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Development of an Ultra Cold Neutron Source at MLNSC

S. J. Scestrom, ‘1. J. Bowles, R. Hill, GG, 1. Greene, and €, L. Morris

l.os Alamos National Laboratory
Los Alamos, NM 87545

ABSTRACT

Ultra Cold Neutrons (UCN) can be produend at apallation sources using s variety of tachniques. To date
tho tochnique used has been to Bragg scattor and Doppler ahift cold neutrons into UCN from s moving erystal,
Thin is particularly applioable to short-pulse wpallation sourcen. Wa ate prosently construating a UCN source ut
LANSCE wing this mothod. In sdditivn, large galna in UCN donsity should ba possible using cryogonic UCN
sources, Research v undor way at Gatchine to demonstrate technieal founibllity of n frosen douweriuin souree, If
sucoemfiil, & source of thin type could be iImplemenved £t Miture apallation source, such aa the long pulse source
being planned ut Los Alamos, with s UCN density that may be two ordorw of mngaoltside ligher than that presently
avilluble at resctors,

1 Introduction

The ecoherent mattering of low energy neutrons can be doseribed by an index aof rofraction. ‘The hivlex of
refraction 7 i a funetion of the coherent. acattaring length b and density p of the material, and the neutron energy
ki
2 ) - ')lh"‘* ‘ “)

Minsuteon b
AU n ghven onorgy meslrons will be aelly sxternnlly rofleered i gluncing suglew of ineddence satinfying Siedin
luw fur un angle of wero in the mediim, Boesuine the liden of refosition s enogy dogeasdent, thare oalste fin
moat. materiala an miergy below which nentrons are ttally exterinlly reflected for all angles of incidence, This
typleally oocuts for neniiton veincitien helow 8T m/am: { 500 A), and thews neutrons are ealled vltra cold, Thin
loweln tor the posalbdlity that TICN ean be totally confined within a bottle for perimds in exeren of 100 mooiuds,
making & compact mrirae of sored neutions for s in mesanrsmenta of Andamontal phyaies.

n

An area in which UCN linve hal and witl conthine to have o groat hnpact s the study of neutron bota Jecay.
Neution Leta Jdecuy in the simplest exainple of o nuclnr bt devay, and ono whose intesprotation is not plagued by
uncaetaintion in miclear steucture. ‘e comparison of nevtron Hifetine, neutron beta divay ssyimimetry, aiid docay
1nton for nuolear siper-allowal beta decava can bo umad W tewt the Minimal Standard Mode (MBM) predietion
of V A steaciure of the wonk intersation, Noutron data of sulliclont accutaey can e used to detetiiine the wank
veetor wid uxinl veator eoupling constanta Cfy and 744 independent of the Information from iclear desays. The
ability to make neutron lfetine measuromotita wsing bhoth wild noutron boanw atd storedd UCN wan an mportant
advantage in underatanding the aveteniatic siacta in thesn canitemeita,  Wa beliove U CN will be similarly
importunt i nicsiremants of the wariona deeay cotrelationa 1n neitron heta deeay.



UCN may alvo be of interest also in materials aclence, as UCN are highly sensitive probes of surface properties
of materials, As the wavolongthe are quite long (a few hundred Angsiroms), UCN are wall miitad o studies of
niacromolecules, which are of groat interest in sroaa such as biology. Curront rewesrcdi in thomn areas smploys
reflectometry {n which cold neutrons ure scattered al glancing angles rom wmtoriuls. UCN muy potentially
provide & complementary approach to reflectomelry. To dute the low intensities of UCN avalluble have preciuded
UCN as a normal method employed in materials resenreh. Very intense sourom of UCN are ramquired hefore it will
be posalble to test the use of UCN an a materials scenon probe. '

2 UCN Rotor Sources

The highost UCN denaity to date has bann achieved at the IL1, reactor using a Steyer! turdine. In this device
cold newtrona (40 — B0m/sec) aro gravitationally decelerated in an 18-m vertical gulde tube and subsequently
Doppler-shifted Into UCN by mulliplo refloction from the rapidly moving blades of & turbine, This mwel appraach
mbatantlally roduces the losaes in the tranaport of the cold nmitrons as thick windows in the guldo tubs can b
avoldad and transport. limses are loss due W the smaller number of average roflautiona nanrwmary for s nentron (o
reach the turbine. This devien has prodiuond moessured UCN densitics of 87U N/em®, a world reoord.!

‘The considerations for UCN production st « spallation sourco ure aquito difforent frean s reactor. In a spaliation
mnirce, u proton heam atrikes a high-7 targot in which approximately 1 neutron per 0 MeV of bheam powor
(compared to alumt 180 MeV for a roactor) Is produced.? Thess fast noutrons ure thon thermulivl and cooled
in u varioty of ninlecatons. Fur UCN production, the spallation neitrons must be firsl moderated in a lguid
hvdrogen moderntor. We will discuss UCN prasfiction at two dilferent Lype of apallstion nouroms: short pulse
(SPSY) and Inng pulse (LI"S8) apallation aorces. Tha NPSS la charactorised by facilitios likn LANNHCE, 1814,
und IPNS wharo the proton pulw is typloally » fuw miaresoooidls or loan and the pulse widih of cold weutrons
is dotormined by thoe mokmator. At w LPSY, the pulsn width may range from a nullinoond W continiow wave
(cw) and the pulse width of the cold neutrons is dominated by the pulse width of the proton beam. ‘I'he SINQ
(vw) neutron source in & LI'SS, an Ly the proposnd LANSQE 1MW wource.

At a SPSS, the high-energy apaliation neutrons ars not fully moderated and at priwent, the tim-averaged flux
{n at laant un order of magnitinde losa than that ot the 111 reactor, However, one can take advantage of the pulad
nature of the woureo to produce siul store UCN at the posk intensitios uvallable, which sro comparable w or ¢an
cxooed that a. a resctor, A tochinique for doing thin wan domonsteated many yours ago at the ZING-P' souree
wt Argoazie National Luburatury? and at a tost sutup at LAMPF, ‘I'hls techniqae involvea Duppler-shifted Heagg
scattering of noutrons to convert 400 -- m/x neutrons down into the UCN roghine. A rutor currying a meattoring
ctyatal (for exanple, Mics) inuves away frotn (e neutron pulse aneeging fromn the liguld hydrogen moderstor st
one half of the velocity of the neutrons thut will be vunvertad lino the UCN reglme. ‘Il rotor velocity required
in ddotermdned hy e Bragg wenttoring condition meoeiatad with the inttien spacing of the crystal  For mdon one
refincis 190m /s nevtsons In the comtar of mwe fame; the hieddet aowteom are telinetod bad fiom the @ yatal
with thiee mene vedudty wt whiky thiny biglnge on the orystul. T Ui Inlurntony Pram, the $08m/a iwentone are
soppel, Thoa, & pull of VON i producsd whilels hen Deghion 1o expand. S feaction of the UEN clonl will
Jrin et i pudede 1 plaee] close ta the pondtion at which the rotar intermecta Lhe neutron beam. A duitisr al
thee cntraminen 10 the gulde il pens whiths the pull s espmnding sind chown after a few s Thiw, it Is presille
to Lottle the UON ut the prak M vathws than the sverage Aun. The peosliy pakd s it the Doy tioe will be
longer at & BIPSK than ot « reactor, Howoever, for o iatlee whbe junge of experiments, thin in ol u set i coimenn.

AL Lon Alamen, we are fnatalling such a potar cotiverter on tw indnting cobd mwmbaeaton at the Mamd Lujan b
Neutron Neattoring Conter (MLNSC). 'The moderator ia a gadolinium deconpled Neukd paca-hyvdrogen inoderator,
irrmshiated DV povtratin from Lwo tungnten 1argeta areanged In a fun trap geametry. ‘1'e moderator (s viewsd by
a "N Ll gidde abe with v crom aeetion of e s Hern. A Miea cremal, moving away from the netean prilae
At w veloeds of 10mi/a; will e snatalled sne the cond of o rotor that rotaton in ayndienniaim with the heam putae



vata (20 1) at & position about 8 m from the mixlerator.

Aui\mnticviwdtheuprwnulplmedu MLNSC ia shown in Fig. 1. We expect to prodiuce UCN at a
density of at loast 10UCN/om? using the existing lquid hydrogen moderater at LANSCE. 1t 1s oxportad that in
the near future MI.NSC will begin aperations an a nine-month production schadule every year. This will allow &
fundamental physios program to hegin. As the power of SPS8S at MLNSC ia expectad to increase from the current
100-kW level Lo initially | MW and later Lo 510 MW, ono can expect substantial sdvances in the UCN densition
to bo achlovexl,

Fignre 11 Schewmtle of planned VON apparatin st LANSCE

3 Cryogenic UCN Sourcos

10 orsler to obitaln aignifieant galis in UEN denaily iver exinting suiresn it la Hkely that one will nead W go
to somw (o of cryogenie UGN moderatorn, Investigationa iave been careied ot i staely prodhietlon of UCN
i superthormad (o g, produclng w VEN deraity higher than the thormial VCN denndty of the munce) muow In
whilvh noutrons are down satteiel by phonon embsalon in Hguld 490e.* The upaeatiering rate slunihil be veey low
aa the phonoh drnsity In auch & nuxlerator in very low, 1"rouf-of: prive lple tests of this kiva have heen carried out
AL reactora and it appaars thar high densivien of UCN van be oltalined ln the liquid He nwmlerator.® However, It
haa proven diffientt to implenent this as o tealintic. sousce becaise theie have bren techideal problems I Gying
o atficiontly extract the UCN from the souree. Lifclem extrariion from the lquid suurce requires a whskowloss
exteection aymtemm that in compatible with the reactor tequireienta,

While the LHe mypeethernial sniteo certainly merita furthor cllorta, speially for experiinents that can be
perforim i the §ite peoduction vohine, s potentinlly attructive sehoae for producing 1CN B 8 tehiigie now




under developinent by the research group of A. Serebrov at the Gatchine reacior.® This employs a frosen Dy
moderator at 46K placed close Lo the active 2one of the reactor. The densdty of UCN in this sourcs is significantly
increased ovor that in a liquid Da oold souron by tho Boltsmann factor at the lower temperature. Very preliminary
rewulta from the Gatchina grotp have shown a gain in UICN densities achlevad of a factar of 10 compared to a
liquid deutorium sourco. Such & souron implemonted at a PSS has the advaniage that the heat loads on the
mwderntor are much less than at & reactor, thus providing one more fracdom (o optimiso tho modorator design
and minimige its distance fron: the spallution target, thus increasing the flux,

A 1-MW Linuc-only spallation source based on the LANSCE w coloratlor has bemn proposed us a means to
provide canplemenitary capabilitien to those avallable at the shart-pulse MLNSC spallation source, The LANSCE
linac ia envisaged to operate at 60 Hs providing 1.25 mA (with ssine potential to go to 2.6 mA) currant of 800-
McV protons with a duration aof 1.0 ms par pulso. Tho acculeralor would oporate at 60 1ls to tho LPSS with o
1-ms beam pulse width, thus yiclding a 6Tha boeam would Impingo on a tungston flux trap split targot viewed by
up W six modcratom that could be dther water or liquid hydrogon. Thoso moderators would produocs boams of
thermal and cold neutrona for \se in materials scleice and dafense piograma. Wa are planning for a UCN sourea
that could be installed at the LPSS.

The timo-averaged boam power of this sourco (s as much as sixty timos less than the thwrmal power of roscarch
roactors. llowever, tho enargy raquired to produce & noutron at a spallation source ln roughly 30 MoV s comnpared
to 180 MoV at a roactor. In addition, it s posalble W nuoke a brighter noutron sourco wsing a spallation targot
thun at » reastor. ‘[howo factors ylald & galn of ton for thormal noutrons and a gain of Alloon (ur culd noutrons
rolativo 1w » roactor, In addition, it ls pussiblo (for womw clasws of axporimonts) W Duke use of tho thno steucture
of the beam to advantage,

For UCN, emtirnatew indioate that densitics of 107 - 10%/C'N/om? onuld be achioved. Such a souren wonld
provide tha donsitics required to earry out a fundamental physics research program that conld probe for physics
beyond tho stamdard modal with substantially improved sonsitivity, The oxistenow of ruch un intense UCN source
iay alwo prove of litercwt Lo materials wclenco s & complamentary probu to refloctomotry. Assumning funding bs
provided in the near teen, & cryogenic UCN source could be impleinented at & LANSCE LSS within the next
Hve yrars.

The authors would Jike 1o thunk R. Colub, 8. Lamorsaux, Y. Maswds, F. Mezel, A Michaidon, and AL
Pendiebary, for useful discimsions,
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