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Hi h efilciency resonance ionization mass spectrmmetric
7ana ysis by external laser cavity enhancement techniques

S. G. Johnson. E. L. Rios. C. M. Miller imd D. L. Fra.my
Isotope Gmchernistry GIoup

Los Alarnos National Laboratory. Los .Mamos. Xcw X1exico S7345

ABSTRACT

The demand JOmeasure hi h dynamic range isotope ratios on small sanq)lca with rlwonnni.1’
;onizntion mass s

OclP
itromctry (RI 1S ) continues to increase This pa

r
cliscussm high i(miz:lt i(]ll

Cffic: ~.y meth which can be ap lied to continuous wave (cw )
t?

lMS to potcnriillly adlia’vl~
SCVC;. ~ O; cwrceu ionization e lcirncirs for ccrt Bin Aemcnts. The primary tcchniqlw 1111(It’r
dcvclt .prncnt to achicvr this is M external laser cavity which can gcnmntr vmy high cirlnlhlt illc
hwr powrrs.

1. INTRODUCTION

The ubility 11J mcaaure lmrgc isotope ratios for nwc isotopes with mnull samplm C,UJIiulwls
to incmase ‘‘3 Ilrscmance Icmizat ion hfam Spect romctry (RIMS ) iu onc method Ix ing wq durd
for this-pu&se. The major problem which has limitml the accomplishment of this tu,k hns Imwn
thc achicveunt of high overall ionization eflicicncy simultancowdy with good sample ut iliznt iml.

IUMS is a technique in which laser~ are USA to selectively excite IA Awqucntly il]il!zl’
m atom fond by n mnsm spetromcter for mnatt morting and dctmt ion. l’lw ioniznt ion ~mm”w
mny be siccmnp]iuhed in one or more stepo, wit !1 n photnn causing oarh Utq> of thr I)uw1*>-.
The number of st~ps is drpendrnt upon the wavelength of the lasers utilized and tIw i~’l~i~illNm
potrmtinl of t}w atom in qmwtion. If morr thnn onc photon is uned for the ionization, ritkr IWIl
or virtil~ 14LW(Wnlay b act-cwmd n,s inttvrncdiat~ nt~t(w. ThCSRIMS tmhni IM t:lkm ndwilit;lwI
IJf dlC fart thtit f.’vpry P]{!lllrllt bl a llllk{W” !KSt of ~tOm~C trlUISitiOllF1. 1Thrm um. whmi il l:wr is
tuncd to n put idar rmo:mnl tranuit ion of an dcnwnt of intm-mt At tins m:nplrtc MSlrI ivi f!. i~
{J~[~Ild mwr oth(’r dcmrnts, hl addition, inotopm of t}m l,- mf! chqncnt haw’ diffrmlf is-d IqM’
!41ilftHnrd linr ~tructurr. thlm potentially providing an [wMitiwml lrvd of selectivity.



for RIMS has been aw-dabk laser power. \Vhile there is normally sufficient intcnsity a\ililillJk ro

sat ura:c the resonant transition. the eflicient romot ion of the excited atoms above the kll:ziit ion

rpotential remains difficult due to the relative Y low ionization cross sections.

The primary objective discussed in this paper is the development of a versatile and ~-ialJk

analytical method capable of large dynamic range ratio measurements on sub-nanogram smnplcI:s.
\Yc propose to accomplish t!lis through the development of high ionization effickncy tcclutiqlli +
such as an external cavity. High d~narnic range mcasu.rements ( ~ 1:103 j have Lecn dcm.onst riit (v’:
prcwiously with cw RIMS. primady through its high duty cycle and power stability wxsus lJlll~I{l
sourcrs. n‘4 ~~c have tdso demonstrated that a secondary. non-resonant km cm suh ii]]riiIlly
incrcaw ionization to }“icld c%icioncks of -O. l% in lutetium 5. Thr process of Im-mmting illl iIroIIl

from the excited state to an ion is com!ucitw to the npplictitirm of a powerf~:~ l;wvr S!WIIm t11(I
argon ion since thc ionization cross is t~pically very small. and thus not su~ccptlldc to Silt Ilrilt if)!]
Hmw-wrr. furtb”r large increcws in ionization efficwncy using morr powrrful hlsrrs is not [t’!lillJ]l”

since such commercial lasers arc currcm ly unavailable.

Our prirnwy effort hns centcrd on ~~ incrcasin.g signal levels throug}l an uxt mn:l!
ca rity tcchn.iquc, This method haa the pot cntial to achieve overall ionization efficicnr.ics of r(WS
of percent for several elements ~specifically Th). Such a technique is expected to easily yit’lfl :1
100- folcl incrwuw in coherent circulatin.q ker power. This paper will fucus on ccrtnin t!l(~(m’tit-ill
and mcprritnental aspects of such a systmn. as well as some of our most recent rwmlts,

2. EXPERIMENTAL

Our general cw RIMS cxpmirncnttd set-u has ken described reviously.6 Sprrifiriil]y. t11(.
cxter d cnvity RIMS set-up consists of an Ar1’ cl’l=r-plUTIped Stan ing whVc d~c kcr (XJI1l)I(’(1

iuto an external laser cavity cr.mstrutted around the source region of a 90° single rnagnct ic SCCI~)r
mass spect rorneter (see F; ure 1). Our external cavity prototype consists of a 98% reflect iI:Pi111)1It

‘1mmplrr mirror, n +100% Iigh reflector, a phriztit ion sdcctivc ckmcnt rr.rd rin nrtivc-frc(llmrk
stubilizat ion sy!dcrn. The ra~.ity optics curreutly in uscare coated for 452 IMn~~ht, nppliriddr t()

llltctium, with the next srt of optirs Ychccluled fur testing being those npproprmtc for thorillln.
our current configumt ion ctmsists of nn iuput coupler and a high reflector cinch with n 30 ml
rndii of n.mature with a cavity Icngth of 50 cm, (i. c. a c~llf~d cavity), @tiCS With (Jthl’r

mdii of curmturr and other cavity lengths have been successfully tcstml in our laboratory, TIM*
stabilization schcmc consists of u high IT!h’Ct(Jr mirror driven by a pitzm-elect ric fitack wham’ tIriw’
WJILa#? is mcratrd fr(JllA m error signtd derived from the polarization C@xmdcnt rh!mcnt i7 TIN’

fpdrposr o the stnbiliz~tion circuits is to maintnin Mphase matckd condition within t]irmvify

such thut thr external cnvity has m~imurn build-up or gnin (i. e., thv length is nQA/2)m

3, BASIC PRINCIPALS



W hput
Laser %wer

100% Ref’sctive

PZT

Fi . 1. Maw spctrometm mourceand external lW cavity confi uration to be usrtl

It !in IMS cxperiruents. \Vith mirror reflectiviticu hum. n Wfc d circ~!ating las.rr
power incre~ otter the input l= power is calculatml,

of dlat *aping, It broom- clear that thimexternr Iaem cavity will buiid up intwml circulntinu
power to w high ~ lCVCIS.Im~mt reflectirA surfamm and des~ructi~w interfcremw rcdlw~.
mtual pmfomlance. The former cnn k optimi J by - ha~uty optical coatings: tlw Ii,ttt,r
nrquirm the active phase wmitiw locking syBtem disc WY%

In Aliti[m, WVelal other fnr?ors must lx ccmtrolkd rmd optimized. Thw inrlldr ILr
ravity kngth. mule rnatchirq. and barn Wniots.0 Importantly. the cq.mbility :U wiry brRIII WIU*:’
allow thr oIJf inuzat ion of Lhr ravit y gtin with tlw htom mmmir fur maximum owrl~p mm! thlL~
+irirnr y.

4. RESULTS



Iye are currently te~ting tkc actively stabilized configuration of the cavity. It lms l-wrn
shown in bench top experiments that the PZT motion is intimately involved in the nim 111

faddition. the importance of mode matching and variable ●xternal cavity benm waists ms bwu
verified, Complete ~tivcly stabili~ operation of theexternal cavity has not. ret been nchk C(1.
but we antici te this in the immediate future. In an active feedback stabihzation set-up. wc

%’expect to be a k to match or excd the peak enhancement factor already observed, npprcmching
the thmxctical value for th~ set of optics wc are cument ly using, of n 50 fold incrmsc omr tlNI

input bier powmr.

5. DISCUSSION

The potential for a two order of magnitude (or more) gain in the circulating lnsm Pom’r
nnd the corrqxmding increase in ionization efficiency make the external laser cavity uplmm%
to RIMS cxtt-emelv attractive. Figure 2 shows thcorctical modeling cnlculat ions (sin]ili~r tt) n’f,
11)of the dative kIMS signal enhancement (ionization eflicknc “) under vnrious condit ious. Tl](I
plots dmw the dc mndence of relatitw ionization ~ciency as a

$1
L ction of iaser beam dimnvt~’r.

The lower curve uws this &pendence for a single dye laser with 2(M mW of powr. Tlw 01hm
thmc cum- indicate conditions where a 50-fold gain external cavi~y is utilized for hot h/1’irlL(sr
the dye laser and/or argon ion laser.

Amplification of a si
Y

le laser should lead directly to a ~GO-fold imprmmment in tIN*i(m-
iznt ion efficiency. Figure 3 s mm a cdculationd comparistm of the sample utiliznt iou wit h mu!
without the bene9t of an extcrnd cavity.
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Fkom these calculations, the promising results with our unstabilized external cavity rml
wit h our current ionization efficiency of z1% for Th using simple cw RIMS 12 — the ut ili.mt ion
of the external cavi~y could potentially lead to overall ionization efficiencies for Th of several
tens of wrc~. This increased efficiency should allow for sub-nanogram isotopic ratio analyses
of thorium at the 5:106 level (2a0Th:2J2Th ) which are critical for internal isochron mcasurcmcnts
import ant for geochrondogy. 12

.4s we have noted, a second laser, such as an Ar+ ion laser, can also bc usml fur Ihr
ionization step .s This second laser can also be amplified via snot her exterc al cavity, which t11(m
ZLI1OWSfor even greater increases in the the volume of atoms addressed and hcnm. ioniz:lt itm
efficiency, Such increases could lead to ionization efficiencies 22 orders of magnitude (scc Fig. 2 ~
greater than available from single-pass dyc configurations. As circulating laser pcnvcrs mnt imw to

increase. saturation conditions will &come important; howewx, this is not necessarily a limit il t if III

because the Iascr beam diameter can be increased. Obviously. there will ‘be some opt imm
coxnbinat ion of laser power and beam diameter.
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Fig. 3. Ionization ctdculation uhuwing the comparison in ionization volume both
without ~d with the operation of the external cavity, The x-chrection is across the
sample filarmmt (cross-section of laser beam) and the z-direction iu along the activr
Irngth of the filament (along the hser beam).

6. SUMMARY

Thcorcticnl calculations and prAintinary data hnve been xesentcd thnt dcmcw -mtc tlmt

ith utilimt.ion of nn external laser cavity to boost the circulating ascr power lmds to sili)d nntinlly
inmmmd ionization d!icicncies for cw RIMS, An nvcragr gnin of ~20-fold mid nn iIIStilIitilll(’oils

gnin of 46-f&l hmw kn ohserwwl. A sin factor (tf 100 h cxpr!rted for a fired [mnllfig!iri]tit)ll
utilixiu n W% rdkctivr input mupler.

?
fncor M3rnti(m of the extcrnnl chvity tm-hniqur iIII.() cw

1RIXIS s muld Iwul to ionization efficicncim m ~igh nH~cns of prrcrnt for rertnin rlruwnts. m
will lnrgdy )(VUOWprc.sent Iim!tntiuns of cw In,scrs for RIMS rcmnrch iul(l nnnly~i~.



7. . ACKNOWLEDGMENTS

This research was supported by the U.S. Department of Energy under contmct l\”-’i405-
EXG-36. Special thanks go t.o Jim Bergquist of XIST-Boulder for iu-depth discussions :ud
assistance in the development of our external cavity.

8. REFERENCES

1.

9-.

3.

4.

5.

G.

i.

8.

9.
10.
11,
12.

J. D. Blum, M. J. Pcllin, W. F. Calaway, C. E. Young, D. M. Grucn, L D. Hutclmm. ;Ill(l
G. J. lVasserburg, ‘bIbsonance Ionization Mass Spectrometry of Sput tercd osmi~un illl(l

Rhenium Atoms,’” ~~ ., 62, 2~9.13, 1990.
G. S. Hurst, “Trends in lkonance Ionization spectroscopy,” ~o-oancc I(miz:~t~lm

Iwrtroscom- 1!18& eds. G. S. Hurst and C. G. Morgan, 1-4, Inst. of Physics. Brlstf J.
1!?S7.
C. M. Miller, N. S. Nogar, E. C. Apcl, and S. W. Downey, “Resonance !unizi~t ion J [il~+
Spect rometry at Los Alamos National Lalmratory,” Jtcsonance Ion izutim S1MV.trrwr(nw
~, eds. G. S. Hurst and C. G. Morgan, 103-14, Irlst. of Physics, Bristol. 19S7.
C. M. Miller, R. Engleman Jr.. and R. A. Keller, ‘Resonance-ionization Mass SpKt rmm.t ry
for High-resoluticm, Mass-resolved Spectra of Rare Isotopes,” J. OM. SW. Am. B. X 9 ).
1503-9.1985.
B. L, Fearey, D. C. Parent, R. A. Keller, and C. M. Miller, “Secondary, Non-resonant Clv
Laser Ionization Efficiency Enhancement for Resonance [onization Mass Spectronmt ry...

t~ , E+& T. B. Lucatorto and J. E, Pnrks. 2G3-G.
Inst. of Physics. Bristol, 1989.
B. L. Fearey. C. M. Miller, M. W. Rowe, J. E. Andcr.son, and N. S, No ar. “Pttlw[l Lil~l*r
Rmonance Mass S 1?trometry for Elementally Selective Detection of ead nnd 13ismllt h
Mixtures,” Anal. h, 60, 1786-91, 1988.
T. TV. Hansch and B. Couillaud, “Laser I%equency Stabilization by 1%.hrizat ion Sprr-
troscopy of a Reflecting Reference Cavity,” gnt _ 3S(3), 441-4, 1980.
J. Helmcke. S. A. k, and J. L. Hall, ‘;Dye r S&monwter fm Ultrahigh spmt rd
resolution: Dmign and Performance,” &ml. ODt., 21, 168694, 19S2.
A. Corney, .~5QUU, 355, Oxford univ. Press, Oxford, 1977,
J. C, Berquist, priwtte communication.
C. M. Miller and N, S, Nouar, *’Calculation of Ion Yichlti in Atomic hlultiphoton Ionization
Spectroscopy,” ~&, 55,481-8, 1983.
13.L, Fearey, S, G. Johnson, hi. S. Noga~, M. T. Murmd, nnd C. M. Mil!er, “Tlmrium RIllS
for Geochronobgical ~d Gc4wrnicd Applications,” ~ . tion ~ Ctp)s(:f)I}y

~, in press 1991,


