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Experimentontransportationofverycoldneutron(VCN)andultracoldneutron(UCN)nuxbyamagneticmultipoleneld
isdescribed.Themagneticfieldisproducedbytwopairsofpennanentmagnets・ T11eUCNandVCNnuxintensitVafier

passingthroughthemultipolefieldhasbeencomparedwiththatpassingthrougharelativel)･weakmultipole6eldTTle
countingrateofthefbnnercaseislO27i472%higherthanUlatofthelatter・Themagneticmultipoleneldsuppresses
UCNandVCNnuxdivergence.
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§.1 Introduction
Theinteractionoftheneutronmagneticmolnentwithan

externallyappliedmagneticfieldhasbeenusedfbrneutron

confinementexperiments.'~3). Neutronsareconfinedina
magneticbottlebythefbrce▽"B,wllere"iSthemagnetic

dipolemomentofneutronwiththeabsolutevalueof

6.01X10-8eVr-'andBisthemagneticfield.Wellavebeen
studyingaschemeofmagneticbottlefbrultracoldneutrons

whichisproducedbythecombinationofthequadnlpole

fieldandthemirrorfIeld.4). Bothofthesefieldsgenerate
theinwardgradientfbrcedirectingintotllemagneticbottle

fbrneutronswiththemagneticmomentantiparallel lothe
extemalfield.

Asapreliminalyexperimentofneutronconfinement

wiUl suchamagneUcsystem,we llavepassedanux

consistedofvelycoldneutron(VCN) andultracold

neutron(UCN) throughthemultipolemagneticfieldibr

suppressingthenuxdivergence.Tbavoidthedivergence,a

VCNandUCNnuxisusuallytranslnittedthroughametal
tubetheinnerwallsofwhichrenectneutrons. Ontlle

metalwalls､however, thereexist impuritiesthatabsorb

neutronsandcause lossof thenux. Themagnelic
tranSmissioncanavoidsuchanuxlosslnechanismsince

theneutronsdonottoucllthematerialwall.

270mm| 390mm

判

旧一
一
一

LiFdet“t0r
へ

一丁

UCN

Fig. 1.Neutronmagnetictransportationsystem
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Ｉ§.ZExI)erimentalSet-ul)

AfluxconsistedofVCNandUCNhasbeenproduCedby

retardingatllermalneutronnuxfromtheKyotoUniversity

ResearchReactorwithasupermirrorturbinerenector.5)
ThepresiceenergyspectnlmofVCNat theoutletofthe
supermirrorturbineismeasured. However､ theneutrOn
energyspectmmatoutletofusedportofthesupermirror

turbine isnotknown. Inthisstudy,weuseadevice

remodelingTOFsystemasshowllFi9.1. Fig.2showsIlle

crosssectionofthemagneticneutronguidetube.

Thevacuumtubewitharectangularcrosssectionismade

oftitaniumwhichabsorbsneutrons. Theupperandlower

partsofinnerwallsarecoveredbyneutronmirrorplates

whichareglassplateswithatllincopperlayer.Themirror

platesareusedtoincreasethecountingrateofneutrons
incidentollthedetecIor.Aroundillevacuum
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Fig.2.Thecrosssectionofthemagneticneutronguidetube
Lengthofthetubeis30cm.

E-mail:akiyama@plasma.gen.u-tokyo.acjp

207



N.AKIYAMA,H・NIHEI,N. INouE,M･UTsuRoandY・KAwABATA208

［
3.2
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tube､ twopairsofmagnetblocksarearrangedasshownin
Fi9.2. EachmagnetblockconsisIsofscveralpairsof
permanentmagnetpleces.

2.ノCoﾉ1/79'"α"o"sq///ie"Iqg"e"c企〃
Tlle experiment has been carried out in two

configurationsofthearrangementofmagnetpieces:oneis
the high field configurationwhich is producedby

arrangingmagnetpiecesinsuchawaythattheyintensify

themagnelicficldofeachother, theollleroneisthelow

fieldconfigurationthatisproducedoppositeway. Inboth

configurations、 since themagnetblocksarearranged

similarly,eHectofthemagneticblocksontheexperimental
schemeisthesameexcepttllestrengthofmagneticfield.

Fig.3sllowsthemagneticisobarsinthecrosssectionofthe
guidetubefbr (a) thehighfIeldand(b) the lowfield
configurations.6)Themaximumfieldofthehighfieldcase
isO・15Tandthatoftllelowfieldcaseis0．05T: thereis

significant diHerence in themagnetic field strength
betweentheconfigurations.

2.2Derec""gWsreﾉ〃

Theneutrons transmittedthroughtlleguidetubeare
detectedbVacombinationofselniconductordetecIorand

thinfilmof6LiF.7) Fig.4showsthefinegeometlyofthe
detector. Incidentneutronsproduceacoupleofcharged

particlesthroughthenuclearreaction:

6Li+n=t(2.7Mev)+q(20Mev) (2.1)

Oneofchargedparticleswillbedetecにdbythediode.

RangeofalpllaparticleandtritoninSiare7ILmand40

ILm, respectively. Inordertoestimatethebackground

countingrate､anindiumfilmwiththethicknessof0.2mm

isinsertedinfrontoftheguidetube.
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§.3ExI)erimentalReSultS
3.／乃α"やo"α"o"ﾑ)/r/7e"e""℃"""r′℃J"g"/"
Theenergyspectnllnofneutron, eSpeciallyUCN, at

outletoftheportofthesupermirrorturbineisnotknown.
InordertomeasureUCNnuxincludedintheneutronnux

attheusedoutputportofthesupennirrorturbine,wella,，e
changedtheexperimental set-upasfbllows: removedthe

ma8netblockguidefromthemagneticguide,andcovered
alloftheinnerwalloftllemagneticguidewithtlleneulron

mirrorplates. FromthediHerenceoftransportationbythe
guide(neutronmirrorguide)betweelltllecasewiththethin

Nifilminstalledontheusedponandthecasewitlloutfilln、

weestimatethequantityofUCNnux. Fig.5showstlle

pulse-heightspectraofneutrondetector. Tlletotalcounts

andthecountingratewhichare tllesulnofFi9.5, are

summarized inTable l. Unexpectedly, there is no

diHerencebetweenthetwoconfigurations. Thisresult

suggeststhatthedetectorcan'tdetectUCN,ortheneutron

nuxdoesn'tincludeamountofsignifIcantUCNs. Later, it

becameclearbyexperiments7)thattheneulronnuxdoesn't
includeamountofsignincalltUCNs. So,amoreaccurate

measurementfbralcngermeasuringlimealldunderall

Fig. 3. Themagneticisobarinthecrosssectionoftheguide
tube.
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Fig.4. Finegeometryofthedetector

(neutron61terefRct)Table. I・ Experimentalresultsoftransporti,tionbythemirrorguide

Configuration MeasurementTimeIsI TbtalCounts CountRate[counts/sI

noNifilter

Niiiller

7000

7000

５
５

５
二
３

１
１

１
１

0.165i0.049

0.165±0.049
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0.03

caseofllighfieldconfigurationwilllthaloflowfieldone.
Wecompareeachvalueoftheirtotalcountssubtractedb)'
tllebackgroundcounting. Theibrmer is l6.63r9.10%
largerthanthelatter.
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§.4DiScussionandConclusion
Ttlble lll shows theratiobetweentotal countsofq-

palticlesandoftritons. Thetotalcountsofd,-particleand
tritonarethesumofcountsinl30-630chandcountsin

630-830ch、 respectively、 inFigs,5and6． Althoughthe

ratiooftheq-particlecountingratetothetritoncounting

rateshouldbeaboutunity, theratioistoolargeintllecase

oftlleinSertionoftheindiumfilter・ Thismighthappen

becausethepulse-heighIspectrumfromneutroncounteris

smearedbythey-raysemittedfromtheindiumfilterdueto
the thermal neutronbombardment. Considering the

unreliabilityofbackgroundcounts,wehavecomparedthe

tolalcountsofhighfieldcasedirectlywiththoseoflow

fieldcase.ThedinerenceillcountingratebetweenthelUgh

andlowmagneticfieldconiigurationsis(0.0661±0.0018)
－(0.0600±0.0020)=0.0061(1=t0.436)[c/s}Whilethereis

asomestatisticalscattering, itappearsthatthemagnetic

multipole fieldconfigurations have aneHect fbr the

transportofverycoldneutrons.

Tablelll.Ratioofcountingratebetweenalphaparticleand
trlton．
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Fig. 5. Thepulse-heightspectraofneutrondetector
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Fig.6. Theenergyspectrumofdetectedneutronsfbrthehigh
6eldcon6guration,thelow6eldcon6guration,andtheback
ground counting.

improvedcondition inelectrical backgrounds to the
detectorsystemwasnecessalyfbrdiStinguishingtheUCN
conmbution.
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Fig.6showsthepulse-heightspectraofneutrondetector
fbrthreecaSes,whichare, themghfieldconfiguration, the

lowfieldconfiguration, andbackgroundcounting. The
measurementofbackgroundcountingisperfbnnedunder

thelowfieldconfiguration. Themiddlepeakandtlle

nght-handsidepeakareduetoq-particlesandtritons,

respectively.

Experimentalresultsfbrthreecasesaresumlnarizedin
'Inblell.Basedon･IBblell,wecanobsel-vccontrastofthe
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Table. II Experimentalresultsoftransportationbythemirrorguide． (magnetic6eldefYEct)

TblalCounts CountRate{counts/slTimeIsIConfiguration Mcasurement

0.066i0．0018

0.060士0．0020

19,800

15,300

107,000

1,310

930

HighField
LowField

Indiumfilter
0.0230±0.000462,461

(background)




