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UltraColdNeutrons(UCN)canbeproducedatspallationsourcesusingavarietyofteclmques.Todatethetechnique
usedhasbeentoBraggscatterandDopplershiRcoldneutronsmtoUCN廿omamovingcrystal.Thisisparticularly
applicabletoshort-pulsespallationsourcesandisthemethodplalmedfbraUCNsourcethatisunderconstructionat
LANSCE.However, largegainsshouldbepossibleusingclyogenicUCNsources･ SpallationsourcesarepaIticularly
wellsuitedfbrsuchsourcesgiventhelowerheatloadsandsimplerengineenngrequirementsthanarepossibleata
reactor. T11emostattractivecIJﾉogenicsourceappearstobeafTozendeuteriumsourceandresearchisunderwayat
Gatchinatodemonstratetechnical feasibility. IfsuccessM,asourceofthistypecouldbemplementedatfilture

spallationsourceswithaUCNdensitythatmaybetwoordersofmagnitudehigherthanthatpresentlyavailableat
reactors．
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deuteriummoderatorandtheturbineconverter. This

novelapproachsubstantiallyreducesthelosses inthe

transportofthecoldneutronsasthickwindows inthe

guidetubecanbeavoidedandtransportlossesarelessdue

tothesmallernumberofaveragereflectionsnecessalyfbr

aneutrontoreachtheturbine. Thus, thelLLsource

provides thebenchmarkthat other sourcesmustbe

comparedto.

TheconsiderationsfbrUCNproductionataspallation

sourcearequitediHerentfromareactor. Inaspallation

source,aprotonbeamstrikesahigh-Ztarget inwhich

approximatelylneutronper30MeVofbeampower

(comparedtoaboutl80MeVfbrareactor)isproduced､2）
Thesefastneutronsarethenthermalizedandcooledina

varieWofmoderators. ForUCNproduction, the

spallationneutronsmustbefirstmoderatedinaliquid

hydrogenmoderator. IwilldiscussUCNproductionat

twodiHerent typesofspallationsources: shortpulse
(SPSS)andlongpulse(LPSS)spallationsources. The

SPSSischaracterizedbyfacilities likeLANSCE, ISIS,

andlPNSwheretheprotonpulse is typicallyafew

microsecondsorless. Inthiscase､tllepulsewidthofcold

neutronsisdetemlinedbytllemoderator.AtaLPSS,the

pulSewidthma)'rangefromamillisecondtocontinuous

wave(cw). Inlhiscase, thepulsewidthofthecold

neutronsisdominatedbylhepulsewidthoftheproton

beam. ALPSSischaracterizedbyeitherSINQ(cw)or

theproposalatLAMPFtoconstructal-MWspallation

source using the beamdirectly fromtheLAMPF
accelerator.

AtaSPSS, thehigh-energyspallationneutronsarenot

filllymoderatedandatpresent, 1hetime-averagednuxis

atleastanorderofmagnitudelessthanthatatthelLL

retlctor. However,onecantakeadvantageofthepulsed

natureoftllesourcetoproduceandstoreUCNatthepeak
intensitiesavailable,whicharecomparable toorcan

exceedthatatareactor. AICchniquefbrdoingthiswas

demonstraledmany)'earsagoat theZING-P1 sourceat

ArgolmeNationalLaboratory3) andat a test setupat

1. Intmduction

Utracoldneutronsareneutronswhosewavelengthsare

SuHicientlylong(typicallygreaterthan500Angstroms)

thattheycanundergototalinternalreilectionatallangles

fromthesulfacesofavarietyofmaterials. Thisleadsto

thepossibilitythatUCNcanbetotallyconfinedwithina

bottlefbrperiods inexcessoflOOseconds,makinga

compaCt SOurce of stored neutl･ons fbr use in

measurementsoffilndamentalphysics.

UCNmayalsobeofinterest inmaterialsscience,as

UCNarehighlySensitiveprobesofsulfacepropertiesof

materials. Asthewavelengthsarequitelong(afew

llundredAngstroms),theyarewellsuitedtostudiesof
macromolecules,whichareofgreatinterestinareassuch

asbiology. Current researchintheseareasemploys
reflectometrvinwhichcoldneutronsarescatteredat

glancinganglesfTommaterials. StudiesoftheBragg

scatteringculvesprovidedetailedinfonnationaboutthe

strucmreofthematerial intheregionbetweenpure

surfacephysics and truebulkmatter. UCNmay

potentially provide a complementaly approach to

reflectometly. 'Ibdate the lowintensitiesofUCN

availablehaveprecludedUCNasanormalmethod

employedinmatenalsresearch. Vblyintensesourcesof

UCNarerequiredbefbreitwillbepossibletotesttlleuse

ofUCNasamalerialsscienceprobe.

2．UCNRotorSources

ThehighestUCNdensib' todatellasbeenachievedat

then_jLreactorbyconvertingcoldneutronsintoUCNby

multiplerenectionfromtherapidlymovingbladesofa

1urbine・ Thistechniqueim'olvesDopplershihing40-

50-m/sneutronsdownintotheUCNregime(<8m/s)and

Canmakeefectiveuseofthehighcoldneutronfluxfrom

coldmoderatorsatreactorstoprovidecontinuousbeams
ofUCN・ ThisdevicehasproducedmeasuredUCN
densitiesof87UCN/cm3, aworldrecord.') ThelLL
sourcefirstgravitationallydeceleratesthecoldneulrons

inanl8-mverticalguide tubebetweentheliquid
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productionofUCNinsuperthennal sources inwlUch
neutronsaredownscatteredbyphononemissioninliquid

4He.4) Theupscatteringrateshouldbevelylowasthe
phonondensityinsuchamoderatorisveIylow. ProofL
ofLprincipletestsofthis ideahavebeencamedoutat

reactorsanditappearsthathiglldensitiesofUCNcanbe
obtainedintheliquidHemoderator.6) However, ithas

provendiHicult toimplement thisasarealisticsource

becausetherehavebeentechnicalproblemsintlyingto
eHicientlyextract theUCNfromthesource. E伍cient

extractionfromtheliquidsourcerequiresawindowless

extractionsystemmat iscompatiblewiththereactor

requlrementS.

WhiletheLHesuperthennal sourcecertainlymerits

filrthereHbrts,apotentiallymoreattractiveschemefbr

producingUCNisatechniquenowunderdevelopmentby

theresearchgroupofA. Serebrovat theGatchina

reactor.6)ThisemploysafrozenD2moderatorat4-6K,

whichisplacedclosetotheactivezoneofthereactor.The

densityofUCNinthissourceisincreaseddramaticallyby

theBoltzmann factor at this lower temperature.

EstimatesindicatethatgainsofuptoafactoroflO-100

canbeachievedatareactorwiththistechniquecompared

totheturbineSourCeCurrentlyinuseat lLL. Wry

preliminalyresultsfromtheGatchinagrouphaveshown

again inUCNdensitiesachievedofafactorof lO

comparedtoaliquiddeuteriumsource.Additionalgains

maybepossibleataLPSS.Theadvantageofaspallation
sourceisthattheheat loadsonthemoderatoraremuch

lessthanatareactor, thusprovidingonemorefreedomto

optimizethemoderatordesignandminimizeitsdistance

fromthespallationtarget, thusincreasingthenuxes.

Al-MWLinac-onlyspallationsourcebasedonthe

LAMPFacceleratorhasbeenproposedasameansto

providecomplementalycapabilitiestothoseavailableat

theshort-pulseLANSCEspallationsource. Thenew

spallationtargetwouldbeconstructedinExperimental
AreaAatLAMPF,whichwillnolongerbeusedfbr

nuclearphysicsresearchafierl996.TheLAMPFlinacis

envisagedtooperateat60Hzprovidingl.25mA(with

somepotential togoto2.5mA)cuITentof800-MeV

protonswithadurationofl.0msperpulse. The

acceleratorwouldoperateat60HztotheLPSSwithal-

msbeampulsewidth,thusyieldinga6%dutyfactor.The

beamwouldimpingeonatungstennuxtrapsplittarget
viewedbyuptosixmoderatorsthatcouldbeeitherwater

or liquidhydrogen. Tllesemoderatorswouldproduce
beamsofthennalandcoldneutronsibruseinmaterials

scienceanddefenseprograms. ItisplannedthataUCN
sourcewouldbeinstalledatlheLAATFLPSS.

Thetime-averagedbeampowerofthissource isas

Inuchassixtytimes less Ihanthethermal powerof

researchreactors. However, theenergyrequired to

produceaneutronataspallationsourceisroughly30
MeVascomparedtol80MeVatareactor.Inaddition,it

ispossibletomakeabrighterneutronsourceusinga

spallationlargetthanatareactor. Thesefactorsyielda
gainoftenibrthennalneutronsandagainoffifieenfbr
coldneutronsrelativetoareactor. Inaddition, it is

possible(ibrsomeclassesofexperimenls)tomakeuseof

LAAFF.ThistechniqueinvolvesDoppler-shifiedBragg

scatteringofneutronstoconvert400-m/sneutronsdown
intotheUCNregime. Arotorcarlyingascattering

cIystal(fbrexample,Mica)movesawayfromtheneutron
pulsefromtheliquidhydrogenmoderatoratonehalfof
thevelocityoftheneutronsthatwillbeconvertedintotlle
UCNregime. Therotorvelocityrequiredisdetermined
bytheBraggscatteringconditionassociatedwiththe
latticespacingoftheclystal. Formicaonerenectsl99
m/sneutronsinthecenterofmassframe; theincident

neutronsarerenectedbackfromtheclystalwiththesame

velociWatwhichtheyimpingeontheclystal・ Inthe

laboratolyfiame, the398m/sneutronsarestopped.
Thus,apuHofUCNisproducedwhichthenbeginsto

expand. SomefractionoftheUCNcloudwilldriftintoa
guidetubeplacedclosetothepositionatwhichtherotor
interseCtstheneutronbeam・Ashutterattheentranceto

theguidetubeopenswhilethepuHisexpandingand
closesafierafewms. Thus, it ispossibletobottlethe

UCNatthepeaknuxratherthantheaveragenux. The

penaltypaidisthat thefillinglimewillbelongerata

SPSSthanatareactor・However,fbraratherwiderange

ofexperiments,thisisnotaseriousconcern.

AtLosAlamos､weareinstallingsucharotorconverter

ontheexistingLANSCEColdmoderator.Themoderator

isagadolinium-decoupled liquidpara-hydrogenLH2

moderatorl2cm×12cm×5cmdeep,whichisirradiated

byfastneutronsfromboththeupperandlowertungsten

LANSCEtargetsinanux-trapgeometly.Themoderator

isviewedbya58Ni-linedguidetubewithacross-section
of6cm×6cm・ Atapositionabout8mfromthe

moderatorattheendoftheguide,a6cm×6cmMica

crystalmovingawayfifomtheneutronpulseatavelocity
ofl99m/swillbeinstalledontheendofarotorthat

rotatesinsynchronismwiththebeampulserate(20Hz).

AschematicviewoftheapparamsplannedatLANSCE

isShowninFi9. 1.WeexpecttoproduceUCNatadensity

ofatleastlOUCN/cm3usingtheexistingliquidhydrogen
moderatoratLANSCE. It isexpectedthat inthenear

hltureLANSCEwillbeginoperationsonanine-month

productionscheduleeveryyear. Thiswill allowa

fimdamentalphysicsprogramtobegin. Anewfillly
coupledmoderator(i.e.,withoutanypoisoners)willbe
installedinl997. Thiswill increasethewidthofthe

neutronpulsesandwillresultinanincreaseinthedensity
ofUCNbyafactorofaboutthree.AsthepowerofSPSS
isexpectedtoincreasefromthecurrentlOO-kWlevelto

initiallylMWandlatertoS-10MWonecanexpect
substanUaladvancesintheUCNdensitiestobeachieved.

3．CryogenicUCNSources

Arotorconverter isafairlySimple instnlment to

implementandiswell suitedtoaSPSSandwouldbe

compatiblewithaLPSSas longastlleneutronpulse
lengthsdidnotexceedseveralhundredmicroseconds.

Evenwithlongerneutronpulselengths, arotorwould

stilloperate, butwithlowere伍ciency. Ultimately it

seemsthatinordertoobtainsubstantialgainsindensities

onewillneedtogotosomefbrmofclyogenicUCN

moderators・ Investigationshavebeencarriedouttostudy
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thetimestrucmreofthebeamtoadvantage. Inthecaseof

Small-Angle Neutron Scattering (SANS), taking

advantageoftiminginfonnationcanprovidedatarates

comparable to those that canbeachievedusingan

optimizedSANSinstrumentattheInstitutLaueLangevin
(ILL),whichisthebestneutron-beamresearch-reactor
sourceintheworld.

ForUCN,estimatesindicatethatdensitiesoflO3-lO4
UCN/cm3couldbeachieved・ Suchasourcewould

providethedensitiesrequiredtocarlyoutafimdamental

physicsresearchprogramthatcouldprobefbrphysics

beyondthestandardmodelwithsubstantiallyimproved

sensitiviW.TheexistenceofsuchanintenseUCNsource

mayalsoproveofinterest tomaterials scienceasa

complementalyprobe to reflectometry. Assuming

fimdingisprovidedinthenearlerm、aclyogenicUCN

sourcecouldbeimplementedataLAMPFLPSSwithin
thenextfiveVears.
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Figurel:SchematicofplannedUCNapparatusatLA.NSCE
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