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and the Storage of Ultracold Neutrons., . . 
-~ . . 

- . The results are presented of a_Monte Carlosimulation of the·transpmt of v~ry 
cold (VGN) arid .ultracold neutrqns (UCN) in straight and curved vertical neutron 
guides with a rectangular cross section in , the pr~sence of: neutron losses due 
to neutron capture and diffuse scattering on imperfectly ~mooth reflecting surface 
of. the guides wall. The gravitational neutron deccelation and bending of neutron 

· trajectories is taken into account r.igorously, The nonstationary 'storage of. UCN 
iri experimental _c;hambers is modelled for a low p~riodic or aperiodic pulse neutron 
source: . , -· - ' - . : - , : ' . . ·._ . 

The investigation has been performed 'at the Frank Laboratory of Neutron 
Physics, JINR.' '. 
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• 
-1 . Introduction 

In our previous·article [1] we ~onsi\iered the nonst~ti1:,mary UCN 
transport i:ri horizontal neutron guides. Sometimes the vertic'~l · 
arrangement of neutron guides fo:r: lJCN extracting .i.s·rµorec_on- , 
venient or. even possible in view of.~ome peculiarities of reac.tor, 
construdion. · In the· vertical arrangement the energy of neu~ · 

. _troris exitting. fron1 the mode~ator is. higher. tha~. thei~ _energy 
·, during storage in experimental chamber.1 Jt leadsto better neu-
. tron transmissio~ through membr,anes_ of .the co<;>led ~oder~tor· 
·due to lower capture ~nd scatterihg ~ross sections, and: permits . 

.. to use the most promising mode~ators for UCN production with · 
high boundary,~nergy, such as liquid [2] or solid deuterium [3]; or 
deutereuted methane. Both UCN sources currentlyin:operation: · 
ILL [4] and SPNPI {Gat~hina) [5], have_vertical neutron gu.ides. 

J . - ': ' ' ', 

On the other hand, hmyever, the vertical arrangement of channels 
.. for UCN extracting leadsto larger neutron losses due to larger_ 

· · ·. probabiliti~s of neutron diffuse scattering and capture at.neutron 
reflectiori, from _the guide walls. In the; vedical. arrangemen~ th~. 

'VCN transport in the gravitational field has _different_ spectral_ 
and time, char~cteristics of neutron arrival. distribution. follow- · 
ing a ;eactor pulse from the horizontal ~ase. Diff~i-ence in arri~ 
time distribution; leads to different from the horizontalbase UC:N 

' storage cha;acteristic;·important•for the'reaiization of the non.i 
stationary UCN storage thrnugh neutron guides ,using a· pulsed 
~eutron s·ource with pulses well ;eparated in ,tim~ [6] .. Monte 
Carlo•sirhulation of the n6nstationary VCN_andUCN transpod 
in straight and cu.r~edvertical neutron guides with realistic sur-. 
face . rrn~ghness reveals some: interesting feat~res. of transmis~ion. · ' 
. : . ' \ ' . .' . ' 

1The te~in UCN refers t6 neutrons sto~ed in experimental chamber~ a~d 
having energies below the boundary· energy of. the chamber, Eb ~. 200ne V; · 
VCN I ·starting from the moderator_ and then during 'transport det~elerating ' 
~o the UCN energy range, have greater energies. . . . , 
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of neutrori.s with different energies.and of nonstatiori.ary storage' 
·and can be· used to choose the best channel configmation·. · . 

, , .. ' . . ., "'.... , 

2 · Method of _simulating · the traris­
kort'and st'?r~g~ of UC;~._ 

. . ' .. . ·- . -

., . . ' . . : / 

· ;Five neutron guide configurations are shown in fig.1. These con-
; fig~ratidns were. c~osen :for. a i>~9.to~~e 9Lthe ~ Tjdr{ s~ur~e. :.a~ 
- the TRIG A type pulse Teact?r; .AU guides have r:edangular crC>SS'. 
; sections (6 x 6cm): . · . : . :. \ . . · ·• _ · 

,. ·-~·.: ·. · · · I~ aU calculation15. the primary VCN an~la~distribution. has 
. . the form: .· .• . ·:. 

;, /\ . 

, . ·dw(fl) ~ cosO -dn, ' (1)' ,' 

. •. 'Yhere 8 is the VCN mbinentuin polar angle relative to an axis 
. :·:_ ,normal 'to ·th~ entrance •wind~w of the 'neutron :guiae. . . . 

. :✓:The angular-.distributi~n ofUCN!filastically reflected'from,,the 

,1. ·-' 
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i. -~ide.internalsurface is 'asstlIIled'to:c<>~sist of:two :parts: specular . 
andSdiffuse. ,-= · · > • · - · : . . · · · , · - • · · 

· :..·For the cas~-of a s~rface wi,th'very·l~w:ro~ghness·the:angular .·. 
''distrib'ution ·of -~i:ffusively .r~~cted neutrons _'Was ·derived in :[7],-
' where the.neutro~·~mnedt~m'transf~\d~penden:c'eof:the·ililfu~e •.• 
. refl~ction p~obability'l{ad the f~rm: . . . ... . •. . . . .. · .. 

• - ·,: < ~ : - - ' '. ' ' • • • -~ • • • • - • 

,;ki : . · · . ·. , · . : · . . 
.. w - ·-·•en· "fl). · · · · b · · ;'_1sct1 )1 2 -·1s('8)12 • F(·"') .. . d.r. o, 4 8 .· 0 . - < · ' cos o .· _ ... ·' ;' .·• ... 

.:. -:._.•,---, ", 
{2) -

~for th~. diff~~e neutron scattering aw~y froni. the\ ~al(and 

· r; . c. . : . ·_ • • it .i( · . . 2 · : ,- . ;, 2 · • · · : : 

:Wd.r.(no,n) . 4'co_s0o k)f(O~)I. -~ IS(() )I ·F(~), . 
. ·. . £ . . . 2(0· ')_ .. k,2 >. .. . ·k· 2 . _ , , . - or c._os : · · _ - b · • .,. 

-✓ • -~ ··co· ·. ) . · · . ·£ 2(0'). ,2 · , k2 · Wir: <lGo,9 ----~o, , ·or, cos ., .• k <· - b, 
;, 

!11.,• l"~,:,.,;"(•,.i1 .,.,-~ i 
• ~ ~7~ rct~;~;.al•~ tl,t~.t"j'i.! -~l!a••~,,,--a I 

11 ... ~ .. 1.i;•.•T 'I'_" .. , .. t~, .. .,,:.tt•,P. ~ 
.~ ~·•r-~W.t• ~~"'"' ,.,_._..~!¼?l,,_\,- ~ 

V'' - 6~iS.ilt!OTEHA· . \ .• 
. -~ . ' . , .......... ~ _.,_,...' 

(3) -
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. for];he· diffuse neutron ,scattering into-the wallJ. 
.·.·. In these forrrn~las: . . 

~i -
I 

. UCN l~sses due to capture "and inelastic scattering are de> ' 
. ~ , •.. - . ,' , - . . 

scribed by, the ,expression:· 
( ) ·_- 2cos0 . 

SO = cos0 + (cas 20 -'klf k2)1l2 ' 
,"' . . \_ 

(4)' . .. (·k• 0)···.··2· k--·cosBI·• J··_:_(k•cos0. ) 2 
.. 

µ ' ·.· 71 · k · . · l k . · •. / 
. . . b . . .. . . b . 

. (10} 

, , · · ·. ·. · ,2cos0'; ... ·. .· .•· . . .·., ,,. . . 
·1. ~S(O); cos0'.+(cos~0';ktfk12.)112)_ (

5)· 

. 1n· the;e ~xp~es~io~s k. i; the' wa~e \ect~r oLin_cident ( and 
refl~cted a~vay froir{ the wall} ne~trons, k' is.the \yave vector of 
diffusively scatter~d :~eutron inside the wall ch~racterized by the 
h?und'ary-wa;e_ye~tor.kb.. . . . . :• ' _:< r ' ,, - ' . 

Here 0 is the incident angle to th°e surface normal; loss coefficient 
11 1~, bf Re b, Im b = (uc+ 'uin)/2i, u~ and O'in are the cap-. 
ture and the inela~tic cross sections, resr>ectively. In c~lculatioris· 
,we take.,17 . ·. 5 · 10-4 •. This .value is approximately twice as large ~ . 
a~ t~~ the~re.tic~I yalue_ <>f77 fornick~I <>~. stainless ~teeL .. · ·· ,:' , . 
· Neutrons with ~nergies higher thru1 the.boundary energy of 
theintefnal surface maf~fialof the. guide have thep~~sibility' \~ 
penetrate; the bulk material - the mai11 pheno'menoii' with 

; • • • • ' < \ ~ ·, .'. • • ' '. ·-., ~ ' •• ~. • • ••• •• ·,- - ,' ,. • ' ~. " ' • -

F{K)-:- u2T?:/21r '.exp(;..,K2T,2/2), 
- - ' ~ - . . . . '~- .'-' . , :..~. ', ~ . -- . 

> -- -..,,, 

. / (~)' 
w.hich the Joss proc~s,s wor:i(s. _The neutronrefl~ction proba-

..... .. ...... . , , . . . . . . . . . . . / bility i'u.·this case'b.as the form~ . , . . . , . .. . . 
k110 ,and ·~11 are t~e parallel to the'su~a~e~plru{e ·c~mp,onent~ of: .. ;" . , . . . .· · .·. . .. ·.· . ·. · .. · _ · ,' . .~ ,. 2 

. 2 ·. (k k .. )2 .. 
' K . ' ' II - 110 ' •' ,< 
r • • •' ~ • .• • ' 

,- X1) . · 
. ~--· 

•in~den~ and scattere~ w~Ve vCctors, so th~t· . . ·•. • •·• R J ( k" ~) kj_ - kl) /(k1. +i/ki - kl) I , 
'(k· k )2 k2(. 20 . 20 2. 0-·•·0 (;J..--,1.)) () . .. . . . -. ·- ·· .. •. 

{11), C 

II -::- 110 _ · sm o + sm - sm · sm O • cos '+' - '+'O : 8 • _ _ - , , . · · > - ·• · ·, • ~- . . . ·. . . · . . . . ,. . . -• . 
, . . " · . . ' . .,. . •. " ·• ~ where k.i:.. stancls for,the normal· component.of the"'neutron mc1-" 

. . . . ' . • • ' ..--:--:::> ' ' ,·,• . . -· ' ·- .. ' ,' . ' '' ' ' .. , . ' : ', 

Here Bo_ ~d 0, <Po ·and </> are the polai-\and azimuth angles of inci- ···· _ .\ · ' ), dent wave vector. ·. _ . . . . · . . ' 
. . dent t~ the surface normal and refle<:t~d 'neutrons, resp~ctively; . . . ·.·. -

1 

.. ', ~' The boundary ~ner~ 9f .t~e· ~nternal surface of a:11 guides con- . 
· u a.iid·T in, (6)-arethe'stirface_r~ughness paramete~sfoi: i~do~< - :·': 'sidered in these.calculations is Er ~.2O1neV, ·vb 6;3rn/s; which~ 
. deviationsc;{th~ ~urface fro~ the ideal· plan~ 'geometry. which are . . c·orresponds t6 stainless steel ·properties -the most 'practical ma.:. 
,,. des~ribed by an a~toce>;relatio~ function: . , . . . . . . ... -' . · · -terial. . . . ; \, . :.. . . . ··.·. .• . .. . . . . .• . .· 

-. . . . . . .. . . .. . . -, -. •. In all calculatio~s gr~vity,: which' bends neutron trajectories 
f(p:_, jl) U,

2
• exp(-(p =- j/)2 /2T2

):' (9). inside th{guides; was rigorously, t~k~n-into acc~unt .. · '' ··-~- '.'., . 
_,,__""· • . ., . -- -,._•··.- -·.' 1'"' - •. ~- ', _, ' ' :,- .-.~_.~-, -.,_···--

•·· ·.· Expressions (2) and,(3) 'were used to descril>e the .transiµis:. -
e. . !I'heconsidered_.in·otfr si~ulations s{irface :roughness parame.:=:, 

ters u ~ aoA;, T~:- 250A are q~ite realistic(i, 8; ll)for polish~d. 
metal and glas~ surfaces· witli a :m~t~I coating~ . . . . . . . . 

: 
2These restrictions, written here as th~y were done in ~q:(21) ~f ref.[7) are_ 

· not quite correct. We used in .our simulations different restrictions: k'2 >~ O: , , 
1 fo! upper ~q.(3) an~ ~'2 < O for the lower on~. •. ·· · .... · · 

':' 

. sion: of cold n~utrons ,thr~ugh a.neutron guid~ in [s,: 9] and. of 
UCN in [10], and was si~ulated a.nd e~rimenbilly ~erified, [11] 

I ' -, •. l • • •. - • • -, • • • - • .• ',.- ' • I.•. 'l 

" by·the measurement of the transmission and angular distril;mtion 
. ' ' of cold n~utrons emerging fro~- straight neutron gtiides made of 
. >:. piexiglas ancl glass panes -- both' covered with0.2µm evaporated . NL . . . - ✓ • • :· ~ - • . • • • • 

,· 

( 



.. To simulate UCN storage in experimental chamb_ers of finite 
·- volume the ·outgoing VCN spectrum. was asstimed~to be the _nor-· 

~alized µiaxwellian spectrum in the interval 6£ the· starting· ve~ 
. locities of ·n:eu~rons whicl: can be stored (in an iilfinite volume 
cham~er ) .. be_ing chan_neled through ideal. vertical ri.eutr?Il gui.de 

- _ 7m height. ·· .:: 
· ' It .is· ~so ~su~ecl that. the U CN life time in an e~perimental 

storage.:cliamber at. th~:end of the neutron guide (fig.1), can be .. -
. written. as: . ' . . . ' . . 

- ,r ~ 4V/sv, (12) 
--/, 

where V is the ~olume of the storage chamber; s is the entrance 
windo~· ~rea arid v is ·the__,,rieutr6~ velocity. It is ass~ril~cltliat 

' -• • : • .- - .. _ • •' -, • C • 1• : • •, : •,• > 

• neutrons. leaving the storage .volume· through -the entrance win-:c 
--dow doribtr~tm:n to'.the'chamberfrom: the neutr~n-giide. Tliis 

:· siniplific~tion lead~: to so~e underestimati;n: of. the . quantity of . 
store{~eutrons'.':, .: . ' . •' . . ' t ··.·. .. - . . .· . 
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-~ Fig'.f Netitrqn guides. contigurati6ris used in M~nte Carlo sirri;.:'.'." .. j: 
·ulations((sLch. 7.storaged.iamber) .. >. ·: · ·._: ·: · ,:.< :· ,~ , ;_i,· 

' • .I 
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· 3 · Results of the calculation 

Some of the results of calculation are. illust~ated in figs.2.:7. All 
calculation~ -~re b~sed on at H~ast 1·,ooff histo;ies for. each velocity· • ·• 
(u'p to 10,000 histori~s for calculatng arrival tinie artd spectral 
dis.tributjons ). . . . . . . . . . .. . - . . . _ _. _ 

'Figure 2 shows the VCN arrival velocity depen4en'.ce or'trans­
missim1 . through :1deal gtiicies. The 'charac;teristi'b slarit• on. the 

·. transmission curve for ctirved vertic~l neutron guides at~low~r 
v~locitie,s '('figs.2 i111d 4} ii q11~ to the ~etufo of'very 'i'?w -v~loc­
ity UCN in th_e gravitational field following theirreflec~ions from ·. 
the guid~ walls i11 the ~urved- top par:t of the guide (i does·_not . 
take place. in the h~rizontal neutron guid~s (1 ]) .. A decreas~ in . 

. transmissio~ through curved guides at heigher neutron velocities 
is the/well kn.o~n effect of i~-wall'losses of neutrons with velo~i.:., . 1;20 . . . . . . . •· . . . . 

'\ · .. .:... ... -·-

1001 · . ... . . . l . ~ :;.?tt "'jlWY'Xs, • 
.0.60 Hf'--".'""'.'""'.""~~--:--'."_,;;,;_,.+-:~----l.-_,..l,...--:...:I 

0.40 IJ-------.......... --'""""'."""-~-~ 

0.20 f · h <= ::::-:-,. < ~ 

·o.oo• I :::::;:: I I II I ,t-,· I,·, .~ 

·1 l.5 2 .3. °';' ~.-7 ~- iO 
. . . . . ·· ... , . ~ V(m/a) .· .. .·· ·. 

__ :Fig.2 The arrival velocity dep~nderice ~f neutrontr~nsmission 
thro"1gh ideal verti~al guides (in the absense l'.>f neutron capture 
and surfaceroughne~~ ): '.1) configuratio~ '~a'' from: -fig.1, curve is 
normalized to on~ neufron, ·c~rrespondirig to,, the indicated ar~ . 
rival~velbcity, incomtng at the guide·entrance, with thea~gular 
distributiori" according to:eq.(l); ·2) configuration~ '1c"· ind. "d1';· -

3) ccinfiguration ''b'.'; the upper'ctirv~s are no~malized to-:-trans:. 
missi~n through _a straight guide oLcbnfiguratio'u:' "a". 

'. ,. ,•. . .· 7' ,'· ., 

,,,' 
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· Fig'.3 'The arrival v~l~city depe0:cie~~~ ~f neut~oti tra'O:~rci~sicm 
thrClhgh the straigh~:guide· iri'figj(a):' 1) .. ca!)t~r~•:caieffi~ie;{t .. 

·. 77 = .5 ·10-:4
;• 2) ·rr · '5 .~jo-3

;· 3) 77 .. · 5 :· 10~\ surfa1ce n)tighness.>: 
. paramet~rs'~ .= 3ffA.i T," . 25,0 A. All curves' 'are. normalized to .. 
, tr~rismission;th;ough ideal stra:ight ~~rtic~i"·guide ~f fig.,1." a"~. , 

' . ' , - ~. --' - . 
--""C, y:_, 

ties hig~1erthari·critic~l,forthe Ctirv~d"gtiid~: ·Vciit : v/R/2d}1!2;:.. ~­
.·, where .vb ,is. the bouhciary velocity ,of the "guide'wall · ;urface, R 
is the ra:clius.of curvature-of the guide and dis the.width ofthe 

·• ~. guide;: · . . ··· · .. . · " . · . . . . . . 

.Figure 3 dern:onstrit'es th~ infl~eiice ~f neutron capture 'and 
imp·e~fectness Clf the surfac~:on the.··tra~smi~sion pi'o,bability.cof· . 

•·• straight· ;~rtical_guides. All: of the· transmission .curves <have': the<· .. · 
. chara~te~isti~ ~inimum0 dose to and abo~e. the ;giiide'bo~ndaTy--:--. 

·•· .. velocity. Siich a behaviour results f~o~ different fact6~s: atlQ.we~ . ·• 
'velocit,ies the' loss· ciiefficient. is' l~w, at. higher v~l~~itie's. th~. 4u_Ill: .. : 
her ~f-VCN refl~ctions· befcire arrival ~fthe ·guj,de end decreases . · 

· due to decreasir{gj;hl.Ilcingangl~-of incidence.. ··. . .· . •. . . 
·Figure.· 4 ·. shows the ~transrr1ission through )'realistic".~·curved 

. <guide~. of different . curvatures? For. comp ad son (cur~~ 'l) tlie 
·.-· - ,_·. - .. - ' '.,- . :-:· . ·,•" ,, " ·,; 

..,.. 

·, 

0.80 r----.:J:;"""'T".....,..._,.,;.,..~.......,...,.,..,.."r'T"",,_...""'""T"'....._,.___,..._..;,_,..... 

J ;- ', 

· 0.60 

i,1·: 
'1 ' ··,~-'· __,., 

I • 

,• 

'~ 10 . u ·2 

V(m/1) 

--- Fig.4 Th~ ar~ival ~el~~ity_ depe~dence 6f~eutr~ri tran~mission 
>_through ,,;e~li~t·ic" · cti~ved_.gu~de~_ in fig.1-(captuie ~oefficient · · / . 

rJ .. . 5> 10;4 , ~urface'.roughnessparameter~_(T :3o·.,A,.T . _250. 
A): 1) horizoni;'al guide ;ith configuration '1b\ the transrtiission . 

. is• normalized tf the. ideal . straight horizoritaj guide; 2 )-:-verti~al -. 
·_ , ~orifiguration '-'b''; 3}the same for c~nfigurationl)c";4) the same· 
. ··for.:con.figuration "e"_ .. ·~ The· norrriali~atfon.in-ciirves .2-4.is- ~s in. 
· ·fig·3 _. . · :· .. •...: . "••/ 

., .. ,, 
• • • ,e. 

-;--..~ ,} 

transrriissi~ii · through· a horizontal· guide with the configu;a'.tion ·· . 
. ,;b'.'. infig:1 is 0shown. ;Higher UCN<l~sses for c~nfig~ration ''e". -~ 
·guide ( curve .4) are due.to-a larger, _length o{ this ·guide-with• a.·• 
radius of curvatur~ 7 rri.-- , . -': · · - , ... 

Figure .·5 .·illustrates-the .. effect. of-usirig·•supepnirror :ne~tron < 
. '.guides [12, :13;\4] on .the.VCN transllliss~on probability. To sirri:' 

.· .' ·ulate vc·N transport in s_uperrriirrnr guiclewe usecl (approidmate L • 

. . exp~rimental regular reflectivity' J>~rameters:of Ni-Ti supermir- . ., 
•,• . .-·., ... ',,_ - _.,>~ ,·-,.:~·-,·-.'\,_{-'. :·-··'-'. ~ 

-, 
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. -~Fig.5 The arrivalvelricit}ideperidence of neutron transmission· 
through supermirror ,guides in fig.1: .. l )' cotifigu~~ti~n l' a:, ideal 
surface; 2) configurati~n "b"; ideal surface; '.3)'c:onfigu:ration "b'', 

~c ~apture cbefficient r/ = 5 · 10-1, . surface rough'ness parameters · 
•. ·;,.• .·30 A, T = 250 A; 4) the saine,\Vitliout the supei-mirror: The 

normalization as infig;3 W~S made to. transmission through ideal: · 
. guide .of_configuration "a": · .- · · ·· 

\ -

_ror with ~0 laye~s from ng.2 o_f the ~ape/[14].•· It-was possible to 
forsee that for stored UGN, no gain in the transmission for neu'-, 

, , 'tron guide with an increased reflectivity of'neutrons ~ith energies -. 
abo;e th.e'bomidary energyof .the storage-chamber co~ldbe ex-­

'. pected. (~egardless vertical or h~rizontaF guide is' used). 'As can ' 
· be seenfrom fii)i th~ gaih in the transrriissio~ is dissappointingly -· 
--low even for high~r ~eutron velocities up to. 25m/ S., Super~~ror 

. · neutr;on guides are. effective only for much.' high~~~velc:;cities a~d 
-:a !o~ number.ofr~flections _during ~eutron 'transp~rt. ~-. _ .. -

~'Figure 6 shows the (normalized to _storage in ari=infinite vol­
, ume throu_gh th,e/ id~al. straight neutron guide )'numb~r, of neu-
;\. ~_...:.'' •• '/.. ·-- -~-~-- • s. ,;- .-·/,~- _·: ,., 
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Fig.6 The time depend~n~e offilli~g the storage volume ~ith 
\ lTCN:through the guide or"configitratiori ."b" ;-~-_ 5'.10:--4, surfa~~--' 
roughness pararn-etei-s u 30 A, T = 250 A: . - - .; .. · 

· 1} st~rage voluriie< 1251, 2}.401, 3) 101. · Th~ normali~ation. tv~ , 
. ," peiforrnedjp · one neutron iii 'the maxwellian: spectrui'n of the in- - . -

' 

0

'terval of the starting'velo~itiesof neutr?ns whichcan be st?red in' 
the irifiriite :volume_ chamber through ideal guide of configuration 
-"a;'~ : . - .. · • - - . _.:_ . . . . - . . - . . _: _. ,_ ... 

•-·:' .. 
';; 

tronsstored in• chambers with the volume V ~ 1251, 401 or 101 
: as a fu'nct101i'ofthe time intervhlafter the ri~utr6n-source p~lse; 
. '. Ifto close thEi.~!mtterafthe_entrance to~the storage volume,, 
' one can· choose the spectrulri· of UCN stored in the chamber by 
·;~ring tli~·moment ofsln1tteritig: ·This can be perlormedbecaus~ 
.' .UCN wit~::large(;,elocities. arri-ve at the ;~~amber ·e~li~r a11q, 

-·. :according to (12)ialso leave it earlier. This.is illustrated in fig;7, 
.~here.the sp~dralresultsof the Monte Carlo simulation'of UCN _ . 

· .. stora~e:are sh9wn' for.differ~nt moments ~(closi~g th~ ·shutte~. ", ... 
,_ - , ' ', ' ._ '.' ',, ... -, . -· - . 
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Fjg. 7· The., sto.r~<:f UCN • s·pectra for different shutfering mo:-
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m~nts t. aftei:'.t_he peut_ron P1tlse,_g~ide.configur<:1,tion ?!b",-surf,ace. 
roughness para~eters ?":. }O A; T =:250 A: 1) t =,0.95s,;_ 1,· < :.' 

2) t -- Los;. 3) t-,, 2s, ~)t .. 10:s, 5)t 2os_r/ . 

. : I . . '•. : . . . . . - -·, . 
The efficiency .of .such sp~_ctral filtering ·is, hig4,~r'in ·t~~vertical _· _ 
case than)n _ h~rizontal case·• [1]. :. This· is, dueJo ~a ·more diredecl :.. 
angular.distribution of·neuttons during their-transport·thr~ugh···· ~­
a. vertical neutton g~ide an'c( therefore,. better tiITie arid space_· 

- separation of neutrons with,di~er~nt velocities. . . . , 
. -~ -, ~-

' . " ~:.. 

·4 Conclusion 

Tlier~sdlt~_e>fthe:Mont~ .Carlo simulation of VCN: transpqrt iri•. 
. curved v~rU~ai n~utron guide~ show,that for.neutron guides withe.' 
realistic. SU~ctce ~bughn~ss, the; .transmission .thro.ugh guides 'o( 
. practical. length. is. qui_te ·acceptable.-.. C<;l,lculations s:ii:owed signifi/ 
c~t difference ii:i:;th~. spectr~ldepenpence·oftransmission prob.a-' 
_bility between ·vertical-and horizontal citses and also.better UCN 

-- - .,. ' ' - ' - ' ·,- - - ,· ' - ' 

,-12 

._ ~ \ 

storage 
0

cha;acteiistic~ through vertic~ ·neutro,n guid~s as' com_:. 
pared to the_liorizontal guides. Thes\lpermirror guides do riot 

., show bette~ resuits for VCN -tra~~missi~m and UCi'{_s.torage as 
compared ·to.ordinary n~iltrori guides: The reported results· may 

. ·be useful fc?r po_ssible-;eaiii.ation·~f -nonstationary• UCN .st9rage··_ -
: at the aperi9dic pulse reactor; . • . 
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