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MultifiberpolycapillaryopticshavebeenusedibrguidmgandibcusingneutronbeamsbasedonUleprincipleoftotal
eXternalrenection・ArecentdevelopmentmvolvingtheminiatunzationofsuchneutronfocuSmglenseshasproduced

monolithicbundlesoftaperedcapillariesMthhigheriractionalopenareaandsmalleribcalspotsizecomparedtodle

previousgenerationsofdevicescontamngman)'polycapillaryfibers. 'I11ispaperpresentsexperimentalcharacteriZations
oftwomonolithiclensesusmgacoldneutronbeamiromaresearchreactor.
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determinedbygoldfbilactivationanalysis,atthesample

position. Theincidentbeamdivergenceisdetenninedby

measuringthebeamspreadafiera0.5mmslitplacedeither

vemcallyorhorizontally.BymeasudngtheFWHMofthe

beamsizebehindthe slit at twodistances, the filll

divergenceiscalculatedtobeabout 18.6mradinboth
directions.

1.htroduction

MultifIberpolycapillalyopUcsI) havebeenusedfbr
guidingandfbcusingreactor-generatedneutronbeamsto

produceasmallfbcusfbrmaterialanalysis2).Theselenses
consistofthousandsofpolycapillalyfibers;eachfiberhas

parallelchannelsthroughouttheentirelength. Allfibers

arecurvedandfbllowadesignedpatterntocreatean

intensefbcusedbeamonasub-nunspot. Suchlensescan

acceptanincidentbeamwithalargecrosssection, and

haveachievedacurrentdensitygainoftwoordersof

magnitude.However,becausethefiberscontainconstant

diameterchannels,theconcentrationoftheguidedneutron

beamsmustbeaChievedbybendingthefibersfbllowingthe

variousdesignedcurvamres. Thus, theselenseshavea

siglificantpercentageofthespacenotoccupiedbyfibersat

theentrance. Asaresult, thespatialcapmree伍ciencyof

thelensislow. Forexample,aneutronlens3)fbrPrompt
GammaActivaUonAnalysisatNISTuUlizesonlyafew

percentofthetotalincidentbeamfromtheexitofa58Ni-
coatedguideandaBefilteredwhitebeam(average入～

6A).Despitetllelowe伍ciency,thegaininneutroncurrent
densityona0.53mmdiameter(FWIm1)spotis80.Asthe

spatialcapmreeHiciencyis improved､hegainwillbe

pushedevenhigher. TbaddreSsthisissue, researchhas

beenundelwayatX-RayOpticalSyStems, Inc4)tofabricate
anewergenerationoflenseswhicharemonolithic.We

reportpreliminarysmdiesonprotoqpesofnewlenses
examinedwiUlacoldneutronbeam.

3.MonolithicLens

Amonolithiclensisadevicemadewithasinglepieceof

glasscontainingfromthousands tomillionsofsmall

channels thatareparallel at theentranceandtapered
towardacommonaxisattheexit,creatingafbcusat, fbr

example, 20mmfromtheexit. Thelensesunderstudy

haveacrosssectionthat ishexagonal inshape,andthe
flat-to-natdistanceis4and2.5mmattheentranceand

exit,respectively. Tllefi･actionalopenareaisestimatedto

be30%. ThelensesaredesignedandfabricatedbyX-Ray

OpticalSystems, Inc. Inthisexperiment, twolenseshave
beentested(denotedaslens#land#2).

4.TranSmiSSiOnMeaSurementS

Thelensisplacedintheneutronbeampath,andaligned
byrockinginthehorizontalandverticalplanessuchthat

thetransmittedintensityismaximized. Theimagesofthe
transmiliedbeamalongthebeampatharerecordedto
detemlinethefbcaldistance.Theimageiscapturedonan
imagingdetector(VRD－ⅥdeoRadiationDeteclor6)),from
whichthecurrentdensiWgaincanbedetenninedbytaking

theratiooftheneutronbeamintensityatthefbcalposition

withandwithoutthelens.Figurelshowstheimageofthe
fbcusedbeamandtheintensitVdistribution.

2.ExperimentalConditions

Themeasuremelltshavebeenpelfbrmedatthe30MW

HighFluxBeamReactor (I丑？BR)beamlineH9Cat

BrookhavenNationalLaboratoly. H9CisanaturalNi-

coatedneutronguidewithaLN2cooledBefilterviewing

theliquidhydrogencoldsource. Nomonochromator is

installedbefbretheapparams,andtherefbreawhitebeam
O

withanestimatedshort-wavelengthcut-oHatabout4A(as

measuredwithamini-choppers))isuSed.Thebeamsizeis
43mm(V) × 15mm(H),andthecurrent densityis

approximately lxlO8 n/cm2-s (thennal equivalent),

5.DataAnaIVSiSandReSultS

EachneutronbeamimagecollectedusingtheVRD

(pixelsizeof12.5x13.7ILm2)isstoredinafilefbrofline
analysis.

First,aline(widthoffburpixels)profileisdrawnacross

the imagetoobtaintheintensitydistribution. Sucha

profileisrepeatedinfburorientalionsandanaverageis
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taken fbr better statistics. The resultant intensity

distributionisthenfittedtoaGaussiancun'e,

{-(x-x,)2/(2｡3)] ,y=jﾉ0+.)ﾉ",exp

whereyorepresentsthebackgroundlevel,and.)/j"thepeak
height, todetenninetheFWHMofthespot size. The

intensitydismbutionatthefbcusfbrthetwolensesand

theirrespectiveGaussianfitsareshowninFigure2.The
FWHMthusdeterminedareO.169mmandO.159mmfbr

lenses#land#2,respectively.

BecauseoftheGaussian-likeintensitydistribution､he

transmittedneutronbeamintens町, and therefbre the

currentdensiWgain,dependsonthesamplingarea. By
integraUnguptoacertainradius、山etotalnumberof
ｰ ｰ △

neutronswithinthisareacanbedetermined・Thisvalueis

thennonnalized to the incident beam,measuredby

removingthelens､ toobtainthegainincurrentdensiW.

Figure3showsthegainasafilnctionofdiameterofthe

integratedareaatthefbcusfbrbothlenses.Theresultsof
twolensesarealsosunnnarizedinTablel.

TheFWHMandthepeakintensityarealsodetermined

fbrallimagesalongthebeampath,asshowninFigure4,

depictingUlefbcusinganddefbcusingproccss.
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Fig. 1. Imageofthefbcusedbeam(Iowerpanel)capturedbythe
VRD,andthespatialdistributionoftheintensity(upper

v、

panel）．
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令 6.Comparisonwithamultifiberlens

Themonolithic lens isfarmoree伍cient inutilizing
incident neutrons comparedwithamultifiber lens,

However,tlleentranceareaofthemonolithiclensismuch

smaller(byafactorof～160)andtherefbreitcapturesa

smallerabsolutenumberofneutrons. Consequent以the
totalnumberofneutronsdeliveredtothefbcusisaboutlO

timeshigheribramultifiberlens.Ontheotherhand, the
fbcalareafbrthemonolithiclensismorethanlOtimes

Tablel.Resultsofmeasurementatthefbcus
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Fig.2.Spatialdistributionofintensity(normalizedtothatof
theincidentbeam)atthefbcusfbrthetwolenses(points)and
theirrespectiveGaussianfits(lines). Ioistheincidentbeam
lntensltv.

1 45 23 0.169 56

2 46．5 21 0.159 74
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Fig.3.Thegainincurrentdensityasafhnctionofdiameterof
theintegratedareaatthefbcus.

Fig.4. FWHMandpeakintensity(normalizedtothatofthe
incidcntbeam)alongthebcampath. Ioistheincidentbeam
】ntens1tv.
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smallerthanfbrthemultifiberlens. Thesecompensating
factors result inacomparablegain incurrentdensity
achievedfbr themonolithicandmultifiber lens. The

characteristicsrepresentativeofthetwot)pesoflensesare
listedinThble2.AmonolithiclensmaVbemoresuitable

fbrapplicationsentailingconstrainedspacesuchasinside

ofavacuumchamber､andfbrthoseinvolvingsmallsize

(<0.5mm)samplesorsmallregionsofinterestofalalge

sample,suchasincompositionalmappingwhichdesiresa

betterspatial resolution. Forexample,NeutronDepth
Profilingwhichemploysthedetectionofchargedparticles

emittedasaresultofneutronabsoIptioncanbenefitfrom

usingsuchamonolithiclenstoincreasetheincidentbeam

tothesample, andtodefine theprobedregionmore

precisel)'.
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Table2.Comparisonsofcharacteristicsofamulti6berlens3)
andamonolithiClens,where

"ratioofthecriticalangleofthelensmaterialtothe
incidentbeamdivergence;
ffractionalopenareaoflens;
jh: fractionofneutrons incidentonentranceficeoflens
whichiscapturedbylens;
I74:ratioofentranceareatothatoffbcal spot,andanarea
of2兀O2offbcalspot isassumed;
gain:measuredgainincurrentdensityoverFWHM

(=2.350);
ノbu,(=gain/』ﾌ4): ffactionofneutrons incidentonentrance
faCeoflenswhiCharrivesatthefbcuS.

今
奎
冗
○

Ｆlens 'Ij" ra galn ノ6"!

multifiber O.29 0．088 0.025 7031 80 0.011

monolithic O.40 0.50 0.20 481 74 0.15
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