, c_llli,,it_il,, It)r ] > I h_i,,bt'¢n Itlillitt Ill vit'l_l crl+tli+,,t_l tip Ill I() r 7

i(in llltlii(in chic,, lltll pI;.i) ;.iniTililic_tlll it)l¢. Th¢ ClUTCN_t)ntlill 7 ill lhc tllillll_ill 7 r;.il¢.,,\ lurlhcr 7u'iicr;.ili/_ilitln tlllh¢ <,/ct_lli,,itlll



1.1/1( 1 _1 1.I1+ /t,'r_', (+ d/l',/r_",",

l+l'eqtlCll+,.", thal ,,,illlUl',ll¢,, Ihc ,,:tmlril',ulit',n I I,_lll all l u,_,emlru I
_" "#i!E (I _ I)II+ ") I-" I 4)

m,,'_de,,v, ith I > I ha_ 'al,,t_N.'e'.i di-,ctl,,,,ed. + 2(21 + I) _,' (21 + 3) I_ : (21-+ 3 I

(';+Llculaticm,, _,+i the ,,.'ITecti',,,.' thermal ctmducti,, it,, i,,"lt_r +.I (I 2 + ._l .... 2) I
l.t_rent,, lqU_ma h;+r,c ,,,ht+\_,rl >,i._nil'icant reductitm from tllu + _7-;-: ....... + I(1 -I) Ji
Z a.',high ;.l_,t",4.+'-+'ct',lli,,it',n_, ¢\lend lhe \ alitlit,, tq lhe fluid \_.here

al+l_roximation lor Ul+ to l,:.,;t,+- I()2, It] the limit a:,,
*i _

I,,,,I.,.,._ . I,,",tl+l_rt,;.Icl'le_th,.."_.alue ._,(2,.,.-r)I'- ,\+ _,,,'/, pre- I];, ::- 4.,"i"J l,,w-+"Ju '` ,I]], ....... .,Idieted h,, H:trnrnett und lk'rkin.,. _,-_5; " -.'"

ttcatinu the l',lu_rrm v, ith _.tq'.miall.x rn_dulated in,,cr_e- and v,., (_,)==4a"?,.',(c " /,,++,.)-, In.\/{'+' i_ the ,,clt_cit,,-dcpcn-

l_rcrn_,,tral_lun_heatin_tmrc¢..ar,,l,,td,,in._l'c_rlhcqeud\-qat¢ dent ,,,-_' c_'_lli,,it_n l+requenc.,,, llere v,e note that

di,,tributit'm Iurwticm, I_a_,I+e,+'n_ht_v,n I_ Iurther reduce/,,'. The (','.,.( li_, li_) = ("_/,.(,lil..li,).

accut+auv oI' +.t+',irr_lfleurml',, tic lormt_h.t l_t'e,,+i_m,,l) dcri,,u,.l I',,','

_'11+,ha'-,been ,,erilied for Ul_ tu /,,A,,i + I() 2 Ri,:FEREN(,I':_

1. t,. NI. I:.l_l',crlein, R. \V..":,h_+rl. and .\. Nilllt+li. Ph', ,,. I,tu_. I,,.'tt. 69. 7,5

,,\(" K NOW L EI)(; NII':NT t _,,2

lhe auth_,r ',t,.:kntw, I,.+',_I_,_',,man,. u+,cltll di,,ctp, sh+t+,, v, ill] R,d_c;'l \V..";M +rt,
2. Xl+ N. l£t+,,cnhluth. \\. NI. M+,tcl)_mald, aml I) I. ,lud,.l. Ph',,,. l,t;.", 1117,

\ll',crt Nilllt,ll. ;.111+..IMark [)r l'rac_,. Thi', _,_.t_t'l,v,',t', ,,Ul+Pt_rted I_,, the t'..g, I I It)571.
l)et',arlmcnl ol +I!n,+'r_} ()ffice _I Inerti',d (.'t+nl'im'n+i,'rtt I:u+.,it_numler ('t_t_l,era-

li',e A_recmel+_l No. I)Ii-FC'I)3-,2,gFIt)4C,!:. the t:m,,er,,it._ _+lRocheqer. and 3. ('..I. R_mdall. I"h',', I:luid,, '5. 22.+,1 I It_g"L

lhc Nev, York .glare I':nerg._ I+.e,,earuh and l)e'.elt+l-,menl ,.",ull_t_t'it,,. The

',Ul'_l',t+rt td I)()I': ,Joe,, not con:.,tittm+' ,m erk.l.or,.,erncnt I+,, I)()I: t_l the '. icy,.., 4. XI. I). Tr',,.'_,. I!..X. \Villiam,. K. (i. li,,l;.d'_rt_t,k..I.S, l)c(ir..,_t,t, and .";. Xl.

e\r, re+.,,,ed in thi,, article. ('amerun. Ph,, ,,. FItHd,, I+ 5. 14311l I _)'-)._i.

APPENI)IX: THI'. EI.ECT!Z";:.,-P._...+CTRON C()I.I.I- _. I. spit],.,,+..;,-.u,,.tR. tlii,m. I'h,,,. R,..',.S'._.,77 _I,._.'_.

_I()N ()PF:RAT()R ., I':..M. lil+l'_erh.,in and k. V++.Sh,_rt, Ph._,,. l:luid,, I} 3.3()'_2 I ItJ, l ,.

"rhe isotropic and anisotrol+ic l,'trt.,.; ,:,lthe ccdlision operatur -I

ill'12 ._i\CI1 hv 2'1!) ,. (i. \V. Ilammelt and F, \\. Pcrkin,,. Ph,,,,. R,-".. I.ett. _,4.._()ltJ ( I{Jt,qii.

,";. Z. ('han_ and ,I. I)i ('allen. F'IY_,,. I:ltli,.I,, t_}4. II ++7t I'0_-,_2I: Ph', ',. I:luid,,

', ' __j_,r)[ ' I] .',+'_)/} I[()__r_,t 2 / <'1 );.... I+ 4. I I ,",:2( I','._2,
(,,,+(.I,I..1}) = +',.,._' I]1 +-_ + ,

tj. t!..M, l£pl',,..'rleilL Ph,, ,,. Re_. [.ell. 6_. 2145 119_-)1)l:I':. NI. I:l',l',erlein and
ttll,t.l R+ \V..ght,,rl. Ph',,,. l:luid', I", 4. 2211 I It_t)2).

I<). I. Pt :ghk;.tr<ff_kx. T. \V..hduP..l,,r_. ;tt+d ._I...\. l'l,:tch',, rP,ki. lhc l'+,li+.h.

C(', " '

J_dm',hm. ,I. _lalh. PIP, ',,. 7. I.-153 I I{)t'_,).

II. I:. ,M. lil_l',erlein. I.,_,,r ,ml I',rn+h' Ifl.,,_ 12. 257 ( It)t)4_.

= x',.,. 4"n'3/i.f;, +--fi I_] + - ) I:..1 s. ('h_,,,-'m,,.I(;. (',,,,r,,..,-..I.(,,,,,i,t,t I'h,,, t,. I ,I,n<,,.' (,- , _ . .

I?' R..I..kla,.tm..I. ('_+ml',Ut+ I'h,,',. 41. "3._ t l,Sl ,.

14. A.R. Hell. Ph',,,. I:lu,.l., 26. 27tJ <It),'4 .I i.

.... [ (/ )P- d-.Ii) (I+ 2)(I+ I) ,i I
+2(21+I) ,"_'- 21-_7,_-{ I "+ --i-/ i_ R.V,Sh,,r_m,.ti.:..',_.tir, r,,.,rh.,i,.H,,,,.k,.,,,.l.,.,H _,_._:_,Y7_t,,,_"_:

II...\. k_,,e _,ml I). I'. I)ul+,t,i,,. I'h_,,. I'luM ,, t'1 4. I_t;4 (I,{_2) ' I.. X1.

] I':t',l'_erlein and I,P,.\V. ,ghut't. Ph_ ,,. I:luM,, I+,4.-I lt._l)I Itl_)2 _: II..-X. k_,'.,,.'

I(I

2/ 1 +/

I_+. .\. I+ I,;m:-dtm. I'h',,,. R,.'\. I.,,..'tl. 44. 575 _t'+gl),.

LI.t: Rmicu. V_,hu_tc 5A' 75



Particle-in-Cell Code Simulations of the Interaction of
Gaussian Ultrashort Laser Pulses with Targets of Varying

Initial Scale Lengths

lntrodLlction The c',llctnlali_m,, x`¢̀lc c',uv'ied _ml ```ìlh the I I _'-I3 n.'lali\ i,,-

ll.A! I-. l"lecln'_m ,,c_ltlering due t_ c_dlini_mnSince the advent o1 ultrashort laner l_tll,,es I there has been tic Pl('c_dc I.1" ' ' • _'

interest in tile interaction oF such Pul_,es x` ìth s_li_l targets, x` ìth tile ion,, in included u,,inu _t Xl_mh.' (',u'h_ I_d;.It_l ;.'! Ihe

,SexeralnexxnltMest_ll:ts,ct-l_l+tsnlailltCl'aclitmathighintcnsi- end t+leach time st-,p.:l't+ll'ealy-l+tdari/ed_l_li_.itlcinci-

ties(I_-"> I()I_\̀V/cm2,Zlm2_llaxcbeen identilied,the rm_sl dence. ,,inlulatitmn,trc_.It_llChx tran,,l_rnlin_t__irelerence

irnl_ortatltbeing "'vi_cuumlleatin_."'2v,hichdomiUlate_,oxcr lranl¢nl,_``iVl._illlheli_.in'.,\el'nodirecli_mv,ilh\el_.ilxi"!._t

resonanceal_,,CU'l_tionx`h̀en .,,taleleilgtllsarexor,,,.,llort.Tllcsc ,,in#,\vllere0 istileangle_I'incidence._Thi,,nletll_d',ullers

nexxahs_._rpIionmechanisms. _ xaelliismmlincar res,mancc I'r_mlt\v_linlilali_ms'I;ir_,t.itd_u'_,n_t m_del riMqing_U tile

_d_',_ri_lionI\\axehre:.|kingl,are u,,uaII\studied_,vitlla PI(" critici|Ihurlace.\\liichI_ec_nle',',igniIicanlaI'_\e I{)Ix

(p',u'ticle-in-c¢ll)code.Inone scric,,_Il>uhlisllcdresultsllOlll _VICIll2 um z;_ndlead,,l_a more temple\ ',_ngulardi,,triht_ti_m

PI("sinlulation,,,tileinteractionoI l_-polari,,.cdlightxxitha oftileincidentIm,er light.Second. iltlarvaean_le,,,lhe ma\i-

l'da.',nla_xcr a wide rangeof irradiancenand scaleIcn_._thsis mt_rn dcnsit\.\xlIichtran,,l_umsa_ ,,./,,= 7 _(',./'",)•

described.-_The rangec_xered in these,,inlulationsincluded v,here

the |l'iIllSiliolll'I'OIlll'¢sOllilllCeabsorptiontoX'aetltllll ilcatin,,

TilesimulationsxxerecarriedOtllIoi;.iCOllsl_llllpulse,and l'ex`` _ (r,l ::sec0.
detailswere I_rovidedon tileheIlavior_,dtheIieh.ls_md oftile }.'= I t c
i)la.,,rna.()tileri_ublinIlcdresultsof PI('simulations4 hax¢ ,_ '

concentraledon the efteelof the radi_.itionpressureon the

moti_mt_ltheitms atintensitiesincxces,,t,l"I()Ix\Vlcnl2llnl2.

Abt_\ethisinten,,it\tileinteraclionentersatlc_lhcrre.,,inl¢in becomes vet\'lar,,cXvIlicllIorcc>,tilelime,,IcI_tt_he\cry,,mall

v,lIichrelaliVisticcIiectsI_ecomeinii_ortarlt.We xvillnt_tdeal and tilent_nII_ertd"particle,,tt_he largeint_tderit*t_blain

v,itlltherclatixisticte.simcinthisarticle.Inch,lentall\.Vlast_x rcasorlahl¢tcsult,,.Nit_,tt_ltll¢run,,xxeredone x`ìth5(),{)I)I)

codeshave al.,,orecentlybeendevelopedtostud_,thesenonlin- p_rticlesand with a me,,hsizeof 5{)()-I{)()()gridpoints.The

ear absorptionmechanisms.-_ absorptionfraction,delined as tileinternalcnergx in lhe

pIa_,madi\idedb\'tilecL_nlulatixeinputeiler,,'_.,i,,calculated

Here, \reI_re.,,cnlSinlulation.,,inwhich a l(I{)-l,,GaUlSsian intxx_,,x_,,.,,:Inthefirstxva\.theinternalencrgxintheIqa,,ma

puI,,cinteractsxvilllpreI'ornledIdasrna.,,ofvarxingscalelengtIls, i,,ohudncd asthehum eltilekineticcrier:_,>oxeralllilti>arlJ-

These ealculalionssinlul;.|teinanvoftileactualexperimental clcsllIintlntileinitialinternalener_x _I"tilel>la,,ma.In tile

conditionsinwhich laserpulsesareprecededby eitllcra hmg ,,ccondv,a\,tileinternalcner_)incalculatedbx subtractingtile

,&SE pulseora pedestaldue tt_importcutl_ul,,ccxp_msitmand clectrtmla_ncticcncx'g)in thel_t_xlrtm_tiletiFne-integrated

recornpressitmincllirp-l_ulxcdaml_lificationschcnles."l'llcsC l_c_)rUiilgvectoriltthelelt(inl_Ut_l_>undarx.Idcallx.tllcxCIx',t_

sinlulations,c_.|rricdout_tan irradianceof I()It'\Vlcnl_,Zlnl2, nl¢lh_dsSIlould_,_ei,,Ithesame aI_,,orI_ti_mfri_ction.

nc_irtheirradh|nccsreachedinn_ms cxpcrinlents,includei_m

moticm.A setofsimulationsxva.,,carriedoutwithelectron-ion Transitionfrom Resonance AI_sorl}tion

collisi_ms included. We l'ind that ohscrxablcs like tIle ahsorP- to _'Iit'l.llllll lteatinl_

ti_ml'raetion,the l'ast-clcctrOiland la.',l-ioncnerg),and tile In\;.ICtlUIllheatin.._,2tilehmgitudini_lelectriclieldd_e,,m_t

l_roductior_ol'harnlor_icsdepend strongly_mthe,,talclength_I l_enetratcintotileplasm',_bccau'.,e_Itile,,leepden,,itxgradient

tileinitialproIilc, butrei_che>,itsm:_xiIl]Unlx_dtleinthe,.acut_i_im.'_rtheI'da,,_na



l'_,)Ulltlar\.\VhculCICL'(l'tlIl',,r)¢netr',it¢iIltt)tilt'\',iCtll):_i\xiththe \_II¢r¢,J,ix lilt.'i,I",t'l\_a\c'ictl_zth.lw)l.is_X.l_,I,Li,ill \\ilicl

ri,.,ht timinL,. Ille\ _lr_.';wccler:m.'d otll\,,_lrcl I_\ lh..' I_u_e I_m_2i 'dr< I'_1,)1t¢_1Ihc' Ii;llC'C_'l_ui¢-, t_t ,,cl¢,.'lc_l ,.'lc_.lr_)ll,, (,..\or\
l).klimll ¢l¢clri_.' licM. 'l'h¢_ arc II)cl) lurncd iil'l)tllltJ I_\ IhL' ]i)()()lh) no,jr II1¢ crili_.'_tl ,,url;wt.' I_u ;i i.'lUl,,l;llll irl_l_.li;llit.'_'_)1

o',cill_Llin,L'fieldand lh¢ ¢l¢i.'ll_,,t;llicp()Icnli;iland r)eilclr;.ll¢.s.I()I_'\\/i.iIi.7LLIII2,;illilltitlc'lll',in_21¢_,I4().;ImlI./>,I.\_¢

intothe,,_)lid\vith\eh)_.'il\_'- _',,,.\_hcr¢11_¢\dep_),,iltheir _)l'_,,¢rx¢the _i,)\\lh_)Ililt.'el¢ctr_mpl;i,,nl;i_\,i\¢unlil\_;i\¢

ClICl'_2%.\'l.ICtliIlllhealinL'lw_.'o_|I¢,,the clt)lllilltIIll',d'_',_)rpii_ml_re,_kin_',t,lrl_,',If;li'i¢)tll()() (_)(I I \\';I\¢ l_.¢',_ki,i-total,,I{_

mech_lni,,m ,,_}lcn lhe (),,(.'illal()r\ _)rl')il ()1 Ih¢ ¢l¢cln)nx ill lh¢ {)L'cur in _ ra,' h)l)l l,)',hi()n in Ih¢ r¢,,,,_,_nt.'c n.,,..,J()n_,,Ih.'n

l_i,,crli¢Idl_cc_mlcsl_u_cc,uIG_u'edtoihc,,c:_I¢l¢iLL,th.Thi,, ¢l¢cllt)norl_ilsu'n)s,,.lhc cleL'lnmtraicu'h_ri¢',l(u \;iCiILIIll

can ,)tourI'orcilhcr\or\ ,,I¢¢pden',il.__nidienl_)rxer\ I_u,L'¢ h¢_iliIL,_',sli_)\\n illI"iL'..SX.I5(I_).',li*)\_:ix¢r\ diII¢renllwh;i\-

I() I'_ \Vlcm; l,mi 2, a)} inL'klc))l a))glc _)I 3f) . aml 1.12, : ().()()i.

\V¢\%illtlinCtln_,lh¢Ir_.IIl,,itJonlr()lllI'CX_Hl;.IIIC¢ab,,_)rl'_li_)nh) ._IaI'Iill_\,,ilhtheiir,,lpcri()d_)Ilhcl_incI.',tntlI()It.'iit.'h,,tlc'U'C",--

\actiumhcalin_Iorlhenonrelali\i_,li_:inlcnsil,,rcL'imc.I,;I.-"< ',i\cpcri{)d(/-:2ze).elcclr,)nsarcpulled_)ulinh)lhc\;iL'tltlm

I(it'x\Vlcnl--'ilm2.\Vc _ire¢spcci_ill\intcr¢,,Icdin limlin_ ;imlrelurnctlh)lhe ,,()lid\,,ilh\¢l,witi¢,,lle;.Ir_",)x,..Inter¢,,tiil_

"'obser__d_le,,.'"e\l_crinlenlal_md iluincrica],lh;ille_dh) lhe nlruclurcsCa)l;_l,,()bc()I_sc'ixell:lhcsuc'cc,,,si_c'h))i_;i)Itlsh()rl

deI'initionoIlheregime.I.ixperimenltlloI_,cr\_iblc,,includethe _)rbil_,inl_)lh¢\tlcuumc\or\Ix\oI_,,u'rperle)d,,',imllhc,,ni;iIIcr

_ib,,()rplionI'i_icli,)n.the I'ti.,,IclcclronXl-lcclruln(deduced Ir(ull _)rbil,,_ ilh_i"'period",)I()ne-h_iII_iI;i,,crpcri()d.

h;.lld\ I_i%",, A'itt.'llli',SiOll,tIlltlclccIl'{)nnpec.'trollleti'\).;.llldlh¢

harmonicelni>,,,ion.Numeric_iIoh,,cr\_iI_l¢_,includeih¢e\pcri- The diII'cr¢li_:cillthe I_)n_iiudin_iI¢I¢c'iri_.'ri¢Idpr()rileI()r

mcnulI ob,,er\_|ble,,,the electronphrase,,p_|_.c.lhc elecln))i lheI\\oc_,,exinq_o\\ninl_i_..'iX,li)_l()n,,,\\iihthe¢Icclr()n

ira.ieclt)rie,,._indtheIongillldimllcleclricIicldpr_)Iile.\'eI()ci- densil\proIile.The eleclricIicld,,ho\_n here._imlin _III

lies arc nt)rnl_.ili/¢tl it) Ihe \el_)cit\ o1 light, pl),,ilion,, h) ('/l'_ I, ,qit_Xetltncllt 7rl.il_h,,. is the o,,¢ill_lliil{Z Iield i.i\¢rl.17ctl ()\¢r i.l

and linl¢ 1o (IJl) I \\here (d_)i,, ihL' Ira,or Ir¢clucnc ). r)criod _dih¢ la,,t.'r li¢ld noilll;ili/¢cl 1oIhe inciclcni llmTilutlili;il

ch.'ciric I'i¢ld. in ihc l'e_,lmilllL'¢ ab_,orplion c.'a_t.'1t_i7. $,_.Ih( _l)l

The dilTcrcnce bel\vc'L,n rekOllande ab,,or[)litm i.lncl \aL'uunl Ihe r¢,,Oll;inl field ',il lhc c'rilic_il ,,urlaL'¢ i_ ItilTL" c_ullp;iretl Io

heatin7 _.'anhe readil\ ',ecn b) i_lollin7 Ihc ¢lcclron li'aiecl_)ric_, ihe incideni liclcl i.llltl t.'rCillCk i.i "'h_qe'" in ihc clcn,,it.\ llr_ffil¢

(oi'bil,, i il)r 1\_o ¢\lrcnle ,,c_.ileI¢n{zltl,,:/./_ ....I i.intl i.1_ _--.().()(il. ttu¢ to Ihc i_oncl¢lOlni)ti\ o I_)rcc. lii lh¢ \ _.ic'uunlhealin,L, c'_i,,l.,.

(at RL'_onallL'¢ al'_,,_i'l_tlion ( b i V_<ictltllll heroin7
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t:igure 5x. I¢_
F'eii_,d-a',cragcd o.,cillalin_hul_llutlin,ilcl,..,v'lli,,.:llcldand elcclr_,ndcil.,ll}l_,rl,tih.,lqlllh,...Iv,(:,cd..,,...,,illFie.5S 5.Ihe clcclricIi,.Idi,,mqlllali/cdI_lhc illkH.l,,.'Ill

h,w,.z'iludillal lield.

thefielddoes m_t penetraleinlotheplasma and displa}sthe l_igh-denql,,plasma in which e!ecironsare de,,cribcdh\

s,,vellingexpected neartilentII'l'ao.2t+l"tl ctmtltlctt}r.l'hepeak Th(muts-Fernli.,,ttttistlcsand ionsby shtwt-rangeinteraction.

\alLie_qthe fieldinthe".,actium heatingcase i,,much lov,.er Atomic pIDsic,,,ln(_cess¢.,,such,t,,i,,ni/ati(mand radiati_mare

than thatinthe resonance al_sorptionca.,,e.,-\xwillhe di,,- notincludedinPI("c_de,,,althtmgh_,t,meefl(wti,,beingmade

cussed bclo\v,thislea(h,to much Ira,,..crhol-elcclronenergies Ioincludeioni/ati_,_.:'

for the same irracliance.

, In this >,ection xve present the resulls of the stucI_, _1' the

The transition from tree regime to the other is complex, 3el interaction of a l{}O-fs (]aussian pulse (full-v,idth at half-

it is n¢ce,,sar\ In ul_derntand the changes that are occurring ma\imuml with plasmas of xal}ing initial elccti+(m and ion

during ihis ll;.insiliOll becauw ill;.in_, expcrinlenls arc carried dcn,,il_ scale lengths. The inilial scale length i,, \ aricd in (liclcr

Otll tinder these, <mditions. The nlosl Mraighlf(_rw;.ird \va\ to lo ,,inlultilc illan) prcscnl da\ experimei_ls in _hich a prcpulsc

Mtld_, lhi_, Iransilion i.,,to \ar\ the ion densil) profile, holding crc;.itcs a pia_nl;.i in fronl i,l ihe solid .,,url'acc bof(lle lhe arrival

ih¢ irradiancc fixed. In ihis _ av we avoid the added colnplex- of die main pul,,e. Sinlulali_ms _viih a (iaussian pulse can

ii\ lhai w(_tlld arise fronl chal_°cse-in xuch quaniilies as ihc model more realisiicallv lhan conManl pulses Ihc produclion of

ab.,,orplion fraclion and Ihe cleclron maximul_l energy due Io IaM ions and lhe eflccl of lilt.' Icnlporal \ai'iali(m of lhe irradi-

change,, in the irradiance, ante on the abs_wl)tilm fraction, on the produc:lion of fast

¢]¢CllOns and ions and ()f halnl(mic>,, and till ihe tlisloMion of

lnleriicti(in _vilh (;ausshin Pulses lhe densiiv profiles dilL' Io lhe rumderonloli_c Itwcc. The
_1o,,i. if nol all. PI(" sinlulalion,, arc cai'ricd OUl _ilh a .Silllul;.ili_lns include ion In(_lion and. in some cases, electron-

Iclnpor;.il irradiancc ch;.u'acleri/ed b\ il ri_,ing pl/i'lilUl l_fllm_ cd ion colli.sions, in lhe c(fllisionless case lhc ions ha\c a t.'h;.ll'_t.'

b\ a conM;.iill inlcnsil_, up Io ,,(lllll.' linK, Iimilcd by eilhcr of unit\ and ;.i nl;.is>,(il 36()()m_.. in lhe collishmal ca,,c. Ihe

ctmipuler lime, b\ 'nulncrical heating" dtic Ill ihe sialislical Silllulalion_arc specialized to full\ ionized alunlinunl (,7,{.=13)

ntllUrC _dlhe prtlblOlll, or b\ ntllllCrictil in,,labililics in lh¢ code. ;.illd a I;.lscr tvavelcnglh of 62() nlll l lhc _ ,iv¢lcnglh of a ('PM

These irl'adialion conditions appi'(_\in_ale I'caslmabl\ well (chirped pul.,,e Inodulalcdid\e lasei]. The irradiance is Marled

those ;.li the peak (_I'ptilscn _ ith ptllsc duration larger than lens and stopped ;.li I <;:iof the peak pm_ er. i;.ikcn 1obe I() In \V/cnl 2

of pico,,cconds; this ilia\ IlOl bc lhc case in tlllr;.isliorl pul_,e /./ill }. The ,,imulalions _ci'e carried (lul til ;.i 31) ;.illgic of

laser inlcraclions. With the ad\ cnl of la,,ei's _iih pulse duialion incidence and included 51).{)(1()pal'licles.

ol'aboUl l()(i fs. ii is n_ possible _iih prcscnl da\ c(inlpuling

po\_,el" It) ,,inlulalc lh¢ irileraclilm _1 ;.ill cnlire pulse with a t:our linear dcn,,ii) profiles _ei'e used: 1.1),= (i.(ilil. ().{)1.

plm,nl;.i. ()f t.'lltlrse. PI(" code,, l.';.inll(ll Xilllul;.il¢ realislicallv (). I. I.(). The t(_ll_ving cxpcl'inlcllltll diagno,,tius ;.iredisplaxed

7,x 1.1.1./¢cli_.u.t i,/mm, 5,k'



for [hCn¢ I'oLIrtabu's: the ¢n¢1_._ ,,P¢ctrum _11111¢ciu'u.lrlm,, that _21_1di¢1|1nlCclWH_ ll> /.i), ILl)I. n_lllu' licld _x_¢lli,l_ ill Ilk'

entered Ih¢ solid (Ih_s¢ red,ellis# Ille hi_h-dennilx' b_mnd_r\ ). \ Ht.'tltllll ilHcl'[_lcCsu",lll I1_1_ I_c_bnclx t!tl ',II_HI__ ilh ;I rcn_ul_ltlu'u'

Illccrier,,\,...',l_u'clrurni'd_ilItlIci_tIsatlilt.'cml _,fllliepiil,,e,arid l'J¢_ik;illilt.'c_.l_u'•i_llhcpl:_,,nmmid snmllilltilli-rcx,,m_int.:c,,in

thecumuI_.di\e_I_,,twpti_mIn.icli_m_is_.iIutlt.'litm_fllime.The IIIc_,verden,,¢iflm,irm.,.\IIIi¢,.I¢¢pu,,I<,..zrm.licrlllh¢ ricldin

¢FIt.,cit',Ilhciniii_iId¢I]Sit>pndileon the¢leclricIicM ne_iror conIincd h_the,,_wuumtold_iIIrc,,_m_m.:¢sIm,,¢di,,_iM_c'arcd.

inll]¢pI_isllmand _rltileion dcrlsil,,,pmIiI¢_llIIlecricl_I Ifit

lmlscv,ill_il,,obe cli>,cussed. Tli¢clTt.,ct_I tli¢p_,.,ridcrt',m_li\¢ lorc¢due l_I11¢¢Icctn'_-

magneticIicM_rlllici_mdcri,,it,,,pnflilci,,sh_',\vniril"i_z._,"4.IX

We IirsldiscusscIIm_cs iniIi¢hm_iludirlalclcclricIieM _il_itimencm IIiccml elthepuI,,¢.The tI_mhcdlirlcirldicaleslh¢

proIiledec to\aril.ilitmsinIIicirIili_iIscaleleri,,lha,,dispIa_,cd irlili_ildem,il\proI'il¢.Irlthe ,,hortesl,,,talcIcri_IIit.'asu',l.llt=

inIg_..':,,'4.17.At llieI\,,oCXtlenles.IJ,_= ().()()Imid IJ,_--I.(). ().()()I.llleprc,,xurclrorrilh¢rellecledlaserhems ixrloll_.ir[z¢

lheeleclricHeM sIiov,sIIleI_cIlaviorexpccled Irorrl,.acl.turri¢ri_m_IiIo rrlc_\cback IIletlcrisii_proIil¢duriri_IIIcImI,,¢

lieaiirlgaridresomlrilahs_._i'piiorlrespectivel,,.,,ksllic,,tale durmi_m. Ionsbelow iliccriticalsuMace Im\e expanded isle

leri_tliisdecreasedlrorrl/el).= I.().v,.eobservethe _rm_lual tlle\_tcuum due It',tv,o el'l'ecls:the pressuret',ithe licated

CIl;.ill,,ec.l'ronlthellle.,,irl,.zleresonantpeak tothe,..va\¢s\vellin.,,<,llierilialeleclrt',rislllalhave eXlmm.lcdint_ll'i¢\aettUill_tr_.llhc

_mlsi_.lellicsleeplilasrriapnflile.Corldiliorlsall.l;t= ().I arc ¢leciroslaliclX',lerltiallronielcclnms pulledintothe v_icuuni

complex: theresoriarilI'ieMissplitmid a resomlnceat2 ,,cm_ h\ the \actttlrllhealing_h,,orptitmprocess.,\tsuch :ishorl

beob.,,er\ed.At that,,taleleIIgtlithei¢stmarltpe_ikoccursrlem' sc_,tlelengththe densit>,..z,rmlier_tatthecriticalsuM+aceixriot

theecI[zeoItIlepI_srru.utIIc\',MIh oItIicresoriarltre.siorlixeCll.ml steepurled,bul leri_tIIcrieclclueIt',theeXF,ansitm.TIi¢mediuri+-

toorlar.serthmithescaleleri_ztharicltlleorbitsel'ifittllerrrialscale-lcngtl-icases. I.I_= ().()Iarid 1).i. sll_iV.;.tsli{.zlit

electronsinthatre_ionearlextend inre.',the \;.ietltlm.As,the delormaliorloI llicion derlsil>'prol'ile.This ci'l¢ciixc.'aused

h' iIIcp_mdcronioli\epressureoI'iIi¢resoriarllI'ieldsilualedal

the cd.SeoI'the plasrrla,riotb_,il-lcpressureel IIicrclIcctedL./X = (),0()i IJX = ().()1

I#X = I.()()l 1./),.= 11.()1
6 6 4 - _ ----,-- r _ T -

"L

-_ 4 4 _ -

"'_' " l

-__ _ ._ _
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I t.
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l:iTtirc5,"I.17 l)ixtaric'eic/O)II)
t_¢ri_,tl-_l_ er',iTcd i_,,clll;Itill_Z hul_ZilutlJn;ll cleu'Iric iic'lcl in lh¢ liaiNli_m ll_,ill I( _,,_ l)intance (c/t,)Ill

Ic",{lll;lllC¢ tib,,i_il)li_Ul hi ', ;ic'Utllll hc_llin 7 _il lhc IX';ik _I lhc (i_ili_i_iil I)ul_c

t41)Ii f,Jli I ). I.;l_cr omtliliim_ _lrc //.-_ -- Ill In \_,/C..lll ] .lllli -_ ;llltl p-p_d;u-i/cd t"iTurc 5_. I X

Ii_zhi incidcni ill .lti : lhc illili;il dcn_ii_ lmllilc'_ ;il-c, lincm. ;illCl u.lllli,,liUl,, ,ire hm tlcnql) prldilc _11ihc cntl _llllc" pulse lilr lhc ouitlill{ui_ in Ii,L'. SX. 17 The

nlll includL'd. {l_i_tlc.cl c'til-\ c, i,, ihc inilial clcn,ii) imqilc.

1.1.1:R<l'i_m: _bl.,r' #A' 7U
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liThl...\1 Ihc pc.ak _1 ihc pul,,c lhc i_i_lilc ,,lccl_cuine i <,,,li).!,hl I',ll_dCl. Illc IIl',l\illiillll c'llCl_ _ll lilt clctlr_Ul,, ttc'c'lC_i,,c,, v, iih

and ,,lli_llltl ileal allccl lhc ic,,im_illi ab,,_Ul_li_ul lm_L.'c,,,,. :\I Ilic ,,talc IcllTIh. ill a_rcclilc.nl \_ ilh Ihc dccica,,iiIQ pclik ', ',iliic', _1

cildl_lihcl'ull,,c, lhclm,lilc'ltuihcca,,cl.i._ l).l t_a,,,,Icct_cnc,_l ihc clcciric Iicld _lb',Cl"_cil ill I'lL'. 5_.17. !1 i', ili>l ',li",il_lllll_i'-

10 I_t]*< . i1.li25, t_il_l'ilc Illl_Llil'ic',ili_il i_ Illl_i'C c'_, idClll ill Ihc _atd I_ _bl',iiu ii IClill_t'ialurc Il_Uli lhc _pcclr',i bc'cliu,,c lhc

I_mg--,,clilc-.Icuglh c;.i,,c bcc'au,,c lhc ic'_Uialil lichl i_ laiTcr lhall clccll_m di,,lribuli_Ul i,, I1_1 Xl'<i\\_.cllian. c_pcciall) I_ll Ihc

',i! ,,horlcr ',c'alc Icneih,,. :\1 Ihc pc'nk _d Ihc pul,,c ',l ,,lliall ,,h_u'l-',c_ilc-lcll_lh ca,,c,,. ()lie lCW, im i,, Ihal \aciitiin Ilcalill,,

plaicau i,, crcalc'd, anti Ihc h_c',ll ,,talc IcllTlh al lhc crilical Wild,, l_ pr_ducc bcalll,, _dclcclr_ul,, ralhcr lhail _i di,,liibllli_m:

,,tlll",lCC i_, abotil II ....4 ,_,.it\ the ci_d _1 _hc pulse a h_lc abt_tll lhc tllhcr I'c'_l_,_ll i,, lhlil lilt ',l_c'c'll_.l al'C cunlulali\c _ cr _ iall,,c_.

11.5 _ dccp tills bccn thl,2 inio lhc ion dcn,,ii\ im_lilc b\ lhc of iiltCi>ii_,, lhclcl_wc tl\ cr i.i iall_C _;1ICllillcr;.lltlrc,_. l"_r 1.I_, -._

rc_oll;.illl cloclric field. (). 1 i.illd/./iL _---I.(I. ihc di,,li'ibuli_m,, dlC ilcarl\ Xlax_ clli_in _ iih

I¢llll_Ci'altii'c', _ll "2 kl.'\' and .15 kc\; rc_pccli_cl), l-_lr 1.12._-

()lie of ob.,,cr_lblc,, ,,lrtulgl_ all'cctcd b\ \i.il'i;.ili_lll,, in lhc (I.()()l i.iild /./_. _: ().lil Ihc ,,l_D.'s of ihc lllaill bl_tl\ _I ihc

,,c',llclcngihi,,lhct'l',iril_lmiccu_i,,,,iorl. phlilcdil_l:ig.5,"4.1_).l:or di,,iiibuiioi_ xichl (_ kcV and I() kcV. ic,,pccli_cl\.

lhc c'a,,c 1.t_. = I _.' ob,_ci'\c ihc hal'Intmic clni,,_,i_m c,,pccicd

I1o111lCsOll;.lllcC absoll_lioil an cxpt_llCnliall_ clccrcasill 7 ,,c'l'iCS ............ r.....................T.... q, I ! _ : _ !

of halllltUliC'_, t-or 1.12.= (I. I. the hal'lllt_lliC ,,Clil.',, i.,, \or\ iloi,o, I(1 i I./X.= ().()()1 --1 / I.IZ - ().Ill !

ill lh;.ll Ih¢ cmi,,si_m oCCUl'S ;,il half-harlllolliC_,: 3/2 allcl./,: _.vc _ !

ha\¢ lt>tiild IlO c\plal_alioil for lhis bohavillr...\i lhc slecpi.'sl ,-? Ill _ -

gradiclll. _Irl_r _, tttt'Ci.|k Ilai'il_OlliCs arc obser\ od at #1= 3 alld 4, but t- -t

llOllC al I! -----2. The Im_ harlnolliC Ic "'1 i_ prob'.ibl) duc Ill Iho Ill _ L...... _ __. I_ .....

Io\v at>,orpiion clficiCl_¢\ of lhc \aCUUlll heating illcch;.illi,,lll () 21) 4(I () 2() 41) (_1) ,R() II)()

;.it thi,, inicnsit\. At higher illtCll,4ilicx the entire I;.illgC of L T r t .... l--- t r ]
harlllOlliC,, can be t+t+_,ul'xcd. Ill / l./).,= ().1 _ I./), = I.(i -i

L
"..d i

l.lp, = (I ()(}1-t I./X. -- ().() I- -5 I

"_Z I(i- () _1) 4() 6() 8() ()(1 () "J()() 41)()

I11 , i _-_ _ ..... t_]l¢cli'oll cI1Cl'g% (keg)

I() I _-..............r .......... -1....... !I./X = (i. 1- 1./),. = I.(i- Iqgulv 5s.2il

i ('UlllUlali\c clistributi_ln ol Ihc clcctriln,, CillCrillg the ,t,lhl I I¢_i\iilg _it lhc"'e 1{)1) - -1 ---f ri_hl-halltl.-,,idc btltilldal "_,Ifor the COlltlilitlll_ in I:ie. 5,R.17.

I1) 2 i-- Ilhlll The ions spectra for the lotir ca.so.s, another cxpcrililCnlal
_l ............... _t...................... _L........ diagno,,iic. ;.ire shmvn il] Fig. 5,v,.2I. The spccii'a conlaii] the

() ] 4 6 () 2 4 6 Illliill bocl\' of the i{m distribution ;.il Imv CllCl'g.v and the

(0/(,)l_ (,)/0)ii disll'ibuliol_ of the l'asl lOllS acccl¢l;.ilcd b\' the hot t.'lccti'_ms.II t-; t',

Iq'oin 1.1_. = ().()()1 iil i.lZ = ().()l, _is expe¢icd the peak ion

I-igurc 5_sI<i CllCl'_Z% incicascs with scale length a:., did Ihc Ilt_l-t.'lt:cll'tlll

Ih,_cr ,pccirulu ,,I Ihc rcllccicd liyhi I_,r Ihc c_,ndili,,n, in Ii.e. 5,x 17..N_,Ic dislribulion. The increase is small bcl_vccn 1.1_ = ().()1 _.ind

ihc Ilall-hiii-n/iulic,, im,duccd ill the cn',c I.II. :::lilil 1.1_ = (). I. alld Ihc peak Cllt'lgy is aciu;.lll\ Itiv_'t.u for I.IA = 1

lhan for /.IA = (). I. despite lhc facl Ihal lhc fasi-ch.'clrOll

The _pcclra ollhc clcclron,, lhal ha\c Icfl Ih¢ conipulalion;.il CllCrgy illcrt.'asc,, sh_uply in thai range of _calc Icllgth. "l"\vo

b_\ al Ihc high-dcl_sil\ end f_lr ihc four c'ii,,t_'s arc _hov_n in cl'fcct.s ill;.i_, bc rCSl)Oi_siblc for ihc scaling of ihc f;.islc,,I ion

•,) ,l:ig. 5_._() Thc,,c ;.il'C clcclroll,, Ihal ci'c_ll¢ observable CllCr_zy: iIOI t.'n_mgh liin¢ Ill acccicralc ihc i_mst_ lhcir inaxi-

brclll,,,,Irahlun_ hard \ r_i\s i.ilid /_'<<Clllissi_lll frt/nl lhc _licl Inunl \clocii_ bccaLisC _ll" ihc ,,horl pul,,c dulalitlll; ihc
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accelerating electrostatic potential, gi',¢n roughl,, b_ T//I.. \_ouM I',e expected to depend ,ml\ t_nl the la,,¢r inlcn,,il_

where 7h is tile hot-electron temperature, is Imver in the hmg- through _',,,.,..These results, and the bch,Lx i,_r _I the I_m,.ziludi-

scale-lenglll cases, hal electric field, ln_int to the exislcm.'c _1 lhtcc rc'gi_ms a_,
discussed in Ref. _: the vacuum health,, rcei_m I'_eh_ I./)< _-:

I0 0 [ , , i - , I 1 , (1.(11'a region in v, llich tl-ic oscillal,wv ,wbil ,,llllc ch.'cll,ms is

L/X = ().(1()I [ I./X. = ().() I about the dinlance bcl\_¢¢11 the critical ,,urfac¢ and the \ acuunUua 1(}-2 - plasma inlcl'facc; _illcl a i'eMilltlllt.'c at_sorplion rcgi_m abo\c
l,l,_ = ll.()3. \vhcre lhe l'eStllll.lnct.' _!cc.'tllSinside Ihc pl;.iSllltl alld

" 1(1_4 the _>scill:iliil 7 ¢leclrollS lle\u'l reach the \;.ICUUII1.The suclllld
region is very complex. The resllll;.lllCC nli'tlCltlrc ill' the c I cc-

i()__, l i lric field splils for SOlllC \altlcS _ll" I.IA. _vhilc h;.irlllOlliC

t I t [ 1 1 i l ] reSOll;.inces ;.ippe;.lr in the o\eidt.'llSC plasnia, i\ detailed ntul.l\

1()-i - L/X.--0.1 - I I../X.-I.(I 1 of the clcclron orbits shm_s thai the cleclrlms ilC;.lr theplasnl;.d\acuunl illtelfac¢ man be accolcl'alcd inlo Ihc \acuunl
"- _\ithoul underL,oin,, wave breakine. \vhilc clcctions sli,_,hll\

10-3 deeper in the plasma, btil slill in lhc leSOllallCe i'egiOll. ;.ire

acccleraled by wave breaking. The dJffu'rClll rcgilliCS Call be
>l_ ..... =--4I l

I0 -5 ' seell as plateaus in the absorplJoll l'i'acli_ul sepallied b\' liallsi-
0 50 I()0 150 2()0 () 2() 40 6() 80 1()()

lion regions. Similar results, bul slighlly shiflcd Io higher
Ion cner<,v (keV) Ion energy (keV)_'- scale lengths. _ele obtained for ;.ill irradiance ill I() 17

"I('35 _'_ ,-

W/cm 2 lira2:The ti'ai]sition to vaCtlUm healing occurs n_v

for LI_ ==(1.(13as compared Io LI2 = ().()1 for the hlv, erPi_tu'c 4 ".14._1
Tolal ion spectrumtil lhc end of Ihepulsefor tile casesin I:ig. 58.17.The i rradiance case.
Cl_elgelicions arc lhe laMionnaccelcralcdinlo the vactltllll.

Tile cunlulalive absorption fraction as a function of tiille is I() --T I ! ill i l T.....

plotted in Fig. 58.22 for lhe four cases. Tile peak of tile pulse _ 8 - [.IX. = (t.()()l - - IJX. = ().()1 -

is at 400 l'o0-I In these graph:i, the absorption fraction is• I..,,

defined as the tinle-integraled Poynling vector ;.it the V;.lCUUlll 7
._

boundary minus the electromagnetic energy in tile comput!ng _. 4 ....
box. divided by tile lisle-integrated input laser energy tit the _ ._

e'_ - - - -,nL_ -
ll_

vacuunl boulldary. "rile "'hash" in lhe line is clue to tile lime- <

varying value of the electromagnetic energy in the box. Tile () _ i

lOC/_) and increases with scale len,,,th as the resonance absorp- 7 i
" .= 8 I./X = ().1 I- IJX. = I.(I

lion reginle heconles dolllini.lnl. Adding collisions (Z = 13) has "_

little effect on these results: the absorption fraction is slighlly

larger early in tile pulse but is slightly lower near tile peak of _ 4 J l-

field. At this intensity V;.lCUtllll healing is a \err iriel•ficient = 2<
absorption process. () l J

() 4()() 8()() () 4()() gi)()

The results of the simulations are stimmari/ed in Fig ....58 "_1 Time ((0il ) liinc (0i IIi
where tile absoi'plioi] fraction and the nlaxilllUlll electio,,1 and _<_<'*

ion ener,,ve,;ire plotted as a function of the scale lenell,.< "rile

absorption relllaillS very lov, for 1.1_ < (I.(ll and increa!,es for I:igur¢ 5,'4.22
('tlllltllali_.¢ ah,,llrpli_ln l'raclilin,, l_,i lilt ___mtlili_m, ill I.ig S,R. 17 Ih¢ "'h,i,,h"

increasing scale length to tile large values associatcJ wilh
in lhc line i_ dtlc ltl lh¢ lilllC Xill\ ille ,,;lltlc i,l lilt.' clccll_qlhie'iiclic t'll¢l_% III

leSollance absorpiiori. Tilt' electron peak ellel'gy scales ri_ughly the I_,,\.

as (L/,a.) °4, excepl through the vacuum heating range \vherc il

I.I.E Rel'ieu; V<,lumc5,k' SI
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0.5 We observed that vacuum heating occurred flu" L/,;t < ().()1.

This is a ver_, .',lcep scale Icnulh that can he _hlaincd only ,,'_ilh

,,e,'v short pulses (abotll I{)()t'.',) in the absence (ticany prepuls¢

().4 ellel',_) on the IL|l'#et, t:t)l" ().3 > l+/,_. > (),()1 lilt: resonunl re#iun
remaim, at the cd+,e of the plasma. In this trannilion rcuJnle,,_ ,..

0.3 -- the bclla\ior of the resonant field t_ec(mles complex as the.B
,_. orbits of the testmant electron extend intt_ the vacuum. I:c_r

._ L/_. > ().3, tile resonance re._ion moves into the plasma, arid theZ--o.2
"classic" resonance absorl_ti_m re,gitne is recovered. The peak

" resonant Ion,,itudinal electric lieM, the peak electnm crier,,\'

().1 and the absorption l'racticm increase _,_,itll increasing scale

length. Harmonic producti{m ah{vee the second harmonic

().() ........ t ........ I _ _ _ ..... disappears in the transition re#ime. /\ddin- collisions with
Z = 13 Ila.,+little effect on these results.

3()() ' I I Ill'l I ' ' ' Illll I I I , I1,1,]-
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7, .I.M. \Vulhtcc ('t .1.. Phxs. Fluids 3. 2337 I IUUI t.

conditions ,,,,ere a IlJl)-fs Gaussian pulse with /A2 = I() I_

W/¢rn 2 urn 2 and p-polarized light incident at 3()"_.The transi-

tion was observed b\ var\'ing the densit\' scale length over the

range I+IX= ().()()1 to I.().

_2 1.1.1:R_'_'i_'u.Udmm' 5A'



Characterization of Thick Cryogenic Fuel Layers: Compensation
for the Lens Effect Using Convergent Beam Interferometry

Historically, the ftlel content and fuel-layer unifornlitv t_l' A cap',LIl¢ _'itll a thick cry()_cnic laver cumlcnsed (m its

cryogenic tar_.ets have been characterized interfenmletricatlv interior behaves us u stnln_ negative lens. which hus scvcrul

usin_ plane-wave illumination, I ¢,This technique has the sell- ad\'ersc cl't'ects on its intcrl'ercl_raln _vJlcncreated _A.'i|hplanu-

sitivity necessary It) detect a deviation from spltericiD t)f the v,a\'e illuminatitln. ('olnptlter simulatit)ns ()f typical

fuel layer's inside surface us .small as :t l'cv+'percent of its total interl'ert),grams arc strewn in l-:i,_.5X.24. The Ili._hly di\rer_ent

tllickness. In the past at LI+E. the tar.sets examined ',+vere and N+herically aberratud v,uvefrtmt created by the tat'_et

typically 25()-/ml-diam ._lasscapsules ,.vitll wall tllicknes.,,es canFIt)t beel'fectivelv collected end jma+ed unjn._optics with
ofa l+cwmicrometersthatv,,erefilledwithenouuhfuelto ctmvenientnumericalal_¢rtures,resultinuinIt_ssufinlt'_rma-

produceacondensedfuellayerlessthusI()/.Irainthickness, ti(mnearthel+erimetert+lthett|i_et'xillltI_c.Inm._Iditi(m._.vllen

Future OMEGA t Jl_grade cryogenic ttll'._ets will consist of this highly curved w,avulr(mt interfere:,, with a planar rel'erencc

f)olyrnercapsules several tertsofmicrometersthick v,,'ithdiam- v,avelront, an interl'erogranl with u lrin._e spatial frequency

eters ran_ir_._ from 7()()-l I ()() /+Ira.These will he fillet.l with that increases radially to,very high values ne;+uthc perimcter(_f

condensed I).., ()t"DT fuel v,'ith +.tthickness uf up to I(1()/Jm. the tar_et's ima._e is l">roduced.Since the phase, and tl+_urelure-

(a) (b)

,i l_l.,lll.llll+l ....... '+I,l ,iil.14111. 11llloll °". , llll'''lll'o'lllo'l+ll'' I+I"' ..1
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I' 'III llllll I
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'lhl,l+ l ii lal:l l'l'll, +l,ld,+ 'III

11 lllhl iii+i_i, I +l_ll++.+_ • ++i,i,..II ''I+I+'`'+I_I +I I ' IIIi,1 lnlirl+i++,llli,lIlIll Itl'l ....... ,Ill I

I I+r.:+.

I:IULII'C" ' "_• _M..4

('tUlll+utcr-_¢n¢f;.itcd illt¢fI¢lt+_falll', t+I' tt I()-,£,'m-thick p(}l._ ',t._rcn¢ L",|p',ul¢ _,_ith ;.itli[llll¢lL'l t+l I J_() ]1 11til;|l L'IHI{'dll}'-, It)() ,£1111{_1_.tuldCll',ctl fuel. Th¢_¢ _¢r¢

+,.'rciltCdwith tiiL'._tx,,tllllpli_msthe.itb_+thtiiL'_,lqc_.'t+.llldI'¢1¢I¢IIU¢b¢',Illl',u'tulnint*'dteli}Ian+.irv.',l'..eJltmt_,x_.lib+.i.sI4--lllllv+a\¢l_.'ll_-lh.and I/f+t)I+ll_._._Am¢ tl,..udIt',

inla_Cthe I_.ift.z_,t...\I]telthe ,,illlace+,in(+.i)_.tI¢pcrlcctI._c(m,,+¢illfi+,.'\_ith_Ul¢antdhef,v,hcrea',(bl di,q+ht',',a 5'; ItLClmmc_+nu',+'i+trK'it\._.t,..the L'cnIert_Ithe

•,I_hefi_.'alinm.'r,,urfuu¢_U theL'_mdcn,,¢dlu¢I lu,,¢t-has h_.'endi,,pIa,.:cdtt_theri/hlinthe Ii_urcb,.:+,';_I it,,hind thi,+:knc,,,,()I+,,i_,u,,I+,.a 5' ll_UlC_Ulcutllrl++_il_,

++anbe ca,,iI_,dctu_.'ted+but Ili++._,llcr-_fdcfn_muniI__rlniti¢,,are mt.lchiruu-u,.IiIIK'uht_ d,...I,+.cldu,,.h_ the ',u,t,+hi#h IF_n_uIrL'gU,..'n_.._lu ;itltI_ti_i_._nI_+il_ati_u+_

r¢_;.ir,x.Jill_JtiiL, _t;lI¢ _I tiiL' Iuul lI¢;.ir thu ]IL'I'JlIIUI¢I" t)l tiiL' titrpct',, IIII_I_¢ h_l,, bt.'L'll h_xl dtlU I_ lCIl+lllhHl t_l Ill,.' (d+i',',+l bt.'atil t_tlt,.,Id,..'t_J the.' lllIJ'JllltJ' |+[)tI_''' lllllh,'

C_}II¢cthm _f)¢rttlr¢.
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('tl_t?l(ll t?l/_lh_\ r_t 1t11_ #, ('/,')_,*c,t \1_ #"I II I._)11,",

Ihickncn,,. rcn,,quli,,m rcnullin._ l'r_'ml IIlc anal,,,,i,, _1 an inlet- Irculucnt,, irllcrlcr_.7'ralll _1 IIic I;ll_t_'l ix i_r,_dllcc_l Illal c_in b,.'

l'er,'P_ram is irlvcl,,¢l._ im_l_,_rtiorlal I,,_111c:;umber _1 d¢lct'l_u ;inial,,/t'd v, itll a bcitcn i-dla,,c r¢,,_duli_.',rl.

elements per Irin._c. ihc phase _,en.,,itivilv in re_.:uc'eddralnali-

callv when the lrin._e lrequcnc> ;.ll'_l_roach¢,,lhc N,,tluisl lilnit \Vhcn inla_cd _m a\i,,. Ihc \,,'a',.t,lllllll CIIIC1'_i11_2 In_lll lilt

of the clelector..,\:., the lrirl_e lreqtlerlc._ rlear,, the frcclucrlc._ I;.if_¢l v, illi f_lam.'-\,,ax c illuminaii_m depart,, Ir_lli :Lplanc v, ilh

_.fl pixels iri tile ('('!) i.i11;.1\', ;.lliasirl,..z,.occur,, ;.lml the Irin,_,e,,. 1,,,,_irlab:u, c_rrli_,lcril,,: ',i di,, er_in,_,_:..l_hcrical clcmcnl dc,,i,,-

._{'_mid ;t _',lfllcrical ;.tl_errati_!n ctullri-become unrcs(qvcd. I-:vidence of thi', is the Ntoird i_;.lllcrn_, haled an _l in t:i,,_...':,__

exllibited irl Lhe tlicoretiu'al irllerlero_ranls _1 i:i_..',_.24-" . Imli_ui de,,i,_,nated,w., __,.In l:i,-...'_,'.4._t_.'" I_.,,,is lilt clTccli,, t' l_,,cal

v,here tile l'rin_es are beating with their arra,, location,, in,,tem.I length ,_1the I;.lr_¢l ;.ix IllC;.IS, tllCd Il'(_lll 111ec_lp,,ulc", t,tlU_tlt_rial

ofC('l) deleclor elements, plane (i.e.. lhe v-a\i,,I, c\anipIcs _q v,hich are =,,i',en _i,, a

lunclion ,_1fuel-la\cr lhic'kncs,, I_>ra l()-!lnl-lhick i_>1._,,I.vrenc

_._/. I:l>r(r/li,, _ << I v_hcre ri,,lhc innerTllere are .,,everal requirenlerils eft a crvo,..z,erlic-tar_et inter- c.'al_.',tllein I'i,, '_ ' _-' )2

ferometer that are af'G'dicable to C)Mt'GA Llpgrade tar._el radiu.,, of the ctmdurlsed i'uel I;.i,,cr..t I cmi bc apf_rt_ximated a:.,

experimerlts. First. it shouM be sensitive to hi,..z,ll-<,_rder,.,fuel parabtqic .xl .....(,,.2/_/-,,ft._t )..,.2. v,.Iiile .,,.,_depcrld_, t'_rl v tt_ tile

rlorluriift+rmities, rlt_t tml\ rioricc, rlcentricity of the inner arid fourth ilt+\_,Cl" ;.Is .V_, :_ _l,i)4(i.x'.1. The tg_tical '.,vstcill c.'t_llect.',

t/lilCl" fuel-laver surfaces. It should _.tlsobe suitable for _.1v,'ide and images till.,, Ir;.lnsnlillcd v<avelrtmt and tile cap_,ule. Since

range ofcal-'.,ule/ftiel-laver dimensions. It should be .,,imple Io Ihe l_erimeler of Ihe t_lrget's ima,ge is m_rmall,, in focus in an

iml'flernent, optically stable, and amenable to COmlmleri/ed inlerfero.gram, the emer,gelll vsa\'el'r_ml is irna_2cd as if I'_r_-

_,vavefrtmt-mea.,,urin.g techniques (i.e., Id_ase-sl)ifting interfer- .letted back into tile eClUal_rial plane _,_1the target; hence v is

onlelr\'J to obtain the most accurate qtmnlitali\e information lhe m_rmalized pUldl function and is given by tile ratio of the

possible. Finally.. it should be corni3_lcl and versalile enou,,ll= dislallce from the cenler of the ial_el",,., ima<,c_Io lhe inner

to be adapled to i,-.sit, fuel-laver characlerizalion both in radius _d the Iuel layer r. Therefore, if.v I is eliminated b\

laboratory and tar,gel chamber exl'_eriments, illuminating the target \vilh _.1v..axelroril u'onvergin_ Io ;.iI_il_i

behind it. a clistarlCe.ft,, I re.ray from its center, onl\ Ille :,,fdleri-
To realize lllcs¢ recltiircrricrils, at1 irlterferonleler has beeri tally aberranl ¢ornporlerlt oflllc IraHsrriillccl v,.a\'efroril rerrlairln.

develol_ed that illuminates the lal_Ct v,,'ith a v,.'avefrorit that is This flattens the v,.'avefrorit emcr._irlg from the target, v,itll c, llv

conver,_,ent, to a I'_tdrit near the tar,.,et's_.. rear focal ptdrit, thus the CLIr\'_.liLIfl2due Io the Sldlerical aberr:.ltiorl terrn left. 13vusin_

cau.,,in,,_.;.inearl,,,l_lanar_.va\clronliocnlcl_e,from it.A coin- COil'_'ertzcnl-l_ctlnl.illumination,notonlyismore li,..z,hl_collected

parisonbetv,eenlheerner_entwa,,'efronlwithplane-waveand ffoillre_ionsneartheperimeteroftheR1r_cl.btlllhcinlcrfero-

conver£ent-beam iIIumimtiionisshown inI::i_.5X.25.With ,.z,ram consistsof Icwer rin<,stIlatare conccnlratcdnc_.irthe

convergent-bean]iIIuminathm,when thetransmiltedwavefronl perimeterof filelargel'sirnagc,decreasin_tilemaxirnun_

interfereswith ;.Ii_lanarreferencewavefroni,a low-fringe- frin.geIrequencytoa valuewellbelow theNytluislIimiloIlhe

deleclorarray.

(ii}

All iiILlnll';Ilil)ll,i_l lilt'%_,;I\.t,IF._UIIIJlalCtl|,...'f_.t,",IIlUl|;.I

cap,,tile filled v_ilh a lh,.'k comh.'n,,ed Im, I la,.c'r v, hen

[_1[I pI_lllt'- \%Ht,L";.llld c.'lul', u'l_2t'lll hc';llll il]lllllill;lli(lll

ar_.'u,,cd,ahmy _ ilhh_p_Uhelic;ililllc'lf¢lll_l,llll'-,lh;.ll

(I') ) _.iru'I_i_duc'cd _ hen lilt.' lr;ill',lilillt.'tl \_,;1_,c'Iflllll illlu'f

Ic'lC,, _ ilh ',i I'll+llll.il l'c'l t'ft'llC'l- ' \t, ',1"_c!lrlllll. It i_ IlllI+',ift'lll

in I'dl Ih+il iI Ic'liili',t'l\ ",lliall l+lUlilul ltl Ilk" liiThl.',

di_.c,r<2t'lll ,,,+;ix.c'll_Ull +,'_illI'lt, cllccli_cl\ c_,llcclcd ;llitl

inr, igctl. Ih_\_c_c.l. ill (i+). li_ll _ull\ i,, Ihc, li;ili,,lilillctl

t+,dx,t, lllllil II;lllc, llc, tl, bul lhc IlL, hi ,+tlfllltilidill_ lilt,

c';LI)',tilc' U',ill ;il',_ be' rc'_idll_, c'_dlt'_'lc'd _lllll Ilil;i,'_'c'tlItll i
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The cllccti_ c fllcal Icnglh fi,_,l_llcr)l,gcnic lalgCls a,, ,i I Ullc'li_m _lt.'i_lltlCll,,u, tl

lucl-hi_, cr thickness. A l il-lllll-lhick p_% _I) rcnc c;ip,,ulc _ a,, a,,,,tlnlud ll_l lhc

_ai'illtis oulsith.' dianlClClS ,,hllv, n. ]}ala\ial I'a%k _,_.Cl-t'Ir;iccd Ihr()tigh h._I_O-

ihclical l;.iiet.'l <, Io find Ihcir focal Icnelhs, _ hich drc lllu';.IMIlL'tJ lllllll Ihcir

f "'_'_ cqu;ilorial phiilc.
I111"

lilt:., fuel layer when phular \vavefr()uls wilh a ().5-t.lm wave-

I"igurc58.26 length are ulilizcd to crealc its inlerfcl+ogranl. Eliminating the

..\n illustration of tilL' _ axefltini Ulllcrgin_ froln a cr._ogcnic lalgCl _ hL'n it is spherical coil]pollen[ of the elllel'ging %_,a\err()nl bv illunlinal-
illulllinalcd _._,iih a ph.illar _.ta_.cfl'onl. The ¢iliergcill _.;i',cfl'(llll is IlOl'lllall\

inlagcda, ilprl_ccicdbackinl(_lhccqual,rialpl_uleofihclargcl, nlakii]glhc ing the Sallle l;.iroete with LI I*le;,llll (tJ" light convcl'Eine< ,_
v-a\i_ Iic ah)ng a Ina.j_lr dianlelcr (if the srJhci-ical inner ntirlacc _I' 111c IO its l'ocal point 6.8 iHIll behind it produces oni\ 13 fringes,
c(uldc, nscd fucl hivur. The llanslliillL'd \',a_efl'(ml c_lnlains I',_o lll;lior t:lullp(> w,i_ich[ire nlainly concenlraled toward the pelilllelL'r ()I lhe

llU.lil,,:;i divciging ,phcrical c(ulMilucnl dcsiL,naied as tl and a spherical iluage. HcIlCC, ;.Igrealer sensitivily to n(mCOllcenlricilies and

abcrrali(m Icrni dcsignalcda_ t2. and li.e_i, Ihc cffccii\c I_c,il length (1t higher-order nonl.lniforlllilies in tilt:.'fuel J;.iverCall be achieved.
Ilk, lalgCl.

The optical syslenl used I() create all illlerlerogr;,illl ()1 a

The values for r"/Tft,,t and WIi4(i in Fig. 58.28 were caJcu- cry()genic largel with c()nvergenl-bealll illuininalion is ',h()wll

latcd by tracing paraxial la\,s through a hyl_othetical cry()genic in Fig. 58.29. (The properties of the light sources ;,illd c()ml_)-

largel Io find iis focal length and appl,,ing lhird-order aberra- nests of the initial bean_spliuing syslein nhmvn in l:ig. 5bi.3()

lion theory to dett:.,rnline the spherical abL'rralion c(lillponelll, will be discussed in det:lil later since lheir use \_ill bcc(inle

The values sho_vn are for Ihc enlerging wavelronl pr(tiecled nltile apparelll Ibll(_win 7 a descripii(m ()flhc imaging svslenl. )

back isle the equalorial plane of lhe largel and denole the The light is delivered io the inlerfer_)n_eler using l\v(_ single-

lllaxilllUnl values these quantities t;.Ike, i.e.. [or v = I. The nl(ide ()plical fibers. ()lie f(ir the ()l_.iecl ;.11"111and an(llher tlll' the

llUlliber of fringes prcsenl in an interfer(igr;.inl belwec, n tilt:., rcl'crencc arnl. The optical fil_t:.,rsscr\c several purp_ses. The\

center (!l a targei's illl;,igc and a pllilll along ils radius can vibraii(mall\' and (_piicall\ isolate the lascr sl)tliCc I'l'l)lll lilt:.,

readily be delcrinined fr(inl Fig. 5,R.28 by SUilllllillg .t I alld .v_ sll'uclur;JJ and _plical COlllp(m¢lll,, t)l Ihc illlerlel(llllt_'lcr. In

f(u ;.lL,iven v and dividing b\ Ihe tva\elt:.,llglh (if the light usu'd additi(m, the i)piical l'il_L'l"s l'lcxil_ilii\ nuikc,, relalivc placc-

Io creale ii. l:()r CXalllple, ;.1I()-/Im-ihick p()l)qyl'elle capsule lllenl _)1ihc light s()urce aild ihc illlcrlcr(_llleler ullr¢slricli\u.

_iih a di;.uucler of 11()()11i11c_)nlaining I()()/./ill()I"c_)ndu'nscd [ransmilling only lhu' llm,eni-ludcr nl_)ttt_',the _plical tibcrs

luel v,ould have 39 l'rillges beltvct:cil ils ccnler and the inside ()1 also serve I_ <,paiially fillerihe Iighl elnilled b\ ihc laser slltilcc.

1.1,1".Rel'i<'w. _,;,/,m<' 5,k' S5



('//_/,'_ II1¢l/_11_', _1 I111_k ('l,')_r, ',1_ I t I/ I._)1t,",

() [ i .... ] 1 T I ,. t i ' lhc, I;.ir,2'cli', illla,..!c,.l_ull_',L('('l);liia\ b', ihc',g'_llc';ll ICl;l',i ( )llt',id..." '[
lll}ll) (illll) i dialliclcr _,\'_lt'lll _.'(qlll)(}scd {_1 IClIsCs / _ ;lllil /1' l ill' I;llll) ()l lilt' h,c;ll

t * 1

_1 (J.llll} IctlQlh'. ,.'JlII_c',.c It.'n',c,,. I1/f_. ,.h.'lc,rlllillC,, Illc III;It_lllliC;lli_)ll i_'l

Ilk' ill_a:'i_G...'",',",lCill. Ill s_illL.' ilI",I',IIICu'",, lilt.' \',_ukine _.li,.,I;lil,..t.'

-5 _, 7()() bc'l\_,c,,'n tile I;112c'1;.llld /t( i.c'., l_l i', rcquirc,,I I,_b,..,I'arec. ,,Ik:ll_)(11) " "

%" _,, I I lil} ;.i,,Ill,`.'c;p.,u'_',1illl;l_ilit., ill lilt' ( )_11':(;,.\ I !p_radt." I',lr_c'l cll;llllbCl.

,4,_, t"_._rlar,.J,urlmL'llil'it.'ali,m,,, lilt." required ,.alut.' ,_l/1 ilia,,, Ihcn

I() #' / _ _ c\ccud lhc phvnic',ll dillluilnitmn ()1 lhc spncc alhdlcd l(_ Ihis
- 2 _ _ lal'_¢l din_m_nlic. In fills cane./ i u',lHI",urll',_d,,.'t.'qual I_ i_. arid

_, , (_.llU) _" _" _ 7()() a Inic'r_',c,Mu _q_iucti,,u Inns c'an bc liscd t_, Iurlllcr iilUL,'t.' Ihc
-I1',2'1 N ....

• " _ "-_ , e-

"" 9()() illlCrmudinlc unil'_ -n]a,.2nili,:ali_ul ilna,,c _'_1Ihc l;.ll_dl _llllt) Ihc

I I()() ('('1) arra,,'.
i

-15 ....... _........1........._..... ]........l ........L......._..........1.........__........

11 211 -l() 6(1 81) I{11) "l'llc light cvncrgin,..z'tn_m lhc ()plic;.ll tibcr in tile ldlClCllC¢

l"ut.'l-la\ur lllicknc,,s (,tim) arm _1 lhc irllcrfcr, mlclcr is c(qlimalcd, and Illu rclt.'rcil,,..'u

u,_,,, Iwam is c_mlbincd with Ihc" (_l'_ic_.'t I_canll USill_2 a 5()/5()

I.i,..:u,v5.',:2x bc;.imnplitlcr. 'l'llc lmrti;.lllv rcllcctivc c()ntin_ on Ihc Inlrallcl-
The ',aluc,, t_u " "' . < ,_/-6,,_, and ll_l_ I_,l cl',_,,.2'cnh."hir::cl,, ;i,, ;i lwl,.'ti_,n,,I plait bCalllSplillcr l'accn 1-.1so llhll II() ;.ll3Cl'l';lli(lll is, intl_)ducc, d
c,mdcnncdlucllatxctthickm'ss..\cainJ Ill.mu-Mickp,,l}q._Icnccap,ulc illlOlhcobjectbCalllby p;.Issa_cIlll'_)tu_h;Ilhickplailt.'.Sincelht.'

_asassumedi,ulhc_,ul_idcdiamK'Icl,_li,_n.IhinI-_,rdcral,crrali_mlhc_,rs r¢Icrcnc¢bc;.IIllisc'q_IIiIll;.iIcd,ilsp,i_,sa_2cI]II'_lu,,h_.lhc plalu

_;i,uscdh_dclclmincll,_i_,,lhcxalucnql_nalrcI_uthccmcr.,_,in,_,_',ixclr_mlih)cxll(il;.if'feellhc pl;.IIl;.Irrt.,I¢I'CIlCC_,_,;l\u'IIOIllncxccpl ll)
pl_icclcdI_ackinh,lhccqtlaihUi'alplauw_qlhcliII_c'landdcm_IcliltlIIiI\illltIIIl

xaluu,thcwqLWmillC_Idkc.i.e..I,,_ I dispI_IcclhcIlllalcraIIv\_ilhrespecth_lhctMiicalaxisoIlhc
c(qlimatingIons.The dirccti_m_>IImMagali_m bcl_vccnthe

('C'l) arra',. _d",.iculam.I rclcrcnluc I",cnms (i.u.. the lilt)in u,,mtr_',llcd b\'

llali_/ TTI" r,_laling the rcl¢rCncc beam's c(dlimalinL, Ions nb_ml ;.Inaxis

/" I/i r,,.,,-r,,.,,,,.li_..ul,,,i,, it,.,,pli,..,,I_,,_i,..i._,,thll,..,,bi,.',.'l;,,_<l,-,..r,..,.,..,,,:,..
-,-{!-_'---i,--., ,, III beam>,havea (iau,,sian,and thcrcl_)rcmmunil,_rvn,inlt.'nsit\'I

_ i.ic;.im,,i.:,liltcr imflilc up,,mumcr,giri_ tru,m Ihc singlc-um,,dc _'G)lic'nllibcr. "il_c

ucntl(fid ()1 the imcnsil\ distriblnli,,'m ,,_1Ihc inlcrtur(_grlim

pi()duccd (m the ('('1) ;.lrl';.ivt.';.lll_ils() bu p(_sili_mcd b\ lian,,lal-

1.1 /._ _ ill_g lilt.' cllllinl;.iling lens ill ;.i tlircciilul pcrpcndiculnr hi ilk

- /. _ /.-1 _ _lplicnl nxi,,.

I() ,\,, lhc pl>sitilm _)I lhc I(ical pllinl (/l/. i,, Ir;lnslalc?d llln,,i-tt!11 2

ludin;lllv _vith it_'npccl ll! lhc Inlgc'l's D>_iii_m. Ihc irradiancc _ll

I.i,_,m.c5x2u Ihc lib c'cl bCillll al lhc lalgt.'l (;.llltl ils iina_2c) v;iiie,, cll';.llllali-

\ ,chcinalic _,i Ihu _l_lic;il _x_iu'lttu,cd i,, crc,ilc ;in inlcilcr,,,_'raiil ,_1,i c;lllv. The indi\idual irradiancc_ ill lhc (ll_iccl ;.illtl i'clu'i't.'llCC
c'l'._l_QClllC hll,'2Cl ',', ilh Cllli',ClQCnl-hc',illl illuiliin;illlUi Ihc llplic,, Ih;il c'lUllllll

be;illl', ill Ihc ('('1) arla% llltl_,l bc t.'tlti;.il Ill i_l(itltlcC inlclTt_'rt.'llCc'
Ihc p_iill I_l ll_cu', _1 ilk' c'_ll!', t'l_c'lll bc;ull ;llitl Ill_,,c' lh'.ll illl;iQt' lhc ;ir,L't'l '.lit'

,h,,_n Ihc d,,llcd line dcn_,lc, Ihc c_dliln,llcd rclclcncc Iw,un fringes _vilh lhc III;,IXilIlUlI1 p_)_siblc Cllllll';,l_,l. I lcncc, hi llbl;.lill

high-clullranl inlcrl'ci'ogr;inls l_)r ;i \vitlc I;.lll_c' _ll Clyl_Tcnic

'l'hc liThl c,lllClgillg tl'lllll Ihc i)plical Iibcr in ihu <>bicularm I;.ir_cl dilncnsil)ns, lhc ialill illlilt pli,A cr launcllcd inll_ Ihc t_,ll

i_ tir,,I collinlah.'d \vilh Ion,,/-I ;illtl i,, Ilwu_cd i_l il p_inl _ ilh/. 2. Iibui_ Illtl',l bu c_ullinu,lli_l\' vnriablc. 14ulcrrin 7 I_ I:ie. 5,R.3I).

All Icll,,C.s in Ihc inh.'rfcr_lniclc'r arc ;ichr_llnnlic th)ilblcl,, c'l)r-, lhi,, in _lcc()lllplishcd ilkill_ ;i p_llliri/in7 bcunlsplillcr in c'tln-

rcclcd Illl inlinilc C_)ll.iuTalc_. All illlaL'ilig Inkc_ placu c'l()_c .iunuli_m \_iih Iillcarl\' plllali/cd llisc'l' IlL'hi and ii hall-_._.;i\'c

I_ thc _Mlical _i,_i__1 ihu ililcrlcrlllilu'Icr. _ll ihu u,,t.' (_1lllc'_t_' pl:ilc Ih;il c;.in bc i'_lltilc'tl ',lbl_ul il_ c\lindrical axis. i\,, lilt half-

Icn,,c,, inininiizc_ _phcrit.'al iil_crr;ililln..%illCC lilt 1i7.111I_u'l_c'c'll \_a\c pllilu i_ rllllilcd, lhc pll',_er iali()ill lhu _l_ic'c'ibcalll Ill lhc

/. I alld/. 2 is, c()llilll_ilc'tl, i)nlv lhc' l_,,ili_il (_1/., is ndiuqc/l hi Ic'lcrt.'llCc' bt.'nln _,ai'ic', c'lllllillllllllsl\ bcl_,t.'t.'n {);.illd I.

I(_caic Ihc I(_c'tis _)1'llic c(in_ Cl_t.'iil bc'anl _il lilt.' rc;.ir l_c',il p_iill

()l lhu cr._l_cnic I;.ir_cl.
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Figure 5X,?,(i

.&schematic ollhc opticals\,,temthaltli_itlesthe',mH'ce_ffracli;iti_nhllolhc oI'ticd;rodrelcrem:ebegun,,.\'ari_d'qe',L.a,,cl'l'_mIdi_i,,ioni,,p_,,,,ihlcU',InL'lhch_dl-

v,ave plaleand lhc i_qari/ingbeam,,pIitler.I_ohlri/alion-I_re,,er_,ing fiberi',unnece,,,,ar',iftluarler-__i_e phile,,;ireu,,edI_u'ircuI_irI>p_q_Lri/elhe li_h!Immchcd

intothe ,,in_le-modcopiic'_dfiber,,,lhereb_,redu¢inL'the detrimentalefI'cclnthalthe _ariahI¢hendin,_¢ondithmx oI'lhc fiberh;i_c _n the intcrIcr_ram.

When linearlypolarizedlightpropagatesthrou.shanopti- severalnanorneters.This tran.'.,late.,,toa coherence Icn,&th_I

cal fiberthatisnot polarizationprescrvin_,thepolarization onI_'a Ic_.vmillimeters.To aM inaIi_nmcnl,theopIicalsystem

directionofthelightemer_in_ l'rornthei'ibcrdepends on the isfirst_dignedusin_a lon._-cohercncc-lcnglhsource,,uchasa

bending conditionsof lhc fiberhet_veenthe .,,ourccand its 11¢-Nclaser.\Vl_cnthemaximun_ ¢Ollll'i.lSlOfthe inlcrlcrcncc

termination.The COII|I';.ISIOf illlinterferencepatternalsode- fringesha.,,been obtainedb\'trimmin.S lhelength_fllheoptical

perldstmtl_crelativeanglebetv,'eentl_ept_l',.uizatitmdirectionsFibersand adiListingthe spacin.sbetv,een the polarizing

of thetwo beams thatproduce it."h+stabilizethe interIcro- beamspIitterand the optical-fibercoupler in the reIcrcncc

_l';.tlll'SCOllll'i.lSt,Cluartcr-_vavcphilo.',arc used to launch _irrn.the"'l'lip-in'"mirrorinFi_.5X._()c_tnbe removed and the

circularlvpolarizedlight(xviihthe same hanclednes_,)into laserclit_clebecomes thelight,,ourcc.l'incpath-lengthad.iList-

each fiber.Althougl_some ellipticityisintroducedintothe meritisacCOmlfli.,,hedh\'carefulpositionin.__I theopiic_fl-

Ii.sht'spolarizationduringpropagationtI1rou.shthefiber,lhe Iibercouplerin the referencearm. which inmounted on a

contl'i.lsll'cnl_.lill_,relatively¢OllSti.|lll;.It,,the l'iber,,'hentlin_ precisionslide.A broadband polari/in._bealnsplitterand litl-

conditionsclum_c, uid-cr\'staI_v_veplate.',thath_\'canequalrctard;Lncclortv,o

,,va\clcn_zlhs7_u'etlSCd sO theL'(_IIII'_.I_,I_I'Illcintcrlcr_._n_min

An intcrter_ramcre_ilcdwithlon.S-cohcrencc-lcn_tl_li._ht m_i altered_vhcnlhclight,,oL,rccsarcinterchanged.

_cncrallycontainsa si.snilicantI.IIIIOLIIILOf Ira,v-contrastnoise

due to interference hcl_,veen rclleclions lrom the various Ph;isc sen_,itiviticx _1 the (lltlcr (ll ;i Ic\v hunch'ctllhn _1' _i

optical _ul'l'i.icc_,. "Ill reduce this noise, _i sllLll't.'c ill short- t'i'in.sc Call bi.' achieved tl_ill_ ph;i,,¢-,,hiflil] 7 iechniques. 'x Ill

cohercncc-lcnTlh 1iThi Call bc ulili/od, l-lo_vevcr, ihi,, III;.iku'_, This invid\cs scqucnliall\ ;icguirin7 inullilllc illlcrlu'l/_r;.illl_.

the _lli_nlllenl and optical-path bl.ilancc between the ohiccland e;.ich _viih a kno_vn phase _ll's¢l bci_vecn lilt'ill c;itl',etl b\

relel'ence bcalnn nlore crilical. (I:iAIAs 7ain-guidu, d h.iscr ii]iil)clucin7 _l ,,liThi i_ilh-len,,,ih ch;.in_c' in imc o1 Ihc

diodes lll'lel'ale with lltllll¢l'l)u_, I(in_iiutlin;.il lnllcics i'u'_,llll_.llill_ illit.'rl'crlllll¢lt.'l"_, ;Irlllk. The I_ha,,u' i>l'c';il.'ll plfinl in Ihc inlcrl'cl_)-

ninlLlllarieou.xl\, llrl)ducill<7 rtlcliali_ln _vith a I-_lnd_idlh _1" 71_.iln, InlltlLIlll 27t, i_, lhcn _ll_l_.iillc'tl b\ i_u'rl_lrlnin7 ,,illil_lc

!.!.t'."Rci'icll; t'<,hmn'.4,k' ,_7
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I|lilth¢lllilticltl i_l_¢riltit_ll,, ,_11 tile ,,el t_l i111crlcrl_21",llll',, ()11c' it'l_lu',,u'lllill_2 lhc \\il\cll_Ull ill,,itlc' illltl tUll,,itlu' lilt' l;llUt.'l",

;u.l\ untug¢ o1+phu,,u-,,hilling mclht_d,, i,, lhlll the ph',l,,¢ n.',,tdu-+ imu_c _lrL'td_taincLI. lhc di,,c_mtintlil\ bcl\\ccll the ,,\,l\ clrtml

litre d¢l_¢nd', prinlul'ilx tm lhc el,,illulli_: ruN!-c _I lh¢ ('('1)illra'_ lr.:lnslHiltc'_l tllnm,-Ii Ilk' cltp,,uh.' itll_.l lhlll I_;l',,,ill_ _ir_mml il

{tllitl the CtHill'ilsi t_l'the illlcrl¢l't_rillll) illlJ, ltl it Ic',',Cl d¢,_,r¢c, t_L'Ctlls IICilr thg CiICLIIIIIL'I'¢IICC t_t the c;.Ipstllc. \\ hcl'C Ihurc i_ ;i

till the clilnun,,itUl,, t_l indi\iclti;tl pi,,ul,,, it,, i,, lilt caw \,,ith ,.,ub,,t;inlial ,..tup ill the td_icct v, il\¢ll-tUll',, l+hil,,u ',Iml there'

lrin_c-lindin,_, tcchriiclU¢.,,, mi\ hc it d;irk un..'u duc, lt_ li_-hl twinu rut rltctud tmi,,itlu thu

,.lpClltll'¢ ill L _,.

..\n clc_zunt nlclht+d t+l intruducirG- u ctmtrt'dlcd l+l_usc.,.tel+

intt_onc tflthc intcrl'cn_mutcr", urnl,, is tt_ ,,li_htl.,, ¢hmg;.ttc the The \,._.l,,clrtmt v, itllin the interim'u _1 thu uup,,ulu i,, thc'rl

,._l+tic;.tllilwr in thltt +.trln.l'hi,, n+¢tht_cl introduces _.il+Uth-lcngtl_ lifted tt_ ;.t,,ut ,q l+t_l>nturiiitl,, that urc _u'th_u_twniul t+,,ur it unit

chlu_c _llt+ll_.'im,,I citrus nt'd ull¢ct the tilt t+¢l,..\ccn tll¢ t'd+.icct uircl¢. ,.,richus Zcrnik¢ l",td\ ntul+iitl,,, j'I _lhu_.'clltcritnd rudiu,,

iilld rcfcr¢llu'c' \\ _.l\u'lrt+tllx. ',,,hiuh citn t>llCri bc cli',,lurb¢cl \_.h+,.'ll t_l cur\ ;.ittllu' o[ IIIc v,.;.t\¢lrtHll ntlrrt+tllltlill_ the t;.ll_¢l",, illlil_¢

,m t_l_ti_.:',ilclement ,,uch+.i>,itmirl+t_r,.Jrlcnnisclispluuccltt_ isthun +,lu,lcrmincd.,,\Ithtlu,+..z,hthe l_ilck_r_'_untlrin_+,,,,llt>til¢.l

irilrudtic¢the ,,unlcpIi._i,,¢,,hiI'I..-\pic/t_clcctricclcmunt l_,_ bc ,rutdcc_mccntric\',ilhthecunlcrt',Ithel_.ir_+,.'t',,,iIll;.I,g¢.IIic

,,trctclltllclihcr',rodit,,,.t,,s_ci_tlcclclcctnmic,,isc_mmcrciull\ lutcn.tldi,,pl+.tcemcruh¢l\\¢¢ntheccnlndd _Illlclar_cl',,cir-

u\uiluI_Iciriu,,iri.,_,I¢.ctwlii++.icttiniI.IITI_¢cI¢\icci,,dri,,cn\\itI_ctimI¢rcno,.';.indth,,'centert+Icur\uturc_I the \\u,,,,.'Irt',nt

_.i(I-tt_I(i-V,,,i_riul.v,.hichi',,_.'+,'urG+utiI+Ic\\itht_pic._tlcli._it;.tl-'.,tlrrt'mriclin_theItlI+._cI"_,iIll+,l_CclcIcNilincstherlm_nitud¢;+irkl

It,-un;.iIt+_otto\crier,,.The t,,U;.iIphu,,,,.'shiItintrt+dLiCc'cl\\iIIi diructitm_'_Itilen..',,Mtmltilthct\\¢¢rlII_c_bicctitntlr¢I¢rcncc

r¢spucttt_tllcnlu\imurnupplicd\t_It+.t_¢curth,,."_,clcctcclb\ \\u\clnmt,,.lllcdili¢runccin cur\utur¢t:,l1h¢ \,,.;.t\clrt'mt,,

_,ur.\irL'-'the tt',t_.tllcnutl+_I the libcr_:crncntcdtt_thepic/t_- lran,,,mittcdthrtmgl_urklpu,.,,in,+_,+.utmndtllctal_Ctisun¢clItl

clcctrk:clcmunt, clutcrmirl¢tilelhickncs,,_I the lu¢Ilu\cr.;.tcct_t.lntiri+uIt_rifit

ctmtributitmduc tt_the crept\uup,,ulc.Ih¢ ut',cIIicicnt,,t+I

Typiuulir+turlctt_._r+.un,,l_t_<.Itluc,tl\\ithl_()tl_plun¢+\\u\c;.tnd thelli_l+¢r-_)rclcrI+OI,,nt',miulsr¢_.cultllctl_ickn¢,,,,um.ll_.ttcntl

ctm\cr,_,ent-l+cumillurrlirmti_mmc ,,ht_\\n in Fi,,'_X._l"lt_ tlimuri,,ion,,oI t11¢rlt'munilt_rrnitic.,,l_rc,,¢ntinthe c'tmduri,,ud• L-,.++ .

dutc, +.iluscr dit,,clc lm>, n_t lwcn purclmsccl. ;.tlthtm._l_ _uit_.tblc iucl lu\'¢r.

canclidutc,, hu\c been iclcntiliccl. l'licr¢ltuc. birth iimiTcs in

Fiu. $,X.?,l \\uru t>rtltluccd \\ith u th.'-N+ I_is¢i. :\l thi,, lime. ..\ltllou,Th ih¢ an;.il\,_i,_ ill IhL' inlcilcrt_Trlul+ iutltluc¢cl is

both larTc-clianiclcr c_it_stilc,, iintl the niclh_dn it_ r_rt/i.lucu, nJ{Zllilic+intl\ IlltirL' ctln+l_licatcl.I, the inicrlcr_miclcr dc,,cribL'd

unil'tlrlll, thick t.'i_llclc'ilnu'tllucl I;.i\rcI'Sin lilt'ill i'clrl;.iin l_l be"Full\ ;.ibtl\ t.' ha', su'\'Cl;il ;.icl\tinlaTcs ll\cr t+lltic'_il ,,\ ,,Icills lh;.it illulni-

dc\clol+¢d, ltcnc¢, ic,,t,, \_u'r¢ I+clltll'illCd tin rt_tUll-iu'ln[_cralurl.' nl.ilu' th¢ lal_Zcl \\ith ill;in_.lr \\i.i\cl'rtlliln. 1-I_,illtlnlinalin{z lhc

oaf+stile,, \_ilh clTccti\u' lt_cltl lu'nTthn ctmll+_ii'abl¢ ttl lllt_S+ lai'._ct \\ith u bCillll l.'_il\c'l'7iil{z ll_ its i+t.'iir loc_il pt_int. Ihc

culculalcd lor ()_II'XI.,\ I.!l'lTratlc --,,tied Cal_sulcs l.'llllltiillill_. \v;.i\clrtml Clllu'l_ill_ l'lOln the li.lrTt.'l ix l'l_.ittu'n¢d. \\ith olll\ tilt.'

thi_.'k u'i)_lTc'llit." Iucl la\t.'r,_, l:i_urt.' 5_.._1{;.i) \_.i,, t_bt;.lillCd b\ CUl'Valurc tluu'tothc _rlhcriciil _.lbcrr;.lti_mtcrin rL'in;.iinin_. Mtlrc

ru'nl_l\Lin7 /._ and iicl.iustin 7 the h;.ill'-\\ii\'¢ pl_.il¢ to l-lrottu_.c liTht i_ uoll¢ctcd ll+_lill it.,TillllS n¢_u Ih¢ I_erinlclcr_lllhc 1_ir7¢1,

ill;.i\inluln lrinTc ctulli_.i,q. In t:i 7. 5X,.Jllb). #._ \\+_inrLTll_.iL'¢d ancllhc intcrl¢ro_raln ¢_m,,i'q',tll_t',¢t oIrinT',tll_il_u+cct_l_ccn-

and it,, i-_,,ili_m \\ it,, udju,,tccl until ihc ccnlt.'r t_i the I_ilTu'l's tlalctl n¢ar lhc i_¢rinl¢lcr o[ thL" tar_ul'x tillage. Thi'_ t.'illltlilt.'t.'k

inl_lTu"\\ ii_ nclirl\ unil_uin irl inl¢n,,il\. Nt_lc Ih;.tt II1¢/Lnuinbcr lhc l_ha'_L'_crl,,ili\il\, und ihcrcl_r¢ Ihc _cn,,ili\il) It_ lhickn¢n,,

tll/. 7 IllU,q hi.' c.'htl,,cn It_ ,,uilicicnll\ t_\ ¢rl'ill the I_ir_¢l'_ illla_c \ iiri_.llilm,_, thui l.'_ill be achic\¢d \\ ith _i ,,p¢cilic ('('1) _tri_iv.

,,_ lh_il Ihc cur\iilur¢ t_l lhc' _b.iuct \\;.i\c'lrllnl i_ti,,xill._ _irtll.intl

ihc cup,,ulc ciiil hL' iicc'urlih_'l\ d¢icrinii_¢d, a,, dL',,cribcd bcl_\_, in uddiiitm, thi,, ii_icrlu'rlml¢icr illt.'llrl'l(w_il¢_ k¢\u'r;.il unicluc

Ic;.tlUlU",.The lllcl.ilitul tll lhL"coN\ c'rTt.'lll bciilll", lllc_.il l_int ciin

l'hc inlcrlcill-runl nh<l\\ n in l:i_..S_..411bi i_.in;.tl\/ctl in lhc bc c:tliliiiltitlti,_l\ aditinlctl t_ c'tlilll_c'll'_iit.' l'llr ii \_idc i':.in{zctit

I_11_\ in._ nl;inncr Ill _dmiin inlt_inl_tti_m ;.tlltltli ihc thicknc,,,, CUl_,,ulc/lucl-la,_¢r diincn,,ilm_..Sir¢lchin 7 ih¢ _ptic'ul libcr in

and tii/ii]lrlllil\ tll' the c.'(ulclt.'n,_ctllucl lu\ or. I"ir'q thu' t.'t.'ilh.'r_I the r¢l¢r¢ncc' ill'Ill I_l_\ idc,, i_hu,_c-,dlitiinu capuhililic,_ \\ itht_ut

lh¢ lill_c'l',_ iinuTc i,, It_c.'iilu'cl\\hilt bllwkin 7 th¢ i'¢I'crcnct.' Iniil,,lalii_2 _ptiu'iil Ctlllllltlllcnl,_. Th¢ tl,_l.' lit rclali\¢l\ ,,htut-

bc',iln. lhu rCI¢i'LUlC¢ bu'iun i,, i'c,q_uc'tl, iincl l_hu,,c-,,hiliii_ ,- ctdlc'rcnc¢-IcnL, lh liThi ,,til_l_ic',_,,u',_inlcrluucncc lituil ,_l_tiii_u,,

l¢chnitlUc',, iiru' utili/u'tl i_ nl_ip the pllli,_¢ i_l the \_ it\ u,lr_mt u'_ii rcll¢ciitUl,_ \t iihil_ ihc i_l_lic:iil ,,\,qcin. lhcrcb\ rctluc'in 7 nt_i,w in

lLInCtitlll ill p_l,,ililul \_ilhin Ihc illlli{.'u', illtltltittl 2_. lh¢ i'lllm,c Ih¢ inl¢rIurtiQriiill.

i_l Ihc \_a\ cll_ml i,, "lill\_. rlll_l-_u'd'",,(_Ill'<il c'(llllilltllltl,_ _tlllilt.'¢,_
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Compact, Multijoule-Output, Nd:Giass, Large-Aperture
Ring Amplifier

A hi_h-_ain, larYc-aPerturc rin_ amtqifiCr II.ARA) ha,, bccn of carei'ull> ,,halwd teeth Im_trudin_ inhl the Iran_mi_,,i_.l

dc,,cl_lWdv.itha 37-tllrrlclc;.ir_,iFlu'rltlru'thal,,k'li,,crnOLIII_LILl'C_iOll.The radiall,,_ar>in_ teeth_._.idthdclcrnlinc,,theradi-

cncr_icsoI'>I5 .Iina I-n',pul,,¢ata',_a,.clcn_thof I.(i53,zlm. all,,_,ar\inu trali,,mi,,,,i_mltln'.:liliil...\llh_u_hllli,,c_mu'cpIi,,

The conipt|¢tt'in_amlflificrliiscntircl_,on a4'".,I()'tableand 11oinov,.I the lal_ricaliontcchnlh.lttCLi',cdi',nov,.The al',_-

isthe mairl¢ornl'_oncrllof tllc()MI:.(IAt'p_rad¢dri,,¢rline. di/¢risnumulacturcdh,,dcp_v,ilin_a thitl._,paqucla,,cr_I

The kc_,elclllcnt.'.,ofrilerin_ca',.ilvarea fla_,lFlaml_-pumr_¢d,cluorncon _m¢ ,,MeoI a plane-parallelBK7 ,,ub,,lr;.|tc.The

4()-rnm-diamNd:_la,,.,,amplifierrod.a telephotolcm,,,acuum plane-parallel,,uh,,tral¢millimi,,¢,,p_inlin__.'lum_¢,,v,11¢n

spatiallillcr,tIIltl_.IPockclnc¢IIthaloplicall)s_,_.ilchc,,the llw ap,,_cli/cri,,in,.¢rtcdiIlll.lthe beam. [',,ing,,landardlitl_-

pulseIobe amlflilicdin and out_I lllcrin_ca_.iI_.. _rapi_icIcchnigu¢,,.I11Capodi,,crisetched inu_lh¢ u'hr_'m_¢

la_¢r.The IcclIlinlhcaI_odi,,crarc allIi_I_H'_a_ialIrcqucnc,,

System Optical Contiguration and arc l¢ml_\ cd b,, the H_alial tillcr in I.ARA, Ica_ in_ bchiml

rhc Ml.lndi.lld_._pticalCOIll'i_LII'iIlii_nl'OI"lh¢I..'\R,'\amplifier the lov,-li¢LiU¢llC_,radialinlcnnil\rnodulali_m.I)ilTcrclll

is,,hov,ninFig._X.32.A puI,,cori_inalin_I'rornar¢._cncrati,,c apodi,,'¢r,,can be m,cd I_ I_roduc¢diffcrcnlhcarn pr_ffilc,,

amplifierpa,,sc',II_rou_han apodizcrhcI'or¢cnlcriri_I..,\RA. aflcrampIificalh_nin I.ARA. Annular. Ilal-t_q_iwd.and a

The ap_.,.Ii,,crrnodificslhcbeam i_rofilcinorderIoproducea _.ari¢l_,of i'_IIlcrbcarn pnffilu'.,,I1a_.ch¢cn produced in thi,,

l_rc.,,¢ribcdncar-ficldir_tcri,,it_,di,,lrihuth.ulaftcrarnlqification.Ia,,l_iml.After pan,,in._ll]r,,_u,-l_lllcap_idizcr,the pul,,ci,.

A lypicalapodizcrand ilsconCSl_Ondin_ annular beam arc :,,v,,itchcdintoI.AR,,\foramplificationb',,r¢lIccli_m_IIlhc

sh,,_n in Fig. 58.33. The apodizcr I'tlitlcrn It:i_. 5N.331 is one inpul polari/¢r.

l.('ll__l_
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X ,,\p_idi/er cell_ _ll.

iina_¢ _ Y/ I.('I),_,_A_"-"//
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The polarizalionof a pi.iI,,cinsideI,.,\R..\i,,conm,lledb\ l,-p_lari/¢dlightl_circularl.dari/ali_m_ hiltpa,,,,in,_lhr_u,.'h

lhe ¢ombinalionof I_o polari/cr,,:a hall-_axcplalcand a lh¢amplilieri_d and ,,paliallillcr.The ¢I'I¢cls_Iradialbirc-

Poek¢I.,,cellassho_vninFi_.5,X.3Z.Wilh lh¢P_¢kcI,,ceiloff. Irin_¢nccare mili_aledb._pa,,,,in_circularI_p_dari/cdfish!

._-polarizcdlighlenlcrsI.:\RA I_ 1"¢llcclionoff the inpul lhr,_u_hIh¢ ;m_plilicrr_d..&l,,_,b_ckrefl¢clcdlwaln',l1_ml

polarizer.The haII-_av¢plalcchan_¢,,If'ItIi_hlI_l_-p,fla1"i/a- ncar-n_,mal,,uMac¢,,in lhc ea_if',,,ucha,,ih¢ ,,palialIiIIcr

lion._l_ichi.,,tran.,,nlitlcdb\'lhcotltpLIIpolarizer..,\ltcr_mc I¢n,,¢,,arci"¢II¢_.I¢d_,.il_I I.,\R..\iv'_,nIll¢p_qari/¢r_bccau,,c

round trip.thelightisa_ainchan_cd hack t__-pulari,,alionh\ _ia hall-_a_¢ rotationll_mlduublcpa.,,,in,_thegl.latler-_a\¢

lh¢ halt-_vaveplaleand isrclIcclcd()tl| Of I.,\R.'\h_ ihc plalcs.Thi,,pv'c_cnl,,damage due I_ _h_q rclIccli_u_,,h\

otiipulpolarizer,t!ndcran idealnittlation\_.11¢r¢thepolarizer,, dir¢ctin_the_}lt_,,l¢ii¢r_._()ill_II.,\R..\bcl_)v¢i1i,,_m_pliticd.

ha_¢ iniinil¢c()nlrti.,,Ihcl_vccnIran,,miIlcdp-p,dari/cdand

rcllcclcd._-polari/cdli_hl,a pulse can t1"a_clal In_,,,I,me ..\_;IL'tltllll ,,patialliltcr_ilh lch.'l_h_l_,I¢n,,¢,,i,,placed

round 11ipbcl'_1"cbcin_ rci'Icclcd_ul ofI.ARA h\ one uflhc in,,id¢I.ARA 1o pm_ id¢ I:I ima_in_ inlh¢ ca_it\.pv,_idu

polarizer,,.Thi,,design IC;.IILII'¢limib,lh¢tllllOtIlllol'aml_lificd spalialbeam cleanupi.iIIcreach aml_lilicati,,_pa_. incica,,¢

sponlancou_emi,,sion(ASE) thatcan buildup insideI...\R.-\.the lhrc,,h_qdl_r"'_cll-la,inu"_uthe_.'_i_iI_.and cancel_dd-
_H'dCI" \_ i,l\C[l'Oll} i.II1¢l'l';,lli_,Hl',[oI" ;.lllC\ ell lllllllb¢l _I l'_iIlld II'ipx.

Ifmore lhanone ampIiI'icalionpas.,,i_dc,,ired,lh¢Poekclx A I_picalrin_ca_il_d¢,,i_n_ ilhI:Iiln_in__ _uldti,,¢aI__-

cellcan h¢ puI_¢dIo ilshaII-_va\¢voIla_cduvin_lh¢ iir',I Ion,,r¢la_._ilh _mc Ion,,aleach principalplaneinIg_._X.32

1_und IripoIan injectedpuI.,,¢.When lh¢pulxcpasseslhn_u,_h and IocalIen,_lh,,¢gualI__,w-I_Lirlh_I lh¢r_uml Iripca\iI_

the polarizersectiona_ain,itexperience,,a l'ull-_a_cr_la- dinlam.'¢.,\Ithe high energies,_II...\R..\.a _',wuum r¢la\i,,

li_i_lr_,nthe half-_va\¢plateand pul,,cdPockcl,,c¢IIand i,, rcguircdto¢linlinalcbrcakd_ nal thel_.u,,_ItheI¢n,,¢,,.l_u

translnillcdb_,lh¢_utpulpolarizer.:\ltcrthepul,,¢pa,,,,¢,,llle a I:Iimaged ea_it\lh¢princil_alplane,,mu,1 liein_l'_p,,,in_

PockclscellI'ora I'inalround irip.lh¢ P_ckclsceili,,lurncd I¢,_s,fllh¢:in,_andcauscdiIIicuIlic',inlhcdc_i_n_da_acuum

off.and lhcpub,¢i,,,,ubncqu¢1_ll_rcl'Icclcdoul _Il.,\k.,\_II" I"¢I_\.Thercf_rc_ r¢l_i\\\ilhIclcph_m_len,,c,,i,,plaucdin_m¢

lhe ()ulpulpolari/er.In lhisl'm,hiun.mullipl¢round Irip,,in I¢_(fllh¢1"in_z.The clIccli_¢lt)calIcn_lh_dlh¢Iclu'l_h(_l_I¢n,,¢.,

I.,.\RA can b¢ rnad¢ b_.'lulllin_ the I'ock¢l,, c¢11on I_. IllLIlli- in equal I_, _ulc-I_ul'th 1t1¢c_l\ il', n_tlnd-tril_ di,,lanc¢, but the

plcsoI"lhc round-tripca\i_._(inle(22 ns1.Igorexample, l',_ur pl'iI_cipalplane,,arcdi,,placedlr_,n_h¢Ion,,p_ili_,_,,all,_\_in?

roundIrip,,_,.'cur_\hen lh¢Pockclscelli,,ILirncd_11I,_r66 m,. lh¢ rcla\I_li¢in_m¢ I¢__I therin_.

Polari/ali_nconlrolixaI',_u,,¢dI_r purp_,,¢,,_lhcrlhan SpalialampIilud¢ m_i,,¢Ir,ullea_.'hampIiIicali_mp_,,,,i,,

c_mlainin_thepuI,,¢inlhc I.,.\R..\ca\if\.The addili_m_flI_<_ IiIlcrcdb_ pIacin,_,apinh_fl¢allhcI_cu,_Ilh¢\acuu_llrcla\.

tluarlcr-\\a\¢plalc,,,ax ,,11_.,,iiin Fi_. 5X.?,2.chan_¢,, The pinh_I¢al_orcducv,,,\Sl:inl.,\l,}..\b_ lilililin_lhc1'any¢

1.1.1:Rrri<'n, +,+,l...' .'+A' Ul
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oI'p_Unlin_anklet,thatcan Im_l'm_atein,,idcI..,%P,.\._incL.'llw _)_tenl('haraclerizalion

,,l'_atlalfillercau,,u'_an iilla_cin,,u'r,,ion_ lwn lra_er,,cd,odd- ._e_er;tlfeature,,_d the I..\I._..\_i1111_lili_.'l_In.'in,,c,,li_;Hcd:

_rderal'wrraliom,inI.,.\RA.,,m:h_',c_mm. _ illl'wcliJ11imHcd h_4d_fl._lin __.'r',u',b_iilkum.'r_),m.',irIk'hl.illlcrlcr_ulwlr\.

pro,,h.lcd411 L'%L'IIiltlll111_.'l'01"l'l.)tllldtrip,,_llc 111;Id_.'. 411d prel_ul,,_.'C_HIII';r,I.['111¢',',t)tl1,,2r\_i,,c,,t,ll,..'d.thu rc,,ull,,

I_rc,,cntcd mc l,_r ,i l,,ur-i_a,,,. !.,\i,_,\ i,, Ih,.' _.'_tlli_LIr',tti_,tl

:\ltcramplification,thepult,c in,,_,sitch,..,d_)ut_fll..&R..\b,, ,,h_v,11il|l'i_.._,_.._2.._i11_'¢II'w4mplil>iILL'_wdiun_ inlhv

rcflccli_m_,fflheuulF,ulp<)h_ri/erandim,,,,e,,lim)u_h_quarlcr- I.AR-%_.'_',it_i,,a ll_r,h-lamp-l>UUq'wd.-ll)-_l_))-di_mNd:_h_,,,,

v,a_,c lqale at'_dan isoh.llium ,,ta_c.'l/ic i,,olation '.,|;.1_¢C_Hini,.,l'_ allll'dilicr l_d. a Ill;.1\i111LII1|rel_,,.'titi_m l",ltu' _1 v,ne sll_q per

_,I'tv,o liquidcr,.qal polari/cr,,II.('P_oI_l_l_,sit¢h;.illdcdn¢,,n5 i|ii11isl.i_,¢dl_rn',.,4¢11|d1_tt_.i_:lcri/_ttiOil.

,,urroundin,_a Po_.'kcl,,cell.The i,,ulation,,ta_eisu,,cdt_

itnl_t_,_c rh_' C(HIII';.IM hel_._u'cll Ihe amplified iml,,.' _,._1_,t TIw h_4dufl,,_4la_c of Ih,,.'rin_ m_q'4ificr,,.'a',il,, i,, defined

i.,.\R:\ ;,Irld ;.tll} pro- or pont-pul,,cs. The i,,ol_|lioll ',,I;|_¢ aj,.,o ;,inthe _oll;.l_c to v.,l_iuh the anll_liliCr call hc fin¢d hcf_u'¢ ,,¢ll-

i_lolects I.,,\R,.\ II'_,Hll light l_r_pa_alitl_z hack tlll'oll_h the la,,in_ ,,_1the I'ill_ t.'_¢CLII",,. Su'll-Ia,,in_ ,,_1the I'itl_ OCI,.'LII",, _._h¢li

is,OlatiOtl st;.l_u', the I'_LItld ll'ip _|ill l'or :\SI" c\¢u'¢dn the roLInd-iril_ Ios,_,¢,,, _,_,ith

lh¢ Puck¢ls c¢11 in Ih¢ "'_dl" ,,I;.11¢.l]¢h.,.,, Ih¢ s¢ll-h._,,in_

()flu" _,_It11¢ dl';,l_._,b;,Icknof the prCnCnl I.AR,& de,,ign threnhold, _IilS :'_,_!_11";,1\¢1i11__li'{_Lllldthe i'ill_ cU.I1accltnluh.|tc

ll:i_.5_.32)isthe I:Iimaging of theca,.it\thatplacu',,lllc olllso_er_nclOklndtripbcforcbcin[_rcfl¢clcdl'r_]nlthcca_it_.

ilna_¢of lhc inputapodi/¢r insideI.ARA. AI time,..,,pace The sell-laqn_lhrcnholdisprimaril_determinedb_ theprac-

collMr;,lillln do not alh'_,_, for proper image rch,i._iti_ _,,l the lical liillitalioll,_ _,¢tt_%the fil_ilc u'ollll;.Inl ol'lllc poh.iri/cr',, and

apodi/cr through tllu' oLitplit oI I.,.\RA. ;\n alternati_,¢ l.,.%R,.\ the i)oCkcl,, ¢c11.a,, _._,cllan m,nidcal v,.a_,eplate,,, the ni/¢ o1

de,,i_,n Ih;.ll O_,L'I'COIIlCn this difl'icult_, is slwF_.n in t:i_. 5_._4. the spatial filter pintwdc, and the birclrin_crl¢¢ _I" _plical

Here. Ih¢ illla_z¢ o1' lh¢ apodi/cr in lhc ol.lll_l.II bc;.u11fall,, u'onllwqlCnt,, bcl_,_,¢enII1¢ illl_lll alld _'_LilPLItI_,lari,,¢r,,. Since

oulnh.l¢ Ihc I.ARA ¢;.t_.it_. ',,_.hicl_ ,,implific,, image rcla_, i111_,_ thu'rc arc more _,,plical conli_ollenls hel_,_u'cnIhc Iw4ari/¢r,, in

the re,,t _,lthc amplifier chain, the cavils configuration it1 I"ig. 5,_.34. a h_er sell-Iasing

l)_ckel_" ,8_' '

"'fr'di/cr _ # u_ll "_'_'_
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\V¢ xsould likc t_, _lcknox_ IL'_lgu'the in\ ahlahlt' u'lHllllhLlllOlln _ll II1_|11\I.I .I :
I. .I -\tlcFh;lch ;.llld .I.I.;Ix_xHn. I.a'_,rcllu'c ' 1.1_.¢1"111o1'u',_ati_ul_ll I ;,Ihlll'illtH\

co-x_ orkCrn: !). Ballcrol'l. \\'. l_u'k'h. I). I]I'oxx n. ('. ('olloll. J. II Ku,llx. (" K.
I t_I'1% lilt' c'llllllllllllit.'illilil} I,

Merle. R. (i. Roide,. \\'. _c'kli..%,1. l). _kc'liion, .%1.-l'cdro_. K. l'l_L_il_, .X1.I).

"l-rac'_. and 1. \VIII. Thc'ir i.'fforl_ illc" 7l'Call} al_pl¢cialed. l'hi, _lik _ ii'_ __. ._. I:..._l_lko_t _ki. R. A. _illlt_ Jill. and .'%1..I.\Vcbc'r. I.ii_,_it'lll.'t.' I.i_ u,llilOrt,

supporled h_ lhc' I.'.S. I)¢parlinc'nl of l{nc'rT) ()flicc" llf lilcrlial ('onlinc'mc'l_l N_iliiqlal l.al_l_rahli'_ Rcpiwl..%!.U5. 14c,_.2. \'ol. I i !<J_l i.

funion tinder ('oOp¢lali_,c' .&_l'c'l.'lllc'nl _o. I)t{-I-('1i.1-9]._1-'11)4611. Ihc" llnl -

_c'i'_il', of Rl_chc'_ler. and the .'_'c'_ York Slalc I'11c'r7} Research and 3. l.ahoi'alor_ for I.a_c'r I]nt'r,,,c'lic_ 1,1.1: 14c_ic'_ 31. NFIS docuillc'ill

I)¢_ ¢lol_nlc'ili Authority,. The _Ul_l_Ol+lof I)( )E do¢_ nol con_iiiul¢ _,111c,nthll-,,¢.. ."_o. I)( )1;.II)1V4(121111-47. I _,X7 I Ullptibli_hc, d i. p. I 14.

illu'nl h\ D()I-: of lilt" _ ic'__,s u'\pru'_ncd in Ihi_ al'ticl¢.
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