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Thepresentworkpresentsaneutronguidefacility,recentlymstalled,atoneoftheET-RR-lreactorhorizontalchannels.
U

nlefacilityhasbeendesignedibrdeliveringneutrons,withwavelengthsbetween l-4A, toaFourierRTOF
U U

diffactometer;allowingfbrneutrondifnactionmeasurementsatDvaluesbetweenO.7Aand2.9Arespectively.
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§.1. Introduction
Themost important practical applicationof total
renectionofneutrons frommirrorswas fbund inthe

constmctionofneutronguidetubes(NGT)'~4);mainlyused
fbrthetransportationofthennalandsubthennalbeams.5'6)
BothstraightandCulvedNGTareanalyzedinRefS.(5-ll).

TheNGTisanalogoustolightpipesinordinalyoptics;a

lowenergyneutronenteringtheNGTwithanangleof
incidinceat itsmilTorwallsthat islessthanthecritical

angle, fbrapalticularwavelength,willbetransported

alongthetubebymultipletotalrenections. Ifaslight

curvamreis incoIporatedintheNGT; thenomythose

neutronswithwavelengthsgreaterthansomemimmum

value(typicallylA)willbetransporteddownthetube,
whilefastneutrons,aswellasgammaraysintheincident

beam,passthroughthewallsoftheNGTwheretheycanbe
absorbedinasuitablebeamstoplnthiswayavelyclean

andhighlycollimatedbeamofthermalandsubtllennal

neutronscanbetransportedtoalowbackgroundlocation;

farfi℃mtheprimalyneutronsource.

Thepresentworkdealswithaneutronguidefacility;
recenUvinstalledatoneoftheET-RR-lreactorhorizontal

channelsfbrdelivedngneutrons, freefromganunarays

andfastneutronsbackground、 toaFomerchopper;
attachedtoareverse-time-ofnight(RTOF)dimactometer.

8.＝､/2q/R (3)

Thewavelengthofnelltronswith4=8*iscalledthe

charactensticwavelength/l*oftheNGTandisgivenby:

"=､/2"'z/Rﾉv6｡ (4)

NeutronswithJ<J,*aretransmittedthroughaculved
NGTonlyaccordingtogarlandreflectionpaths,while

thosewith/l>/l*fbllowzig-zagtrajectoriesandhave

largerrenectionangles･ Itfbllowsfromeqs.(2)and(4)
that:

"=4α(､/'r/Jvb｡)/z" (5）

Tllenitfbllowsfi･omeqs.(1)and(5),thatthewidthqofthe

NGTwillbegivenby:

"=Ld"/4=L"/4K (6)

whereK=L/ZjistheratiobetweentheactuallengthOfthe
NGTandthedistanceofthedirectviewZ,d. Inorderthat

the instnlments locatedafier theNGTexperience low
backgroundlevels, thevalueofKshouldbe～1.1--1.2.

ThewidUlaoftheNGT;thatmightbeusedfbrguiding
neutronsfromtheET-RR-lreactorwascalculatedinRef

13fbrseveralNGTlengths・ Similarcalculations,'3)were
carriedoutaccordingtothevalues(calculatedfbrmirrors

coatedwith58Ni): l.15,1377Aand203× 1O-3Sr
respectivelyfbrK,ﾉl*andaThevalue1.377AoftheNGT
characteristicwavelengthwaschosenconsidenngthatthe
maximumofthedistributionofthennalneutronsemitted

fromtheET-RR-lreactorisat～1.2A'4)Thecalculations

yieldedthevaluea=13.5〃"〃fbraNGlength22"1;
adequatefbruseattheET-RR-lreactor.

Theoutputneutronnuxexpectedfbrthatcasewhen58Ni
isusedasacoatingoftheNGTmirrorwallswascalculated

accordingtothefbnnulacgiveninRef(15);andfbundto

be1 .4timesmorethanthatresultingwhenusingnatural
Ni.

Thedependencybetweentheneutronguidelengthand
tlleneutronnuxemitにdfromthereactorbeamchannelwas

calcula[edfbllowingthesameproceduregiveninRef(13).

§､2.PhySiCalParameterSoftheNGFacility
TheNGTcommonlyhasarectangularcross-section､and

itswallsaremadeofglassplateswithextremelygood
flamessandlowsulfaceroughness. Theglassplatesare
usuallycoatedwithnamralmckelorwith58Ni. Neutrons

withwavelength/lstrikingthewallsoftheNGTaretotally
renectedwhentheangleofincidence8<4,whereaisthe

criticalanglefbrtotalrenectionandisgivenby: '3)

4＝ﾉ'､/""6｡/'r (1）

4israthersmallanddependsonthecoherentscattering
length6c. Ifatllermalorcoldneutronbeamisguided,out
ofthedirectviewtothereactorcore,bymeansofacurved
NGTwitharadiusofcuIvatureR, thenthedistanceof
direcIviewZ,dis:

Ld=､/図示 （2）

Thecharacteristicanglee*ofacurvedNGTisdefinedas:
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radiusThepoligonalityresultswiththelossof20%ofthe
neulronnuxwhen/s=0.5"'" Besides, thejunctionofthe
opticalsectionswithrespecttothelossoftheneutronnux

ischaracterizedbythestepvalueAs!, thegapvalueA＄Iand
bythenumberofjoints("-l),where"isanumberof

joiningsections.Duetotheapplicationofasphencalfixer

at thejoints, thestepvalueAs' couldbedecreasedIo

O､02""〃whilethegapvalueAsﾉremainsinvariant.Taking
intoaccounttheincreasingnumberoftheopticalsections

andtheapplicationofthesphericalfixerthecalculatedloss

valuecausedbythejunctionsoftheopticalsectionsdoes

notexceed20%inthecaseofAs戸0.5 ノ". However,

accordingtoRef(16), theneutronnuxIosses insidethe
NGTcouldamountto60%.

Tablel.Thevaluesoftheneutronnuxexpectedfbrdifftrent
NGTwidthsandluminosities
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Fig.1.ThecorrelationbetweentheneutronnuxandNGT

length.
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13.3Ⅱ皿 10.6XlO6 2.5x10622mAschematicoftheNGFacility.
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§.3.MeasuREmentswiththeNGFacility
TheneutronguidefacilityjrecentlyinstalledattheET-

RR-l reactol; isschematicallypresentedinFi9.2. It is
intendedtodeliverthermalneutronstoaFourierRTOF

dimactometer arrangement desclibed in details
elsewhere.'9'20) Itincludesaninpilesteelconecollimator
andacurvedneutronguidetube22mlong. Theinpile
collimatorisintendedfbrthepreliminalyfbnnationofthe
neutronbeamattheinputoftheNGT;itistaperedinsuch
awavsothatthewholeareaofthereactorchannel'sbottom

isseenfromanypointoftheNGTinputcross-section.The
NGTmirror channel is of rectangular cross-section
(13.5"j"Iwidth,90m"Iheight). Themirrorchannelwalls
aremadeofboronloadedopticalglass(2cﾉ〃thick)coated

withafilm(2200Athick)of58Ni.TlleeHiciencyofboron
loadedglasshasbeenconfirmed,'0) as it reduces the
gamma-radiationdosebyafactoroflO.

TheneutronrenectivityofasampleoftheNGTmirror

wallswasmeasuredatSt. PetersburgNuclearPhysics
Institute(Russia)withbothatimeofnight (TOF), at

藷::H繩:淵6蝿ﾘ慨照欝雛副
behavioursarepresentedinFi9.3asafimctionofa/ﾝl. Itis
noticeablethatboUlbehavioursareconsistent.Besides,the

glancingangleofl3.31andtheneutroncoherentscattenng
lpngthgiveninRefl71eadtoacriticalwavelengthofl.91
AWhichisconsistentwithUlevalue202deducefififolntlle

ThecalculateddependencyisrepresentedinFig.l;bothfbr
naturalNiand58Ni.

TheeHectivelumnosity;whichshouldresultatdiHerent

lenthsoftheNGT;wascalcmatedaccording to the

correllationdependencyofFi9.l.TheeHectiveluminosity
isgivenby:'3)

L"碗="｡･Os ･"･K (7)

where:

ko= isafactoraccountsfbrthedecreaseinneutron

nuxduetoabsolptionbyUlechopper'smaterial、
aswellaSfbrneutronlossesduetoscattering
andabsorptionbythenightpathairandsample.

Os= istheneutronnuxatthesampleposiUon
"= isthesolidangleofthedetector

I/3= q.ﾉ7 ．ゴ: iSthevolumeofasampleofaheight/7
andthicknessd

ThustheeHectivelumnositieswhichshouldresultwhen

usingtheNGT;werecalculatedfbrdiHerentvaluesof(7,

andatUlevaluesO.7,0.1SI;lOc"landlc"Irespectivelyfbr
k0,鵬,/7andd.

Theluminositiesresulting,whenconsideringthat the
FourierchopperissetattheexitoftheNGTaregivenin

tablel.ItisnoticeablethatthebesteHecti,'eluminosityis
achievedwiththeNGTlength22"landwhosewidthis
13.5"I"1;witllcurvamreradiusR=3885.5"I．

Thelossesoftheneutronfluxinsidetheneutronguide,
mainly, dueto山elengthandjunctionsoftheoptical
sections, were estimated fbllowing theprocedure of
Ref(16).AccordinglXmedeviationoftheactualmirror

channelofastraightneutronguide,whoseopticalsections
areeachofa length/s, fromacurvedone is called

poligonality.ThepoligonaliWischaracterizedbythevalue

ofthedeviationangle)'=Is/R,whereRisthecun'ature

presentmeasurements. Theneutronreflectivityis～99.9%

fbrvaluesofaｲﾉl< 17.5x 104 rad/A; abehaviour
consistentwiththatrepolTedfbr58Nimirrors. '2,18)
ThebiologicalshieldingaroundtheNGTisconstmcted

mainlyfi･omboratedpolyethelene, leadandawallofheavy
concrete. ThethicknessoftheNGTsllieldis～0.55"l ibr

thatpart (7ﾉ〃inlength) situatedinthereactorhall (see

Fig.2); theshieldoftherestoftheNGT(15"！ long) isof

thicknessO.2 and0.4ﾉ〃 (seeFig2)． Thebiological

sllieldinghasprovedtobeeHicient incutlingdownthe
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gammaraybackgroundtovaluesbetweenlmR/hand3
mR/hrespectivelyfbrthereactorhallandcomdor(see
Fig.2);providingthesafetyoftheworkingpersonnel.

Theintegralneutronnux,attheexitoftheNGT;was

measuredbyaBF3detectorandfbundtobe6.3x 106
Il/c"12,sec.Thisvalueisconsistentwiththevalue6.36x

106n/c"12･secdeducedfromtheexpectedone(Tablel)after
accountingfbr lossesduetopoligonalityandjunction

eHectsoftheNGTopticalsections.

The neutron spectrumemitted from the NGT;

transmittedthroughtheFourierchopperandanother

straightNGT(3"1 1ong)ofthesame58Niwallsandcross-
へ

section(13.5×90"""当),wasmeasuredwithadiskchopper

oftheFermiType;describedindetailselsewhere.'9'20)The
detectorusedfbrspectrummeasurementswasaneutron

sensitiveLi-6glass scintillator (NE-912 type)with

eHiciencyfbrneutrondetectionvalyingfrom86%～98%

respectiVelyfbrneutronwavelengthsbetweenlA～2AIt
wassetataflightdistance(fromtheFermichopper)Z,=
(3448+5）m"7． Thedetectorwas combinedwitha

multichanneltimeanalyzerwhosechannelwidthwassetat

4ILsec. ThemeasuredneutronspectrumisgiveninFi9.4

alongwiththatmeasuredoneaifertransmissionthrough

12cﾉ〃ofBe(Fig.4b);usingthesamedetector.Thewell

knownBeBraggcut-oHat3952Awasobsewedatchannel
number 845.46. Accordingly, the thermal neutron

O

spectrumpeakwasfbundtobeatWavelengthl=1.374A;

veryclose to thevalue 1.377Aofthe 58Ni coating
characteristicwavelength. Thespectrumalsocoversthe

wavelengthrangefromlA～4A.
It isconcludedthatthepresentNGTfacilityisableto

providetheFourierRTOFdiHiactometerwithanintegral

neutronnux6.3×106n/c"J2.secatawavelengthrangefrom
1A～4A; quite adequate fbr neutrOndiHiaction
measurementsatDvaluesbetweenQ7Aand29A

respectivelfo);oHering0.5%resolutionatscatteringangle
28=90o.
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Fig.4.NeutronspectrameasuredattheNGToutput
a: spectrummeasuredat3448mm; 6:BefIIteredspectrum
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Fig.3.TheneutronrenectivityoftheNGsamplemirror:
owithaTOFrenectometer:owithaconstantirenectometer




