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Ultncold neutrons (UCN) have proven &o be useful iutrnmen&s ua eevenl -~ 
po,;hnt experimen&s in low. energy elemen'8ry pariic!El physics (1): ·. ~ for .the· 
neuhon electric dipole moment, precise measurement of the neutron lifetime, the 
planned measurement of correlationa. in n~tron decay mid poanble experlmoots. 
with unprecedenkdly high DeDiri.tivity ~ energy and moment11m ,changes in UCN 

.· scattering and deviation under the influence of exte..-n&l beee: From the may 
• different and partly Wied methods, of producing UCN (2] only two are wied. now: • 

e:dnding of UON at stationaey reactor from l1m8ill med liquid hydrogen modera--
, tor through vertical' l!lClltron 'guide (&rebrov•m gronp at Gaklaina) [3] ud Sieyerl;s ·, 

'turbine aULL (4). Achieved densities of UON in ~tsl volumes ue uou:ad 
10cm~ ;· To in~ the precision imd,semtitivity of experimen&s, the. UON density 

· is c4 crucial importance. · , .· 
1 

. . ... · ' • •. · · '! · . . . · ·_. 
1

' , , 

. . : There were eeveral proposals for using pulsed neutron eources for produdion ·or. 
• ~ UCN (some of them ~ze mentioned in ibe review [2j). During the pu~, the density , 

·. of UCN in the moderator-converier is onlere of magnitude higher than the ~• 
, / · one and the problem is : how. to deliver Um :big}a pulse deuity to the experimental 

:.volume. PuJae ~ton wiU& low repeiliioa r6'al·r.nd•·veij- .high 'pm neuti-cm tuxes. 
· .are especial)y_suiW>Je for experiments with UON tllat h:ive a cyclic num: .der·· . 

: filling tho ~'31 ~ with UON, ~ shllli~'.atthe'.~\,;mdow of, . 
; , . :,-the ~ ia clmed ud UCN Ille kept DI ,it.'e camaa b. loag 'periods or time 

• -.
1 

.~ aeveral OIi' tem ol miauiea in some cm .. Duiag theee int.enu the UON tux 
· · frouf llbtioaary aeutroa source iii ~o& used.: Tlaere wu a proponl to hap a cloud 

. : · .. ol UCN, left after geaeration' ~ the fa.~·~g converter and ~ bwpod them 
- · to the experimental;yolume in,as~ moving vmJel [Ii]. Herein simpler ~y of ,. 

·, ~~iing and storing.UC!~ at an aperi~ ~ ne~troa aoqm,,is ~: .. 
. · · · F,g.l shows the ebnents·of a po88lb1e·mstcnauon. UONproduccd m the 
. moderator-conv• {l) . during the pume spread. over the c~ed .minor :aeuho:n 
. pide {2) aad a.re 8'ored in Uae ~ vohune {3)~ The fut shat1k,r (4) ·.· 
. located aev &he entraace1~ of this vol~ clml9 at the_propei- mcmcm& ,,, 

after the puLle and fllliDg of the volume with UON, Uae"stored UON are locked in/ 
)1ae TI>Iame; ; . ·. - ._.·· .. · : . . . : . . . ; ...... ·.· .·.. > -. . . ; . . .. •.· .· : .·. . . . . ... ·.. . . 

. . ·For a rough estimauon Id .us ue ·the .simples&. model: · all. UCN ue produced 
.. at t, = o:ai point z, = o,· the neutron. goide is ldr&ight ~ ideall;v pen~& (no · 
bees due to capiore,.np,c&t&ering aad.diluaie reftee&ion of UON during huiJporl 
'a1ong ihen~tron guide). The modem highly'polished neutron guidei, have mo~ 

. tleaa 0.99 probability of specular reflectioa, ihei-erore the id~ion uised does 
' iaoi aeem too crude for 'uort -~ pides. ~ quuaut,' ta. of uot{stored in.' 
. the volume V is determiaed by &Jae .rate ~f) of UON ateriag from the aeatron . 
. guide through the window and by the raie of UON ~ in th~ volume due·to 
• capture ud up,catiering, and· Uae lemge of UON through the enVIIDC& window 

' '.-.·· ' . .. '-,; :, -' . ' '.. ' :: , ,_ -,,.,;---_,' ' . -~ ', . /1·'- ·. ; '.. :' . -~·, ·.· ·;.. ,_.· ,' ,_ ' .. ::., 
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, -- , Fig.I._ The principal scheme of the method:_ -
' - - ·. ' . ., '' 

1. ,,The cooled moderator-converl~ ~f UCN. -•· 

·'2. Thei~ed mirro~ne~tron;gu~e.i :: . 

. ~::·~.- Th~ ~eri,.for·~~e of
1

~CN:- . 
✓• ,' \')~. -,· \;. (:\_ •• :.-·~ ._' ,: ,,·,.' ' ; ,; < ••• ,, 

4: The shuUerfor UCN. · -_ .; / ' 

., ) 

' ,. ,, :- - ' ' ,·_ .• .. !_:"·.1· _, < 1·' . '.'. ', 
--back to the neutron' guide. In 'our simple model_we do -aoi_ take iato accollD, ·ihe · 
. possible re,um of UCN &o the volume fro~ _the neutron guide after ~ving it. The 
~~nding equation' is: , , · , ' ·- · · ' · · · · 

. , _ . : , , . : dn/dt ~_,(t) ,_~/Tio,~~ n/T,d/ ·. _ , ': (1) 

i wh~ 1lo~. ~ 4V/(Sp <·11->) is the 1088 ~·or upN~ t~·vol~'S is the inner 
·" surface area of the .vol~, p is the mean IOM coeflicieut of UCN at the reflection . 

. ' .. ', ,', ' ; . ' ... ' . '' '·, ''." ', " . 
,inside the volume; <_11 > is the mean velocity of stored UCN; T,a = 4V/(• < 11 >) 
is the mean time of return of UCN back '° the neubon guide through. the eukan~ .• 
window of area •·' In praciical situati~ns the second-~ is small ht ~mpariaon' 

. , with the third one and is omit~ in this estimation. . . . I ' . • • • ' : • . • • 

'. To calculate '(t) nppoee that UCN a.re produced in the velocity intenal (O, vr,], 
/ where vr, is the. boundary velocity· of ,stored UCN; and have isotropic angular d~ 
- : tribution. Differential distribution ~f neutrorui on th~ velocity component v. along 

the neutron guide for monochromatic neutrons with velocity 11 is: : · . 
' . - l \ , r,: '' '.' . .. . , .. ' . . • ·.,: ~. . \ , ·. ! : . , . ' ' 

. , _ .n(v.)dv. == dv~/v,' ·(o ;<~. <·v):. -· · .,' : ' (2) 

For n~utrons with.~ no~a&ed Maxwellian- ~ail velocity distrihuii~ p(v) = 
3112 / ~, the longitudinal com~nent. :velocity distribution ~: - . · · /: , - ' 

_., 
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~~, ~~)dv. = 1~ f vO(v- ~.)d~v. = 
2
3 

(l '.'"" ~;/~)dv.', /Of' v. < Vbi. ,, < .. ,: ... "l, 0 .- . :,_ ' .tlf, -_. ·. : \ . ' . 

,p = o,. /Of', - v. > vr,. (3) , 
". • . _·, , - · , ,_ . , ." ,•,.. i . : ... ~ . ' . ,: , ' ·,. · .... ; , .:,· C: 

· ,Substiiuting t ='L/v~, where Lis th~-length oUhe neuiroo guide betwwi the' 
conv~r and -th~ ent.~ce window. of th~ ·storage vol~. we obt~ _ th.e arrival 

•. time distribution; • I :_~i . ·, I . . \ 

• l ";, ' 
-~(to, t)dt = 3to(i....: tUt2)/(2t~) • dt; /or t > to; ', = O, .·/Of'. t < lo, , (4) · 

_./- ·,.\· '< .. - '", . . ,' ·,.. ·. ,,:' .~--' ·'.<_' -:..-,·,,; ' !) .-· .:-.. '. ,.:-::·:·,:,,, _;.,·· .: . 

where t0 _ == L/vr, is the.delay time, which is equal to the moment of arrival of the 
: !as~ neutrons in the .ffored,spectrum.: Solution of equation (1) with. ~(t) from 
: (4) ui: · .. : . -· . : . · ..• •- • - -· : .. '_i · · · , ' . > ". \ ·. · , :-.: 

\· ...... 

:~~~) ,=3!2e~-,~J~eii~c~-l/!2)/lJe, ·-· /or . :i >, i; /~ ~:o, ·. /or , 0 < :,: ~ l, 
- . --- . , --- . , - -- ·-.· - (o) 

,_, ' { "',, ' ,- ' ~ ) 1 \ •• • • 

where:,:= t/to~,, = T/to; '. , . . . ·_. '. ,,. . '. . .· . ·.- . 
,. ;·/_' ·.Fig.~ shows n(z) for differenl.'1: F~r ~xample at;"& =.~m/•, f == 6_m;to:= 16., ) 

.-, V,= 261; • = 50cm2
;: T =:= 5•, ,-r=·5 almost half of tlie UCN generated dunng'the 

reactor pu~ can be storedjn the experiineiitiJ 'volume. . .. . :,-/ , ·- ; ; .. 
- • c .Fig.3 shows the't.im~ 'depend~ce, of filfutg of. the_ expe~ntal ·volume with_. · 

. UCN :wll~n th~y are gElnera~ in .th~ C()nve~ ~a;iig 1?<>11Ddary velocityfor UCN -· 
~ v;,.,,.~ = 4.4m ;·.-1 (solid deuterium), boundary. ;elocity or'storage vohime 88.p~ . 
~iously -~; 6m. ~-1

• The nornia.lized Mmv~lliari tail veiocity distribution'~_ this 
case has the form p(v) = .3f/(t1&:-·11.,.,,.v)3 and the reflection ofUCN at.the sunsc'e . 

'••: converter-vacuum is ta.ken into account: I•• ·- • . '"' • • i . : ' . 

-- I " The best type of neutron' source for realization of this met.hod are pulse thermal 
' ' pool TRIGA reactors. There were constructed manyreactors oft.his type, some -

oftheni have .the extreme ~pability: of.producing pu~ of high power [6] with ' .-
- ff11ences op to (1 '..:.. 5) ',1016n/C!1l2 per_ pulse wit._h, ~ wi~th o! seve.il m•., The 

best _modeiator&-converiers for. UCN production are cooled _hydrogen moderators . 
(H~,OHt) and tispeciallydeuterium-liquid and ~lid [7)(3)[4]. ~tcalculations 
(S]in the Debye approximation ofthe g~ f~jor of cooled deuterium showed that 

-__ . at a temperaiure 4K iri a neutron field with a -temperature 40K ii is 88' high as 
2:5 -10•. The results of early caiculati~ns [7] have given ~/ value for, the.~ 
factor_sevemlt.imes lower and with not 88 sharp.an inci-eue wlien decreasing the -_ 

; ' ~mperat~ie' of converter~ The density p MucN in the conve~r ~ be estimated. 
:'from equati~n: ) . . -- . , . ' . . . 
; .- I .. • . ' C • I _,,,.,·;' 

dp/dt ~- ~(t)...: p/TiJcN; 
c '\_·. 
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Fig.i The time dependence of filling of stomge' volume with UCN. a~ diffeient ' 
, values ohhe ~ q = i/to, ,: (e ::.,t/to): .·, <, -' '', ·• ·,, , ... / ; . , ., , , 
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;Fig.3; The~~~~ Fig.2 for the cue when ~n~~ h~ bo~daey velocity• : 
' · . , , 1 ' ;, · " . I,,. ' · • , . I" ., , 

. 11.,.,,.0 =:= 4.4m •·•:. ·. (eolid D:i): , ,-;- · 
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where ~(t) i3 rate or UCN geaer,alion in '1le convener, ~ox·•~ lifetime of UCN 
in llie coaverier, At a ~uy regime . ' . . . . . , · · • · j '. 

, ,: r .r, ;, . , , ., \' 

,. 
1 

/>.. ,,~•oTtl~~.~~o(t'6/t;.,.)•G(Tc,~.)/t4~K"·'•o,:[9):, . · -(7) 

'. where Vt.\ = 2.2 • 105cm/ a,, G(Tc, T.). is lhe pm factor~ c:haraderimag the efficiency 
·. of UCN production -in converiers in oonequilibriun concliuo-, when lhe lemper- .· . 
ature of the ~verier Tc ;f T., the lemperalure of the aeutron epectnim.; II the 

· pu)sewidlhl., S 'ltJoN,,, p,,.,..;,;,, K;F/TtioN,wherel)WS!'ftu~ F = +•',, ~ deu
~um:~.verylow temperature, 'ltJON ~ O.b 80 thai'~ & fluence F.= 101!ri/cm2, • 

tlf> = &m/•,G ~ 10•, p_,.,,;.,lf1n/cm3.'Evo u(becameimperfedaeaofUaeneu--•· 
tron gv.ide) only~ tentlt or~ ,UCN generated ht the ccmverla ,;Jth volame 11. 
reeclt the experimental volume it would be pcmble ~ • puJae ~tor witli a~ 
era&e pulse lu~· to storage~ 10' UCN, whidi is three-four ord~n or magnitude: 
higher;than1achi~~now.),-

0
• ': ,·· ,~ •· •;'', ; 1 i '.•: ;,,.· ·,,1,, 

Virtually for succeaduhtorage
1 
of UCN in this meihod U is, neaeccary to have 

t,•S ,.,, where f,c is'tlae effective stonge time, wMch is about: h hi our exuiple. 
, '. ~ ~ aevenl imporlut ad~t · · bf tlK,' · ~ ~: •• \ : • 

. . . . \ ,, , . . ages . . ~. , . , . , . ,." I 
/ 

1 

' 1/Low JneaD po,ver of,Uie reactor: ifinterwls between pu.e811n aboui &min 
: . lhe ~· neuiron ii~ is ~y ~ 3 • 1011•/,;,..2/•, conespoDcling to the low· 
. 'power'~i~nacy state .reactor. ,Ji ~ 1ow·ram~·heating of the cookd' . 
'~~ ud ~,'that is imporianh.t . ' .low ~m ~ lo'lt . 

l
' ,•·L::..:.....:_,.:, __ ,] .,,,,l"''(t .,/•, .. ·,' .. ~. ,·,•··.·.,···' .,;/' ·' > , :,~~ ... ,~uc~~~~y? SJ•' :; , : .. t ,,, ':: ,·"· ;:: , ··:: · ... ~ 1· 

. ·, 2;- Very 1ow or sero Dell~~· badgr~ during s1orage anl ~ts. 
,.'. ·,, ::1, 1, ,' '. "/ ' ' ' , , · ',. ' ' ' 

'':{ P~bili&y ~ ~ ~r'l ~nt~ guides(eema!~) due to'&Jae ~ mean ' 
' .. ·. ' ' power of lhe i~tor, it ·wm pcmit.to avoid l~ ~ c:A. UON diuing 'the .. 

' the spreading aloag the neutionpide. . ' . . ' ' ' . . 
l:(·.•.••·\·· ... , '·,.·' .·,·,.·,?,.,•,,"''•·<· .' .. ,,·.,· ;'.•#\,' .. ! ': ,< 
.Author tlaanb Dr. A.P.Serebrov1who had uuaded auUaor',i attention to ex-

"treme UCNprochiction'capiabililies of'very cold ch11teri.un. ·. . ., J . · I, 
.l. j, •J _, ' • ,' ', \ ., . ' _,', .... : '' . •.) , 'I • ' ': : ., . ~' _,·•.: " ' ' ' ' ' ., 
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