
Proc. 1nt･SymposiumonNeutronOpticsandRelatedResearchFacilities,Kumatori, 1996
J.Phys.Soc.Jpn.65(1996)Suppl.App.249-251

UpgradeofNeutronGuideswithUseofSupermirrors

KlausAlUsta, .KalyanaN'Guy, ｡AlainMenelle,an(IFranCoisSamuel

CILAS;Co"Ipqgﾉ"eﾉ""s"/e//e"sZ,""s,Ro"re"eAIりzα眺，ﾉ60Mt"℃o“sﾉs,FRJINCE
申

Z,q6or"o"でL曲〃B""o"/〃(CE4-CAIRSﾉ,CEA-St7c/のり9〃9ノGI/es"r-li'e"eCedex,FR44A/CE

(ReceivedllMarchl996;accepted4Aprill996)

RecentmdusmaldevelopmentsofneutronsupennilTorsenablenowthebuildingoflargesurfaceelements,withall
apparentcriticalangledoubleofthenamralmckel,andarenectivityofmorethan90%ontheextensionofthetotal
renectionplateau.NeutronguideG3-bis,andthecurvedpartoftheguideG2ontheOrpheereactoratSaclay(France)
havebeenrecentlyupgradedtakingprofitof thisnewtechnology.T11ermalneutronnuxandwavelengthmtenSity
dismbutionsavailableattheendofguidesG3-bisandG2befbreandafterthiSmodifIcationhavebeenmeasured･An
increaseofnuxof69%onG3-bis,and21%onG2havebeenobtamed.
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§.1. IntroduCtiOn

Recentdevelopmentsinsupermirrorcoatingsallowthe

manufacturingofneutronmirrorswithllighrenectivity(>

90%)onlargesurfacesandwithaneHectivecnticalangle

oftwiCethecriticalangleofnaturalniCkel. InAugust

1994､theneutronguideG3-bisattheOIph6ereactorofthe

LaboratoireL6onBrillouin(LLB)inSaclay(France)was

upgradedusingsupermirrors. Afewmonths later, in

Febmaryl995,thecurvedpartoftheguideG2installedon

thesamereactorwasalsoupgradedusingsupennirrors.

Wereport inthispaperintensitymeasurementsmadeon

thesetwoguidesbefbreandafterthemodifIcaUons.
AtLLB,sixcoldneutronbeamsareusedtofeedalarge

expedmentalhallthroughsixhorizontallycurvedneutron

guides and three neutron guide benders') The

transmssionofthennalneutrons inacurvedguide is

detenninedbythreequantities: thecriticalangle"c=)'c"

ofthecoatingmatenal, thewidthWoftheguideandthe

radiusofcurvatureR・ Herelistheneutronwavelength;

thequantity)'cdependsonthecoatingmatenal,e.9.γC=

0117｡/A fbr 58Ni. At eachguide corresponds a

イ2"/γ:Rcharacteristic wavelength2) lc=

Transmissionofwavelengthshorterthanlcwillbesmall.

Aneedfbrshorterwavelengthsisexpressedinmoreand

moreexperimentsdoneontherenectometersandsmall

anglemachinesoftllisexperimentalhall. Tbfillfill this

demand,adecreaseoflcofthecorrespondingguidesis

necessaIy.Theuseofsupennirrorswithhigh)'cenablesto

obtainthisresultwithoutgeomemcalmodificationofthe

wholesempoftheguide. ThisisvelyinteresUnginan

exisUng experimentalhallas is thecaseatLLB. In

summerl994, theelementsoftheneutronguidebender

G3-bis(coatedwith58Ni),whichfeedsthetime-ofLnight
renectometerEROS,werechangedbysupermirrorscoated

elements.InFebmalyl995,thesameoperationwasdone

ontheculvedpartoftheguideG2(coatedwith"･'Ni)which
feeds thesmallanglescattenngspectrometerPAXY

§.2.Descriptionofguidesandsupennirrors
G3-bisisabenderinstalledontheguideG3.3) Thefirst
partofG3hasalengthofl3.5"1andasectionofl50"rmin

heightby25"I"I inwidth. Theradiusofcurvature is

4167"l. Coatedwith〃α'Ni thiscurvedpart showsa
characteristicwavelengthof2.0A. Theneutronbeamis
thensplitvenicallyintotwobeamsofsection50X25ﾉ""12
each. The upperpart(mainguideG3)conUnuesona

lengthof26ﾉ". Thelowerpartoftheneutronbeamis

deviatedfromthemainguideusingacurvedmultichannel

guide(madeoffivechannelsof4.6ﾉ""Jinwidth). Itslength

is3/". It isfbllowedbyastraightguideelementof6/"

length. TbgeUler, theSepartS fbnntheguideG3-biS.

Coatedwith58Ni ithasacharacteristicwavelength/lcof
66AG2haSaCurvedlengthof23ﾉ71withasectionof
l30×25"""2. TheradiusofcurvatureislO42"r. Coated

with"｡'Ni, its characteristicwavelengthis40AIt is
fbllowedbyastraightpartofl6"Ilength.

Table.1.Thermalneutronnux,characteristicwavelengthsAcandtransmissions fbrG2,G3andG3-bisbefbreandaftermodi6cation

oftheguides.

G3end EndofG3-biS(58Ni)G3Shutterlevel EndofG3-bis(supermirrors)

Neutronnux(n.c,n-2.s-')
ノl｡(A)
Transmssion

2.lx109 1.7XlO9

2．0

81%

0.7xlO9

6．6

35％

1.lxl09

4．1

52％

EndofG2("･INi)G2beginning
1.7X109

EndofG2(supennirrors)

Neutronflux(n.cm-2.s-')
/l｡(A)
Transmission

1.2x109

4．0

70％

1.4×109

2．0

82％
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Thesupennin-orcoatingswereproducedbyCILAS

(CompagmelndustrielledeLaser)whoalsomanufacmred

theguideelements. Themirrorcoatingsaremadeby

magnetronsputteringofaltemateNi(,､x)Cx(withx-0.1)

andTi layers of increasing thickness. During the

fabricationof theguideG3-bis, thequalityof tlle

supennirror coatingswas controlled on theEROS

renectometerusingamultirenectiontechnique.4)Atypical
reflectivitycurveasafilnctionofwavevectorisrepresented

onFiglThetotalextemal reflectionplateauofNi(,_x)C¥
thatextendsuptoawavevectorofOOllA-'isfbllowedby
an extended renectionrangewhere the renectivity
decreasesslowlvfifom999%at 0.011A｣ to90%ata

wavevectorofOO21A.IThiswavevectorcorrespondsto
aneHectivecriticalangleof)'c=0.19c/A. Forall tested
mirrorsthevariationsof)'c,andofthemirrorrenectivity,
waswithin±3%.
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§.3. GoldfOilsactivationmeasurements

TheeHiciencyofthemodificationsoftheguideshasbeen

comparedfirstbyusingnuxmeasurementSattheendofthe

guidesG2,G3andG3-bis, attheshutterlocationofG3

(beginmngofG3-bis),andatthebegimingofG2. They

havebeendonebyacUvationofthingoldfbilsofO.1"1"1.A
crosssectionof98barnswasusedfbrthedetenninationof

thenux,andtheywerenonnalizedtoareactorpowerof

14MW. Nocorrectionwasappliedfbrthevariationof

wavelengthdismbution.Theresultsarepresentedin'Iable

l.Themostimportantfactisthe50%andl6%increaseof

nuxavailableattheendofG3-bisandG2respectively.The

secondinterestingfeatureof thiscomparisonis that,

despiteacharacteristicwavelengthof41A,whichismuch
larger thanthe2Aofthemainguide,weobtaina
transmssionaslargeas52%fbrG3-bis.Thetransmission

ofG2isalso increasedfrom70%to82%, andisnow

comparabletothetransmissionofG3(81%)whichpossess

asmallercharacteristicwavelength.

Fig. 1.Measuredrenectivityfbroneofthesupermirrorsused
fbrG3-bis.
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Fig.2. IntensitydistributiononEROSattheendofG3-bis

§.4. IntensitydiStributionmeasurements
Uptothispoint,wehavenottakenintoaccount the

variationoftheneutronnuxwithwavelengthWehave

measuredthewavelenghdistributionusingthetime-ofL

night teclmque. ThemeasuredintensitydiStnbutions,

befbreandafier theupgrade, are reportedonFig. 3.

Betweentheoldguidesandthenewones, themaximum
available intensities on the instnlments have been

20．00

multipliedbyafactor2andthecorrespondingwavelength

shiftedfrom57A, to31AonG3-biS,andffom42ATto
29A,onG2.TllisisadirecteHectofthesupenmrrorlarge
criticalangleUlatenablesabettertransmissionoftheshort

wavelengths

Intensity distribution measurements have been

perfbnnedwithanangularresolutionofO.3oibrG3-bis,

and0.15ofbrG2. However, fbrwavelengths largerthan

3A｡ ihedivergenceofihebeamattheendbftheguidesis
muchlarger thanthedivergenceusedinthe intensiqノ
dismbutionmeasurements.Therefbre,wedonotmeasure

thecorrectvariationof the transmittednuxat large

wavelengtll,sincethenuxincreaseisobtainedmainlyby
anincreaseofthedivergence. Tbtakeintoaccountfbrlhis

eHect,acorrectionisappliedtothemeasuredwavelength
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Fig. 3. IntensitydistributiononPAXYattheendofGZ,
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distributiontoobtainiheenectiveneutron-nuxdistribution

witllintheguide.Thisdistributionisthenusedtocalculate
thegoldabsorptioncrosssectionnecessalytoextractthe
exact neutronnux from the gold fbil activation
measllrements・ ForG3-bis,weobtainedl.66×108".c.ﾉ〃
2.s.'with58Niand2.8×108".c.ﾉ"-2.s-'withsupennirrors;fbr
G2: 2.33X108".c."I~2.s~'with"･INi, 2．83xlO8 ノ7.C・ﾉ〃 ．S

‐2 ‐l

with supennirrors. Nonnalized corrected intensity
distributionstothesenumbersarerepresentedonFi9.4and

5, Thecharacteristicfeaturesarenowthefbllowingfbr

G3-bis:a69%increaseofthetotalnuxavailable,a51%

柵闇職i臘磯M謡嘩職:職無脇
nux. OnG2.weobtaina21%increaseofthetotalflux

available,a5%improvementpfthemaximumintensity,
andashffrom4M, to29Ainthismaximumoftlie
transmittedneutronnux.
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§.5.Conclusion
TbconClude・ourresultSdemonstratetheadvantageofthe

useofsupermirrors fbroldandnewneutronbeam
installations. Bycomparisonwithgoldfbil activation

measurements, andtimeofnight intensitydistribution
measurements､weshowthattheenhancementofintensitV

obtainedon instruments installedonguides isvely

dependent onitsresolution, anditcanbelargerthan

simplythegaininnux. Inordertobenefitfromthisnew

technology,otherneutronguidesat theOrph6ereactor,
feedingselectedinstnlments,willcertainlybeupgradedin
anearhlture.

Fig.4. FluxdistributionattheendofG3-bis
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Fig.5. FluxdistributionattheendofG2




