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mSITX-ray StmSiesfor to ]P.n',ped X-ray
Lasms

S.K Elliott,P.Beiersdorfer,and J.Nilsen

Lawrence LivermoreNationalLaboratory
Liverrnore_CA 94550

l_zodlucliatSeveralpumping mechanisms havebeen suggestedforx-raylasers
includingcdlisionale_dtation,recombination,photo-ionizationand photo-
pumping [I].The suocessofphoto-pumpingasan x-raylaserscheme hingeson
sufficientoverlapoftheemissionand absorptionlinesForsucha scheme to

exhibitgain,thedifferenceoftheenergiesofthetwo linesmust be withintheline
widthsdeterminedby theplasma dynamics,suchasDopplerand opadty
broadening.Typically,an overlapofa few partsinI04isrequired.Due to
correlationeffects,high-nlevelsofmulti-electronionsaredifficulttocalculate

and arereliabletoroughlya partin103.Thesedifferencesarelargeenough to
precludeaccuratepredictionsofsuccessfuloverlaps.As a result,precise
measurementsoftheoverlapsareneeded.The continuedinterestinphoto-
pumping schemesliesinitspotentialtoimprovethelaseroutput.Italsoallc_s
thee_citationoflasingtransitionsnotaccessibletoothermechanisms and thusto
testlaserkineticsfrcxna differentperspectiveF̀igureI shc_s an example ofa

photo-pumped x-raylaserscheme.
We have studiedseveralsuchphoto-pumpingschemesatthe LLNL

electronbeam ion trap(EBIT)[2].The Ni-likeisoelectronicsequence3d-Sfand 3d-
6ftransitionswere studiedforphoto-pumpingby He-likeions,theNe-like2p-4d
transitionswere studiedforphoto-pumpingby Ni-like3d-4ftransitions,and Ni-

like3ds/2-6fT/2transitions,werestudiedforphoto-pumpingby H-likeLy-_
transitionsA number ofotherchancecoinddencepairswhich do not fcilc_an
isoelectronicsequencewere alsostudied.The datawere takenwith a fiat-crystal
vacuum spectrometer[3],a fiat-crystalheliumatmospherespectrometer,or a

curved-crystalspectrometerinthevon Hamos geffnetry[4].
The advantageofEBIT overlaser-producedortokamak plasmasforsuch

experimentsisitsabilitytocontrolthechargebalanceand theexaltationproces_
By choosingtheel_on beam energy,we can selecta dominantchargestateIn

particular,by operatingbelow variousionizationpotentials,thecontributionsof
variouschargestatestoa spectrumcanbe deduced.Moreover,blendswith
satellitelinesproduced by dielectronicreccxnbinationcanbe avoidedby proper
choiceofthebeam energy.Thus,wavelengthmeasurementsareunambiguous,

reliable, and precise. .

Ni4ilkeions _ 1_ likeions We have investigateda particularclassof

schemeswhereby a 2pi/2-4c13/2transitionina Ne-likeionofatomicnumber Z is

photo-pumped by a 3ds/2-4fT/2transitionina correspondingNi-likeionof
- atomicnumber (2Z+ 5)[5].Thesepotentialresonancesliealongan isoelectronic

sequenc_Thereforewe measured a number ofthetransitionsalongthesequence

tosearchforgood overlapcandidates.The theoreticalpredictionsoftheenergies
ofthesetransitions,based on a multi-configurationDirac-Fcc.kcalculationusing



thecodeofGrantetal.[6],were found tobe offsetby 1.88eV from themeasured

values.By having_ed a familyofthesetransitions,thedeterminedoffset
improvesfuturepredictivepower.

A similarclassofschemesexistswhere the2pl/2-4d3/2transitionina Ne-
likeionofatomicnumber Z isphoto-pumped by the3d3/2-4f5/2transitionina

_onding Ni-likeionofatomicnumber (2Z+ 4).Heretheoffsetwas
determinedtobe Z86 eV and a favorableresonancewas identifiedwith Ne-like

Rb pumped by Ni-likePtat2512eV.The energydifferencewas found tobe 0.4+_
0.1eV or160ppm.

_e ionsImm]p Ni-l_e ions Thisclassofschemesalsofollowsan
isoelectronicsequence The He-like21PI-11S0transitionmay pump a 3d-6for3d-
5ftransitionina Ni-likeion.Which transitiondependsupon theionpairin

question.Forthisdatawe alsomeasured an offsetbetweentheoryand
experimentfortheNi-liketransitionsand found thatthe3ds/2-6fT/2transition
differedfrom theoryby 1.60eV,the3d3/2-6fs/2transitiondiffersfrom theoryby

2.01eV,the3ds/2-5fT/2transitiondiffersby 1.06eV,and the3d3/2-5fs/2transition
differsby 1.29eV[7].The most favorableoverlapwas found fortheHe-likeF
21P1-11S0transitionpumping the Ni-likeAg 3d3/2-61_12transition.The two lines

differby 190ppm at738 el/.

I-I-h'Ikeions]pump Ne-Hlkeand[Ni-likeions The collectionofpossiblelasant-
pump pairsinthisgroup do notfollowan isoelectronicsequencebut arechance
cc_nddencesbetweentheH-likeLy-_lineand varioustransitionsina number of
Ne-likeions,The pairswe have studiedtodateareNe and Fe[8],Na and Co [9],
and Mg and Ge [10].The H-likeNe Ly-aand 2pl/2-4d3/2Ne-likeFetransitions
differby 600ppm at1022_V,the H-likeLy-_Na and 2Sl/2-4p312Ne-likeCo
transitionsdifferby 100ppm at1237el/,and theH-likeLy-aMg and 2Sl/2-3pl/2
Ne-likeGe transitionsdifferby 340ppm at1472eV.Figure2 shows an example

ofthespectraofNa and CO elucidatingtheoverlap.
A measurement was alsodone on theH-likeAI and Ni-likeErpair.The

H-likeAI Ly-aand 3da/2-4f5/2Ni-likeErtransitionsdifferby 1000ppm at1726
eV [11].

An additionalClassofLy-_pumped schemesusesa H-likeionofatomic
number Z and the3ds/2-6fT12Ni-liketransitioninionsofatomicnumber
(3Z+ 21)[12].The bestcandidatewas determinedtobe H-likeCa pumping Ni-

likeTI.The Ca Ly-_and Ni-like TI3ds/2-6fT/2transitionsdifferby 260ppm at
4108eV.

I-le-h'Ikeions][3uu_Ne-liilkeions Thiscollectionofpossiblelasant-pumppairs

doesnotfollowan isoelectronicsequence The pairswe havestudiedtodate
includeAr and Y [131and Mg and Cu [81.The He-likeAr 21PI-11S0and Ne-likeY

3pl/2-5d3/2transitionsdifferby 150ppm at3140eV and theHe-likeMg 23PI-
11S0and Ne-likeCu 2p3/2-4d5/2transitionsdifferby 200pprnat1343eV. Figure
3 shows an exampleofthespectraofMg and Cu.



. C.mcltmion Several _ the above pairs are good candidates for photo-pumping.
Fore_ample,iftheappropriateplasma oonditionscouldbe prepared,thePt-Rb
scheme describedabove would laseon a transitionofab_t 165 A. The Ar-Y

scheme would laseon a transitionnear155 A, and theMg-Cu scheme would lase
near235 2L

J_lkno_ed_ This work was performed under the auspices of the U. S.
department cf Energy by Lawrence Livermore National Laboratory under
contractW-7405-Eng-48.
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Figures1:Leveldiagramsdemonstratinganexan'q31elaserscheme Transition
ratesareindicatedyRand areinunitsofpse_l.Thebaro_,erthe3d indicatesa

vacancyinthedosedM shell.
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Figure2:The siws:lraof Hqike Na and Ne-likeCo elucidatingthepotential
overlap.
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Rgure 3:The spedTa ofHe-likeMg and Ne-likeCu eluddatingthepotential
overlap.
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