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Abstract. Fundanentalparticlephysicsexperimentswith ultracdd neutrais (UCN) aswell aspotenial apgica-
tionsrequireasmary ultracoldneutrmsasonecanpossiblyget. Thetwo UCN flagshipexperimentsthesearch
for anelectricdipolemomen (EDM) of theneutran andthe predse measuementof the neutran decaylife time,
by far outperformedthe non-UCN versiors of theseexpeliments.However, they suffer from toolow UCN inten-
sities,bothfor increasingheir statisticalaccurag aswell asfor furtherinvestigding their systematidimitations.
Recentdevelgpmentsopered up the possibilityto build new souresfor UCN with ordes of magnitue gairsin
UCN densityover currently opeatedreactorsour@s.We repat on the statusof the UCN project at PSIwhich
aimsat settingup a facility providing UCN densitiesn excessof 2000cm—2 in alarge storagevolumeof abaut
2md. As a first experiment at the new facility we intendto searchfor the neuron EDM with a sensitvity of
5x 10~%2ecm.

INTRODUCTION

Ultra-Cold Neutrons(UCN) aredefinedasneutras which aretotally reflectedfrom certainmaterids atall anglesof
inciderce. They werefirst consicgeredtheoreticallyin 199 by Zel'dovich [1], or maybeeven earlierby Fermi, and
first expeimentally obsened in 1963/69[2, 3]. Typical UCN kinetic enegiesarea few hundedneV, correspndirg

to velocitiesbelav about8 m/s. UCN canbe storedin materialtraps(“UCN bottles”),usingthetotal reflectionfrom

materialsurfaces. Dueto theneutray magnetianomen, magretic fieldsof the orderof several Teslaprovide potential
enegiesof thesameorderasUCN kineticenepies.Also thechangen thegravitational poterial for height differences
of afew meterds of theorderof thekineticenepgy. As aconseqenceUCN canbecorfinedin materiatraps,magretic
traps,andcombinedgravitational traps.

Storageof UCN is a very important featurefor a variety of fundamentalexpeiments.It allows the measurema
of the neutronlifetime from a well definedsampleand leadsto ingeniais expeliments searchig for an electric
dipolemonent(EDM) of theneutron(seee.g.[4]). Although UCN offer greatlyimprovedsensitvity andsystematics
compmredto cold neutronbasedexpeiments,one main limitation of theseexpeimentsis the low UCN intensity
Typically, UCN densitieof ~ 10cm~2 areobtained Sourceswith increasedJCN densityof the order of 1000 cm—3
mayleadto muchimproved measurmentsof the neuton lifetime andthe neutran EDM.

Traditiorally, UCN areproducedat reactos. The principal difficulty of UCN prodtctionis thattheir enegy region
is far out in the tail of a therma Maxwell distribution. Additional lossesin the extractian from the reactorcold
sourceresultin large suppessionfactors(e.g.for a sourceat 300K anda flux ® o[cm2s~1] onetypically obtains
pucn = 108 dyecm=3). Methods to increasethe UCN yield from a cold neutra sourceinclude vettical extraction
[3], usinggravity to deceleateneutrors of highe velocitiesinto the UCN regime; andmechaital deceleratior5],
usingcollisionsof fastemeutrors with a moving scattererThe fastneutonscanmoreeasilypenetatewindows and
canbetransprtedover longerdistancesith few reflectiors. Thedistancesor UCN transpet to the experimentscan
thusbeshortandUCN lossessmall.

Alternative UCN production schemesave beenpropasedanddemorstrated suchas corversionof cold neutras
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FIGURE 1. Left: Pre-engineeringiraving of the PSIUCN source.The proton beamis deliveredthroughthe tube from the
left-back.The spallationtargetis centeredn the D,O belaw the cryogenicinsertwhich holdsthe SD, moderatorUCN areguided
(®8Ni coatedguide)from their placeof productionupwardsinto a Be coatedstoragevessel Flappervalvesseparatéhe prodiction
guide andthe storagetrap and are closedafter the production pulse.UCN canbe extractedfrom the storageinto experimentsby
theguidetubesatthe bottomof thestoragevesselRight: A schematicatop view of the plannedEDM spectrometeb guidetubes
from the storagevolumefeedUCN throughpolarizersinto the EDM apparatusfilling the 4 doutde high voltagechambersaindthe
5 controlchamlerswithout electricfield. The magneticfield neededor the EDM experimentis provided by a solenoidwhich sits
in anelaboratemagneticshielding.Only the 4 layersof the passie shieldingareshavn.

into UCN in superfluidhelium [6, 7] or other suitablecold convertersas, e.g, solid deuteriun [8, 9, 10, 11, 12].
Especiallythe solid deteriumbasedpulsedsourcs have the potertial to producehigh UCN intensitieswith densities
of abou 103-10°cm~2 [13, 14, 15].

THE PSI UCN SOURCE

The basicconcep of the PSI UCN sourceis that of a pulsedprodiction of UCN from solid deuteium. Figure 1
(left) shawvs a pre-emjineerirg drawing of the PSIUCN source Neutrans of 2MeV averag enegy areproducedona
leadspallationtarget in a macropulse(up to 4 s length)of thefull PSIprotan beam(590MeV, 2mA). Therecanbe
morebeampulses but thetotal averag protonbeamcurrent is limited to 10pA dueto the shieldingof thearea.The
spallationneutrors aresloved down andreflectedn alarge heary watermodeatortank. A block of solid deuterium
(SD,) is placedin the centerof the D,O andsenesasa cold moder#or for the prodiction of a high cold neutran flux.
UCN areproducedin the SD, by down scatteringdf cold neutonsandareextractedfrom thetop layer (several cm) of
the SD» into alargestoragevolume (2m?3). The UCN producingSD; layerwill beoperatedelon 8K tempeature if
possiblearourd 6 K. Thelower thetemperatte the morethereverseprocesof UCN upscatterig canbe suppessed.
Carehasto be takento insurea goad quality of the SD, moceratorwith respecto low H contanination and low
para-D fraction. Theimportarce of thesequality aspecthiasbeeninvestigatedrecently[13, 16, 17]. TheUCN froma
protan pulseareextractedupwards by meansof a °8Ni coatedguideinto a Be coatedstoragevolume. The prodiction
region will aftertheextradion be separatedrom the storageregion by closingBe coatedflappervalves. UCN canbe
extractedinto expetimentsthrough a numter of guide tubes,5 of which areforseento feedthefirst plamedphysics
expeliment,thesearchfor anEDM of theneuton.



TABLE 1. SD, parametersf the PSIUCN source.

SD, volume SDptop surface SDj heat load  SD; energy deposit
[liters] area [cm?] [WpA~—Y [Jg~tmAs™)

27 2000 0.5 0.1

TABLE 2. Neutronicsof the PSI UCN source.The cold flux ®¢qqg
is given at the location of the UCN producirg SD, layers.The density
andnumberof UCN is givenfor 8mC (2mA x 4s) andconseratively
assuminga SD, temperaturef 8K.

Deold stored UCN  storagevolume  number of
[em=?mAs™1]  density [cm—3 [literg] stored UCN
1.3x 10 2400 2000 4.8x 10°

Therearetwo majorconcensfor therealizationof a SD2 basedJCN sourcefi) will it producesufficientUCN, (ii)
will it bepossibleto keepthe SD, cold.

Over the lastyeardetailedcalculatiors have beenperfamedon the neutonicspropertiesof the PSIUCN soure.
Variows codeshave beenappied, the MORSE codepacka@, which was bencimarked with reactordatafrom PNPI
GatchinatheMCNPX code,andthe PSlversionof theHETC package whichwasbendmarledonthe PSlspallation
sourceSINQ. All calculationspresentlyagreereasonaly on the obtaired cold fluxes and even betteron thermal
fluxesandheatloads.As anexanple, Fig. 2 givesresultsof calculationsapplying the HETC packag. It canbeseen
from Figure 2 (right) thatthe heatloadin the top SD; layeris enhareddueto the load of the Zr contairer which
encloseshedeuterium Eventhoudh calculatiors suggesthatthe enegy depaitionin theseSD2layerswill notlead
totemperattesabove 8K for a4 slongprotonpulse thefinal optimum pulselengthwill befound expeimentally: The
wholedesignis flexible enowgh to allow for different pulsemodes.The protonbeamis brought ontothe UCN target
by kicking a fastmagret (typicd time: aronnd 1 ms). The full protcn beamcanbe handed by the target for several
secondsswell asary schemeawith shorterpulsesTheflappe valves, which separaté¢he UCN guide andstorageare
operedandclosedfor eachpulsein orderto allow the UCN to enterandto remainin the storagevolume. Thetiming
of theflappervalveswill finally limit theusefulpulsefrequency.

Tablesl and? list someof theimportant paranetersof the UCN source

THE EDM EXPERIMENT [*]

Currentlythe interestin the searchfor electricdipole momentsis increasingagain.With a two order of magnitue
improvemetn in sensitvity for the neuron EDM expeiiments,it will be possibleto testa large partof the supersym
metric parametespaceo beinvestigaed with the next collider geneation. While the standad modelpredictian for
the neutran EDM is about10—3lecm, thereis a good possibility to find it above 10-%’ ecm in presentlyfavoured
modds. The presenbestpublishedimits ontheneutre EDM arearoindd, < 10-®ecm[18 19 for whichthelim-
itationsdominantly comefrom too low statistics.Therebre,therearetwo averuesfor improvementsThefirst oneis
to increaseghe UCN density andthesecondneis to increasghevolumeof the EDM apparéus. Our proposedEDM
expetimentwill take advantageof bothappioachesAs previously descriled, therewill beanaverag UCN densityof
2400cm~2 availablein the storagevolume. This translatesnto a dersity of 1600cm~2 in our EDM experiment(see
Fig. 1) andcanbe compaedto a numker of abouté cm—2 in the currerily operaed EDM experimentatILL[19]. The
expetimentalvolumeof our propasedexperimentwill be 220l ascomparedto 20I.

Thestatisticaluncetainty of anEDM expeiimentis Ady, 0 (v/N E P21)~1, with the EDM dp, the samplestatisticN,
theelectricfield strengthE, the neutronpolaiization P, andthe obsenretion time T.

In orde to assesshe sensitvity of our proposedEDM expeiment we considerimprovemens over the currertly
runring expeiiment[19, which shavs sensitvities on the order of Ad, & 5 x 10-® ecm. We dende the factorsof
improvemert for our experimentby (i) F_ /. (ii) Fe, (iii) Fpz, and(iv) F, respectiely. (i) We have chanberswithout
electricalfield for systematichecls. Both chambettypesyield aboutthe samestatisticsandit is planredto subtract
their resultsin the analysis We therefae do not gainthe full statisticalfactorcoming from the densityandvolume
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FIGURE 2. Calculationafesultsobtainedwith thePSlversionof HETC. L eft: Totalneutronflux contous superimposedntoan
outline of the UCN source Contoursfor 9 flux levelsareshavn, 10,8, 6,4, 2, 1, 0.8,0.4and0.2 x 10*3/cm?/secfor 1 mA proton
current.Right: Pawer distribution alongthe vertical axis of the UCN source At the top of the figure are shavn the materials:T
targetlead;V void; Al Aluminium; H.W. heavry water;Zr Zircaloy; S.D.solid Deuterium.The squars andtrianglescorrespondo
differentaveraging(the power depositionis obtainedfrom volumeaveragedrack lengthestimates)the connesting lines areonly
guidingthe eye. Thetwo otherlinesaretheresultsone obtainsfor a simple sphericaimodelwith a uniform modeatoraroundthe
spallationtargetzone;the solid line is for SD, andthe dashedine for D,0.

increaseput 1/4/2 of it. F/n = 38. (i) The electricfield in the ILL expeiment[1] is limited to 8kV cm~1 due

to the Hg comagietomete The former PNPI expaiment[18] was opaated at 15kV cm~1. Our expeiiment will
run with 15kV cm~?! and, therebre, Fg = 1.9. (i) Our expeiment will have less deplarizationof the neutros
in wall collisions, becage no compranise for the wall coatinghasto be madefor an additicnal comagrtometer
We estimateFr. = 1.3. (iv) Due to lesspolaization loss, a slightly longer storagetime will be possible yielding
a moderae improvemen of F; = 1.1. Overall, we obtain FnFeFp2 P & 100 which correspondgo a sensitvity of

Ady &~ 5x 10728ecm.

At this level of sensitvity thereis a numter of systematiceffeds which might influencethe experiment.lIt is of
courseabsolutelynecessaryo provide a stablemagretic ervironmentand a resorancestabilization,which will be
basedn 16 Cs magretometersitting next to themeasuremerchamlers.Most crucialarethe systematieffectswith
apotentiatto mimicanEDM effect, thusgiving afalsepositive result. Theschemeoraposedor ourexpelimenthasthe
capabilityto checkon all thesesystematieffects.A schemewith dowble chamigrs,in whichtheelectricfield in one
half is oppositeto the other greatlyreduce theinfluenceof spatiallyhonogeneas magnetidield fluctuatins. A set
of 4 doube chamlersallows magretic field fluctuatiors with gradentsto be handledthe mostnastyof which might
be causedby leakagecurrents. Any leakagecurrentin one chanber will be seenwith decreaing signalamplituce
in the neigtbouiing chambes. The chamlerswithout electricfield, sandwicling the measuremdrchamiers,provide
a closeadditioral magretometersystem.An in-situ magretometeiis alsogivenby the neutrasin the measuremsat
chamier themseles, whereonecanaddthe signalsfrom thedifferentialchamiersin orde to cancelthe high voltage
induaed effects.DetailedMonte Carlostudiesof a varigty of systematieffeds andtheir possibletreatmentareunder
way. The magretic field homogeneityandstability themseles are subjectsof demanstrationexperimentswhich are
presentlysetup.



CONCLUSION AND OUTLOOK

The UCN sourceprgect at PSlandthe prepaationsfor the EDM expelimentaremakinggoodprogress.The protan
beamline to the UCN sourcehasbeenputinto placeduring thelastshutdavn in early2001 Most of the shieldirg for
the sourceandthe experimentalareais alrea@ in place.The modficationsto the main praton beamline, which are
neededn orderto putin thefastkicker magret, will take placeduringthenext shutdevn in early20Q. It will thenbe
possibleto insertthe kicker magne in a regular two day servicebre& in summer20@®. Presentlythe investigations
concettrate on the following importarn points: (i) magretic field contrd andresonane stabilizationfor the EDM,
(i) praton beamkicking, (iii) spallationtarget development,(iv) SD» propertiesand preparation,(v) techndogy of
large UCN storagevolumes. We exped to have resohedall majorphysicsandtechnolgy issueswithin ayearstime.
Assumingfull funding atthis point malesit feasibleto have the UCN sourcerunnirg by 2004. The EDM experiment
couldbeinstalledshortlythereafer.
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