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The wbr ity ot wsing s omesting laser to veporise U oo oselia

Dol o L noatepuise tesl-retreeZe celngd tor prus o Lion

toanttara solre oo layers anede polymer coated glass

Sorcaunere Laryeitn, us owell s o bne suscreplibdiiily of such

Sryuande Largets Lo wrivany caser AMD wepenus eraticaidy un
o amennl ol tncuenl leser cneryy absulved oy Lt Larygel.

v reluldve dbsurplivh et tenty mdy vary wiln largel
adterial (puiyner, gqlasy anu solid 0T lajers) as wedt as tue
wavi ety o1 tie 1 uminetin, taser,

We o Nave determilied capertaentsily toe traction gt laser
Frgnt toctdent un o 11ided cryugenic pulymer cvdled gnd vare
gldss micruspherce tdavgebs tual 1s doSOroed 1o pruduce Lldryel
heating, [dta has ueen obtained for bare glass and Ch and F

Wy lyiier Coated wicraspheres al 488 nm dny w32 nm laser
wavelengths,

The weasurement Lechinique used and experimental results

obtained will be presented,

*Work performed unuer the auspices of the U.S. Department of
tneryy by the Lawrence Liverwure Natiounal Ldboratory under 3
contract number W-74U5-ENG-43. )[&
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Introduction
Some direct irragiation cryogenic laser fusion targets i
cousist of polymer coated nullow glass microspheres with tne UT !
teel trozen out 1o g thin sulid layer on tue interior ut the
target, To dnsure adequate syumelry auring tne tdrget
tplostun, the trozen yl Tayer must be suuoln and mignly
Concentric, Production ol such a high guelity Jeyer requires
tinat the ol tucl ue raptdly trocen trom the vapor, lo
Pactbrtate unitura layer prouscbiof o faser nuat pulse Tust
Pulreede (LePbgp doonnigue wa u'LVL'\u|.;L’u.J iolne ducul
app licabion ot toe chdBR Leeniigue the nealing lTaser bight
poulu be strotygly cevuraeu oney by e ol Tac b owliich weuld e
Bealeu i VaputriZea, wille Lo resi oul Tue Largel redialny
unticalod,  Atier tme Laser puise tie gdsivus tued wuuld rapidiy
atel anbormly condense val vutu the culd tarcel walls,  bor
pulgier cogted or aare glasy ryogenic Largets tdeal LhPbx
belidvtur ds nal expecled, thoinat the Duia ol the nealing laser
emer gy will be deposited i Loe pulymer and glass ldyers,
Puerygy Lranspurt Lo tne tuel ot gccur vy tneraal aifrusion
resulting inog tewperalure disiribution through the ldryet
Sagnitrcdntly diytterent tran tue ideal cuse,
Avsurption vl daser biyni oy the non-tuel cumponents of
T Tufged CdE a0 Bl o FOECon Ce” Midh tmuin nedeTay =
tlucnee angident gun tne taryel, if damayge Lo target cumponents
1s Lo be avoided. Such damage could oCcur tnrough mecngnical
tailure of pulymer coalings due Lo large stresses generated oy
ditverential tnermal expansSion of bonded polymer ang yldss f

layers, This failure mode in aadition tu veing relevant when
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applying the LHPER technigue, may also represent a target
tailure wechdanism due Lo ariver laser Amplified Spontaneous
Eiission {A.S,E.) puwer incident prior to the wmain drive puise,
[n ourder tu mouel non-1ucal LHPFR cundgitivns, ¢ng Lo
prearct damage thresholds Lu cryogenic turgels, we Moasyl'od
Taser power voupling ettt ency Lo cryugentc Largels al vdc nm
anu oo i wave lengtns, Toe Largets tustod were ul 1illey odre
qrdso wtte pulymer couted turaspneres, b targels were
catiw boned belween Lwo 99 i torivar P by wnloh were muunleu
cnopper washer wnsenaly werbon tacyliialed rapig any
accarate targel placement anside the saip v cells Tne o oang
coabings were drposiled Gy o piasmd poodyheriZzatiun prugessy,

Cdewanl Largel parvameters are bisted wn o javule 1,

il
Pat gt lu Ui olass snedl Polymer Shell Fibi
pin e L Ml
o fal.d loiLu ) lo.y LF JI big /g
() ldd, ¢ I3 5.4 utie vio-
DR U0, b <o v ¢Y./4 LH ul v
Wi oLy 14,4 [, 0 d fq. 1 LF u!l U

welhow 0t Medsurement

The targets tusted were enclosed 1n g copper cell dattacnes

tu tie cold tanger of a Helitran refrigeratur snown in Fig, |,

This copper sample coll providged a highly isotropic tuermal
envirgnment, Therwal contdact between the tdryet and the sample
cell was maintained via helium exchange yas. The degree of
tnermal coupling cuuld be cuntrolled py varying the exchange

yds pressure, when gperating in the molecular bombardment



regime {i.e, molecular mean tree path comparadie to target
dimension). At higher exchanyge gas pressures (lypically
greater than 1U00 pm Hg) transport occurs in the therwal
conduction regime, o this regime the thermal cunductivity 1s
independent of the yas pressure and is svlely o tunction ot gas

Lemperature.  For helium ggs tne thermal conductivily 1S given

Ly

b V. 06/

K(T) = S$.34x10™" 1 walls/cm-x
valid over Lhe Lemperature range 4K Lo Juin.

gptieal access Lu the Laryel was Liruuyh neal dbserbing
wingows tn the sample cell dny Surrounding vecuul Chgmoer., ing
vptical systen tor visual vuscervallon vt ibhe Larygel aud
TlroducLioh ut tne neating laser deai iy Jdlayrawimed tn
Fig. ¢o Ine nealing daser bs ancident o Loe tdryel Luryugh
Loc wicruscope objuetive thul 15 used Lu dmaye the turgel, and
1S lucused prigr Lo redeniing Lne targel.  Ine gitverging leser
beam is incCident 1n g spuerictl patch on the target as
Glayrammed in big. 3. wWith Lnis tocuSing urvangement all of
Lhe neating laser puwer wnicen enters the sample cell is
ynordent on the Larget,  However only a traction of this

jncident laser cnergy vs absorbed by and hedatS ine target.

Under sleady state conditions the laser puwer absurbed equals

Tl Luadal b eai acac T IR URLWCEN CHE Cat ol ul Suie UK

¢levated temperature dand Lhe champer at a known cunirolied
Lewperature. It tuere is surticient helium exchange gas in the
cell to be in the tunermal couduction regime tnen the heat tlow
(assuming sphericdl symmetry and chamber gimensions--ldrye

cumpared to the taryet sphere) is given iu wdatls by



1.682

Ttarget‘

=z (o
whete RS is the external radius of the turget in cm, Iwa\\
1s Lhe cnamber wall temperalure ang Ttdrgct s the target
temperdature,  Tu ubtain g reproducivle and ruentifravle Laryet
tempergtlure fixed puint, Lhe nedler laser power was bncremented
a1l tne pl tuel solid=T1guia pndse transilivi was ubscerved
Tuplying a taryel tewperdlure ot Ty,bk. The cunduction regline
neal tlaw "G 1 cdlealdled i cumpared wilno Lie Miedseleg
v tdenl nealing baser puwer tegulred Lo produce Uhie piiase
Cidhge wen gperating it the oenuebion togiee, e oh-largel
Foser poser required Lo et tne fuel as o tuncliot ut Ung
Mol law eaclaliye gds pressute Iy SHowWh 1t byares de abid iy tyr
Cargel BELd,  an Fyquies da aitg 40 we Bave ddatg ter ao0 hin mr
ton tma 032 nw He=he neabing laser VHlumination respectively,
with Lwo ditferent sample codl temperatures tour edch wavelength
sel. The asymptolic gpprueen tu some puwer level ol nigher
pressures indicdates conduclivn regime operalion,

He lluiie exthonge gyds prussures were wedsured witn o
Byarolrun pressure mot1tor, uig g thermomolecdlar ettect
LoPreetiun was carvieu oul fuv edCh pressure reading using a
cumpater generated svlution or the Weper-Scnmigl

uquutluu.(tj The neating laser fluence uu larget is

determines by measuring the power of a fracttun of the vean

diverted off to 4 power meter and applyiny ai experimentally
determined correclion factor to account tur Jusses in the
optical ¢nain, Sawple cell temperature was uweasured using a

caliorated silicon diode thermometer accurate to 0.1K,
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Resulty

Tne couphing efticiency is determined from this asywplotic
power Jevel anu the calculateo conduction beat flow, tor
taryets with fow coupling etticiency, there wds Insufricient
ticident laser power to melt tne fuel woen vperating in Lne
eachanye gas conduct:on regime,  Since we tave not evdluateg
the heat tlow o toe molecular bumbarament regime we Jdid not
determine absulute baser power Coupliig etticienctes for Lnese
Largels,  However, tone relalive nedating cfiicienty vt o«qoo nm
and osc b wave lengtn luinabion 15 deieraingdule Oy cumpar iy
puwer devels ot w particuter pressure setting,

Ine vare glass targel sty gisplayed low coupling tor votn
dou dnu 0SS . Cowpat Iaai of dutd Ldhen arin saiple celld
Lemperatares ot Do odn ang f707n andivale Lial Lie ne-ne faser
bryne (pod nwd by dboul wU-7ua gy eftective 10 productng tdryed
fealing 1 Dare yiasy as Ui oo mm Ar 1on Taser lignt,  witn g
ol b Ltermperature of Tdadh ans with 50 pe sy ot oae i
cxuiange gas Ehe poser incident required Lo w2 ll tne Tael s

o and Toou wd ter se=he oang Arodon viiydngtion
vespectively,  We estimate tne coupling erticiency of dodnm
Lignt tur this taryet to be less than 1.k,

Coupling chiaviencies tor the €F ang I pulymer cuated

1y

teagenntderadly baroey than taotopptaines for the o

vare ylass target. For tarqet BFI3 (2U./4 wm of CH) data was
vutdined at Y./h and FLOKL with 2000 wm of exchanye gas at
Y./h, tne 480 nm laser power required to welt the tuel wds

Lol ww, Wien coupdred tu the calculdated neat flow ot 4o uw,

this gives o absolute coupling efficiency of 13.2%. wWith



JUU pn ot excndnge gas we obtained 3.4 mW and U.47 mk power
levels for He-Ne anu Ar ion laser light respectively giving a
relative coupling efficiency of 13,8% eng a derived avsolute
coupling efficiency tur the He-Ne illumination or 1.64.
Stmvlar resuits were outained wilth a cell temperature of 11.1K
vitn an absolute coupling etticiency tour ar qun thiuminatien ol
1U.94 and & derived cbsolute coupling etticiency tur he-fe ot
| dk.

Fpe behevior ot tne CF toaled tarygels Bro ond BEI4 nay
stiler Lu tnat vbidinea tur the Lh targets with blue bignt
Healing vtiiciency deing Suwstantially niyner tugn tnatl
eblained tor red lignt,  For targel BFo (Io.o pm LE) witn
chamuer temperature ot Floin g exchiange yas pressure ot
Ul i, LG m OF ded B sy 1on pewer wes required to melt
tne tall which when cumpdred Ly the calculateu neat tlyw ot
ol mk gives an wosolute toupling efficiency of 18, 3%,
Hesulls ootdained ab 20U um tndicete power levels required Lo
mell tne tuel ot ¢ 1 wW and /8 mW for bs? ni He-Ne and 458 nm
sl dun tilumingtion respectively., we arraive dat a derived
dbsulule coupling etticiency tor 632 nm illumination ot <£.4%,
with targel BF1d ot Y.9K anu il.05K 488 nm Ar don coupling
ctticiency is lb.Ys and £1.9% respectively. Dleriveo cuupling
‘Q1}fcieﬁe; ruf'ojt nii he-Ne 1|ﬁﬁmiﬁatfon are l.o% ana 1.58%
ovlained at 9.9 ang |l,05K respectively.

We believe the largest suvurce of medsurement error to ue
due to variability in the fucusing and alignment of tne heating
laser Leam with respect to the target., Swall shifts in these

parameters could act to alter the amount of target material



present in the beam path, A secondary etfect of off axis
alignment is increasec reflection loss for large angles of
incidence petween tne tdrgel surtace norwmal <ng the dean.

An implicit assumption in tne analysis ot tnis experiment
is tue uniturmity vt larget lemperdture. wiln ihe nonunitorn
Reating geometry empivyed one expects that some varialivi of
steauy statu temperdture across the taryel would pve present,
However tne expected temperature range is tnuuyht to ue small
(less tnan JIK) dnd probably net signiticant. The suurces ot
errur listed could be largely rectities by utilizing a uniform
intensity hedting laser beam wnich would minlailze g cbtects
ul vedin misdlignmenl.  luplementation ot tnese measures was
precivged due Lo uvallavle taser puwer anu sdmple cell uplicel
dieess hnitations.

Lunt lusions

Ihe utility of ldser bedm heating ot pulymer cualea ang
bure ulass eryugenio [Lb tdryets nas been evaludied tor lignt
ol vl mm and 480 ni wave lengtns,  For all targets the coupling
etticiency was bigher tur olue lignt tnan tyr red lignt,
maryinally so tor bare glass and significantly so for polymer
cuated tdrgets, tiis nigher absorption efriciency for olue

lignt, while appearing to be advantageous tor LHPFR

Capp irCalianis, Wy T Tardel Create proplems, e majorify ot "tne

bfue Pignt absorplion and neating will occur in tne polymer
layer witn the strony possibility of damage Leing incurrea due
tu tnermal expansion, This may indicate a greater liklihood of
taryet damaege arising from ASE irraciation for driver lasers

vperating in tne green or blue,

— i —



The technigue described for measuring coupling efficiency
may, with improvements cites, ve applicavle to accurately
measuring optical avsurption coefficients at cryogenic
temperatures of weacly avsoruing transparent materials, Une
could conceivably utilize data such as tnal presented in Figure
du Lo Investiydte eryogenic thermal transport properties of
ydseous neltum tor swall scale lengths.

we wish tu yratetully cosnowlegge oro Scolt L. Bass,
Gniled Sltales MUlitary ACeden, whu assisted Uh experimental

setup did Udata Laninng,
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488 nm Laser power incident {(mwW)

632 nm Laser power incident {mw)
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