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Ultrahigh-brightness XeCl laser system

R. B. Gibson, T. R. Gosnell, C. S. Lester, J. P. Roberts,

C. R. Tallman, and A. J. Taylor

Los Alamos National Laboratory

MS E543, Los Alamos, New Mexico 87545

A laser system that produces terawatt-level pulse~ of 308-nm light with near-

diffraction-limited beam quality is under development. Pulses of 175-fs duration

arl> generated at 616 nm in a synchronously-pumped mode-locked dye oscillator.

Tht’su pulses are amplified in a three-stage dye amplifier longitudinally pumped

by the frequency-doubled output of a regenerative Nd:YAG amplifier. Output of

thu dyu amplifier is frequency-doubled in a BIIO crystal and amplified in n chnin

of .X(ICI excimcr stages. The optical design maintains high beam quulity

throu~;hout.
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train, Individual oscillator pulses are amplified in a three-stage dye amplifier.

Pump power for all dye gain stages is supplied by doubled Nd:YAG. The 616-nm

output is then frequency-doubled in a BBO crystal.

The first XeCl amplifier is a small aperture, commercial device. The second is an

x–ray preionized 10 x 10-cm-aperture discharge-pumped system operating at 1 Hz..

(lutput from this stage will be focused using reflecting optics.

2. 616-NM ~XLMTQR-AMUIUEB
.

The ultrashort pulse visible oscillator-amplifier s:ystim is depicted in Figure 1,

‘1’t]~’system produces 200 pJ pulses at 616 nm with nominally 190-fs duration II IS

d~’scribed in more detail in Reference 14.

‘1’h[>linear cavity dye oscillator employs separate gain and absorber jets ~nd a ~)]ir

()(’dispersion compensating prisms Rhodamine 590 and 1)01)(~1, respcctivc]y, i’r.’

tt]~l g:]in and saturable absorber dyes. Both are dissolved in ethylene glycol, I>unll)

]Jt)ul’r is 900” mW of 532 nm light s~pplied by the frequency-doubled output of nn

;I(livt,lv r-tlodc~-]ockcid cw Nd:YA(l oscillator, a (;ohcrent Antares 70-s, Rcpctitiorl

r:~t~’ is H2 hl}lz, Tlw oscillator Iascs at 628 nm without thi~ birefrin~y’nt filter, 1)1”,

;Illd ~)roduc[Is pulsrs as short as 7[) fs. A single-platx birefring~’nt filter tunes t}l(’

(),~(ill;~t()r to 616 nm output pu]sewidth (detcrrnircd by uut.ocorrclnt. ion ~IId

;l+.<l]l]lp~i{~ll of s(~cl]’~pu1.sL~ s}I:I~}(I) is ]7,5 i 10 fs. LSpL)ct.r;il width is, 3.9 nm, indi~ilill)l:

;1 ~)111::’ 1(’ss [.11:!1120?: broad(’r i.l~nn the transform ]in]it. (;ont,inuous pow[Ir out~)t](

1> ]()() IIIW. ‘l’}lis ~orr{~sv)rlds t,o ] .2 n,J ~~’r pu]s(’ [ind iI p[’nk pow(’r of 7 kW.



rcjcctod by W without amplification. M 1, M2, iind apcrtum A form a self-ftlt.wing

unst.nblc rcsonntor cavity. 16 M 1 and M2 have foal Irngths of 25 and 200 cm,

rcwpoctivcly, nnd A (0.7 mm diameter) is Iocatad at their cwmmon focus, 1>1 nnd 1}2

nre thin film dioloctric polurizm=s. The maximum energy rxtractnblc from this

nmplifirr in Iimitud by the optical damage thrmhold of the hckcl~ cell. Four round

trips product’ HO* !5 nd in thi~ application. Thi~ output is then froquwwy ciouhlud

in u 1!i row-long KD*I> crystal t.o pmduco 40 n~,J of 532 nm light to pump tlw dyu

nmpliii~~r.

Thr dyr ~implifior consists oft wo flowing gnin COIISIongitudimdly pumpwi for

il]ilxiInun~ guin :lnifnrnlity nnd hc’nco minimum spntinl distortion in the :~mplifilvl

pulsl~. I{hodmnim’ (W) dimolvl’d in mrthnnol i~ thr guin nwdium. ‘1’hv first WI I is

puIn~Md fmm both i’nds by small fructions of thu 532 nm punlp puhw ( if,? tn t]w

input ond nnd 4% tho output imd 1. Thr romuining !15’4 of thr 532-Iml mwrgy puml)s

Ihr wwnnd dy cull whirh umplifiu~ thu pulw to thr 200-p,J Iiwwl. ‘1’ntnl unlpli!h’[1

sponi illl[~ou~ emission (A-SE I nmwmpnnying tho output pulsl’ is < !ioo” nJ.

~\lll[)corrl’llllioI]” of t.hu output pLIhw indknlri! u pulsrwidth of’ 1!)(1 ! ]!i fk. ‘~’his s]ig]~l

Ilw]porul hromirning is Iwlilwwi duv to Nf-phmw modulation in t tw dv(~. Pinholl)

I r:ulsnlission 111~’;isilr{’11][’1]1s iflflirillr I hc hum diumi’tcr lit fh(mu~ ih I 4 tin]l’s

Ilifl.riiL’t on-linlilcdm

.
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section is supplied by a th>Tatron-switched capacitor- discharge system with a two-

stagc magnetic pulse compressor to reduce the pumping time to about 60 nscc

FWHM, The amplifier is designed to fire at a sustained repetition rati of 1 “Hz.

Hence it includes a transverse gas flow and gasi cooling system. Wavefmnt

distortion across 80’% of the aperture is measured at less than U20 at 632.8 nm in

flowing unpumped gas Gas clearing tit,ie after a Bhot is 800 m~, permitting

f“rrsh ,cold gas ta be used for each shot.

Thr amplifier was m-iginally operated with a He diluent at a total pressure of

11()() Torr. Bettm gain uniformity has been achieved using a N? diluent and a total

p] l’ssurc of 1700 Torr. Pump rate is presently about 100 kW cm”~. Small-signal

~!:lin in each pass of the amplifier measures 4.6 on the centerline and falls by about

‘2~v”int the top and bottom of the discharge. Gain is constant to within f 10(~ ncross

[ t](’ upurturc’ bctwccn cathode and anode. Opt.imizatioll of gtis mix and prcssuru,

~Jr(’i[}liization, and pulse power circuitry is underway to increase the gain to

lIi IIivi’(”n 5.() and 6.0 across the entire aperture.

lll~ti:il amplification experiments with an ultrashort pulse from the low ICWIL’I

-t ;Ig{’.sproduced total output energies of order 80 mJ. This is cxpcctad to incr(’iusl’

:IS pUIIIP r:]t~l and giiin arc incr~”ascd across the aperture.



An ultrahigh-brightness laser system based of XeCl isncanng compaction.

I’UISCS of< 200 fs duration have been generated and ampli!icd at 616 nm,

frequency-douhlud, and amplified by two XeCl amplifiers. The 100 cmz aperture

fin,s] amplifier is being optimized. No significant temporal broadening has yet lxIII1)

ohw’med in the systcm. Beam quality is maintained near diffraction limit. This

svstt’n~, operating at 1 Hz, promises to provide focal spot in~nsities significantly

grt’utcr thi]r~ 101~ W cm-~ for laser-matter interaction studies.

‘1’t)t’:iuthors acknowledge with tippreciation the assistance of S. E. H;irp~’r in tt~is

work ;I]ld insightful discussions with N. A. Kumit, 1. J. Bi@o, W’. H. I.ong, nnd

oltlt”rs.‘I”t]is work is purforrrwd under thr nuspicos of thu lJ.S. lkpiirtn~(tl)[ ()!’

l“:ll(”r~::”.
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