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On n-n oscillations of ultracold neutrons
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The ultracold neutrofUCN) storage experiment for searching fom oscillations is discussed. The figure
of merit of the UCN experiment with respect to a beam experiment is considered. The effect of neutron
collisions with the walls on the production rate of thecomponent is analyzed.
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[. INTRODUCTION mentt,,: dNp,(v)=d®(v)Spt,,. To find the total number
Thi ‘ i e di 6010 of th " of producedn we must multiplydN,,(v) by the probability
IS work continués the discussioh—1t} of the mernts = (t;/7)? of n creation for every one neutron, whetreis
and dlsadvantages of ultracold neutro$CN)s for the Fhle f$|g;ht )tlme in the experlmenta>ll device. The experT?nental
search forn-n oscillations. The queStlon here is, how do device in a beam expenment is characterized by the Srea
collisions with the walls affect the transition nfto n’) If the of the target where thB are reg|stered and by the distance
walls do not affect this transition the probability nfgen- L of the target from the source. The paramet8ysand L
eration by a single neutron in the storage vessel is quitelefine the element of solid angfe=S,/L? in Eq. (1), and
large, proportional tdﬁ, wheretg is the storage time. If the neutron free flight time;=L/v in the probability p;.
every collision with the wall eliminates an component, Thusp;=(L/v7)%
then antineutrons can be produced only during the free flight Since in a beam experiment all velocities are acceptable,
time t=t; between two consecutive collisions, and the prob-we integrate ovew, and find that the total number of
ability of n production in the storage vessel is proportional toProduced in the beam is
tf(ts/tf)ztfts, where the number of free flights/t;, or the

" 2
number of collisions with the walls, is introduced. However, - Osbﬂ vdv e—02/0-2|—L_: %o — % 3s.
collisions with the walls can even hamper the transitiom of e L2Jo 27vd 2 "4mis?
to n. In that case the production afby a single neutron in 2

the storage vessel becomes even lower. We need to study

how collisions with the walls affeat generation to find the Now we need to compare this numbig, to the number
most favorable conditions for a possible real experiment. Ny, of n produced in a UCN storage experiment.

IIl. FIGURE OF MERIT B. Production of n in a UCN experiment

To have a quantitative criterion for the utility of UCNs for  |n a UCN storage experiment we have a bottle with
the searching fon-n oscillations we need to define their neutrons in it, stored for timg,, which cannot be larger than
figure of merit compared to neutrons of higher energies. Tdhe neutron decay time,. The spectrum of the neutrons in
do that, suppose we have a steady state source with the Mathe bottle is represented by the spectral densfty). In the
wellian flux density case when we can neglect gravity, the spectral density is
related toN, via

00 () =09 e — 2102, (1)
)= —eX — U1V
° 2m} ! Nn=VJ2 p(v)d, 3
U<vC

where®,, is the total neutron flux density, is the neutron

velocity, vy is the thermal velocity/2mksT, T is the tem-  whereuv. is the limiting velocity of the bottle walls, and is
perature,m is the neutron massg is the Boltzmann con- its volume. In the case when the height of the bottle is higher
stant, anddvd(} is the interval of velocities and solid angles than zc=v§/29, whereg is the free fall acceleration\,, is
acceptable in an experiment. represented by the integral

. . . 2

A. Production of n in a beam experiment ansf dzf (Vo7 292, @
In a beam experiment the number of events is propor- 0

tional to number of neutrondN,,(v) used in the experi-

ment, which is equal to the product of the beam dendily = where S is the area of the bottle bottom, andv) is the

the beam cross sectid®,, and the total time of measure- neutron spectrum near the bottddt].
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The bottle is filled with neutrons by a source through a 16V
window, the dimensions of which can be characterized by the N 35,0 for Eq.(3)
same are#, as the cross section of the beam. If the filling Tout=—— = ¢ ~1p. 9
process is infinitely long and losses of neutrons in the bottle Np 16Sv for Eq. (4)

are neglected, then the spectral dengify) in the bottle is 1595,
determined from the requirement that the number of ingoing

neutrons from the incident flux is equal to the number of; tol10ws that V< (3/16) .7,S, and S<(15/16)S,g7o/v..

outgoing ones: It is seen that forS,~0.01 nf andv.=5 m/s the most
5 appropriate bottle is a room of heiglat and floor area
d®(v)cosf=v cosbp(v)d-v, (5)  ~16 n?, so in the following we consider only the ca&®.

_ o The number oh created in a UCN storage experiment is
where @ is the angle of the neutron velocity with respect to

the entrance window of the bottle. Accounting for losses and _
for the finiteness of the filling time, if the latter is sufficiently Ni(70)=(P1)Na(70), (10
long, will cause some corrections to these formulas, which

are not essential for our estimations here. where(p,) is the probability ofn creation by a single neu-
Substitution of Eq(1) into Eq. (5) gives tron. If collisions with the walls do not affect production of
n, the probability will be (s/7)?>=(7y/7)?. The number of
p(v)=(Dy2mvT)EXP —v2/Vv3). (6)  storage cycles performed during the measurement time
cannot be larger thaty,/2t;=t,/279. Thus the total number
Usuallyv2<v2, sop(v) can be approximated as of n that can be registered with 100% efficiency can be es-
timated as
p(v)=p(v)= (P27 T)O(0<vZ<V)), )
Nt = 70 2 g e Ve
where®(x) is a step function which is equal to unity when nltm) = 2 1579729 4’

the inequality in its argument is satisfied, and zero in the

Opposite case. With this density the numbérin the bottle and the figure of merit of the UCN compared to the beam

IS experiment becomes
2 vg 2 2
VP, — for Eq.(3), Np(tm,UCN) 87 vl S v2
3% Fo= = e o (g g 5 (1D
N,= ®) N(tm,beam g9 SoSt w3
4 vg’ 2 vg vg’ for Eq.(4
15°%P0 37155 Pors 1 a-(4). For S~S=10m?, $,=0.01nm? v.=5m/s, and s

=2200 m/s we obtaifr,,=9.

. . . However, if every collision with the wall eliminates some
It is seen that according to E¢B) the larger is the volum¥ y

or areaS, the larger is the numbet, in the bottle. However, ™ then (py)= ot /7%, wheret, is the average flight time
the largerV or S, the longer is the filling time;,, which between two consecutive collisions with the walls. In that
n:»

should not be less than the filling time constapt, and ;. caseF, contains an additional small factty/ 7y which is of

3 _
should not be larger than the neutron decay tirge The e orger of 107 for t;=1 s. culate th

filling time constant can be estimated as the emptying tim%_ 'Ir;o )€ more grecrl]se Itis nelceslsaryr:o calculate the at;/erag?e
constantr,,, of the bottle with windows, . This constantis 9 t time. To do that we calculate the average number o

defined as the ratio dfl,, to the number of neutrons outgoing col!isions per .unit.time per neutron with _the walls in a t"’.‘”
through the windows, per unit time. This number is cylinder of radiug in the presence of gravity. This number is

defined as the rati®l,, /N, of the number of neutrons strik-
ing the walls per unit time to the total number of particles in

Nn=Sbf v cosfp(v)d3v the bottle. The nominator can be represented as the sum
0= =2 N,,=N;+N,, whereN; is the number of neutrons striking
d, m,‘c‘ the bottom per unit time, and, is that for the sidewalls. The
=S first part is
27TU$ 4 P
s, 8 =05 S — 2y
0 8U14- . 1 0 8U$ 0 81)?_ *
Thus The second part is
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. Zc Uc
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sion is a well behaved parameter, and the loss of sensitivity
of UCN experiments is due only to the high absorption rate

for thchomponent at the collisions.
Here we study once again the role of collisions with the
walls. We can certify that the role is usually destructive al-

though with some small probability th_ecomponent is even
created at every collision. Below we first estimate the prob-
ability of creation, and then discuss how dephasing and

losses at reflections affect timeeproduced during free flight
between two consecutive collisions.

The neutron inside the storage vessel will be considered
as a free particle without accounting for discreteness of the

levels, as was suggested|[i], because the component in
the vessel is not stationary. Its storage time is of the order of
1 s, which means that every discrete level has a width com-

: ) parable to or larger than the distance between the levels, as
Thus NW/Nn:(15/48)(@/UC+ UC/r), which means thatf was argued ”iﬁ]

~0.4 s. This shows that the additional small factor is even
smaller:t;/7o=4x10*.

However, we should take into account that it is not a
simple selection of neutrons with<v. from the density(7)
that is used for UCN accumulation in a bottle. In practice ~Our approach to this problem is the same as the one used
one uses a convertor with temperatdfg@T, which en- in [12,13 for the description of reflection of polarized neu-
hances Eq(7) by the gain factoiG(T,T,) depending onT  trons from a magnetized mirror, when the magnetization is
andT.. Thus the total number of UCNS) and the figure of noncollinear to the eszrnaI magnetic field. The neutron with
merit (11) must be multiplied by thiss factor, which in the two components andn is a two-level system, and it can be
case of solid deuterium is of the order off1@nd in the case described by a spind#,8] , the upper component of which
of superfluid“Hei_s estimated to be even higher. is n, and the lower component is. Thus ¢r= wi,+ vifi,

Moreover, then component can survive during several where u,v are complex numbers anfl, ,; are eigenspinors
collisions M4 with the walls[10], which additionally in-  of the Pauli matrixo,: o,¢,,=*,,, normalized to
creases the outcome of unity.

With these two factors the figure of merit of the UCN  In general, the wave function of the particle, which we
experiment becomes call the “Neutron,” with upper case letter N, is described by

a spinor¥(r,t), which satisfies the Schdnger equation

A. Estimation of Fcomponent created by a neutron at a
single collision with the wall

2 2
F —GM tf 8 Ue S Ue d
m=CMer7 | 15 291ve )55 2 iV =[-A+U+H,0,+Ho ]V, (13)
_ 48 1z.GMeyy (87 U_g( ) S ﬁ whereU is some interaction energy, the same for both com-
15(3r/2+2z.)(ve.7o) | 15 29 VeTo SS v% ' ponents,H, is some energy of opposite sign for the two

(12) componentsH, is the field, that causes then transition,
oy, are Pauli matrices, and for simplicity we use units in

. . 2 _ . . .
and for the same parameters as above it becomes of the orgéfich 7/2m=1. _Tf/\le energyJ contains, in particular, an
4M;;, which demonstrates that the numbdr, is very ~ imaginary part—iU”, responsible for the free Neutro

important. decay. L -
After Neutron creation its energy is fixed, so we must

look for a stationary solution of Eq13):
Ill. EFFECT OF COLLISION WITH THE WALL ON

PRODUCTION V(r,t)=exp—iot)W(r), W(r)=expikr)g,, (14)

The effect of collisions with the walls was first discussed oA ) )
in [4], where they were said to cause dephasing oftaad =~ Wherek=ek, k=k(-Ho)=\Jo—-V—Hao, eisaunitvec-
Fcomponents. However, it was not shown why dephasingscOr pointing in the direction of propagation, th? vect«b_rhas
spoils the rate onroduction. omponentdH=(H, ,H,), o=(0y,0,), and ¢, is a spinor,

_ . — . containing some fixed mixture mfandﬁcomponents at the
In [5] it was argued that the relative-n phase is com-

letel domized llisi hich hat th moment of collision.
pletely randomized at every collision, which means that the | ¢ ;5 see what happens at the collision with the wall. The

probability ofn production is proportional teyts. However, potentialsU’ andH' inside the matter may be different from
in [6] it was claimed that th@-n phase shift per wall colli- U andH outside it. Thus, if we suppose that the wall occu-
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pies a semi-infinite half space>0, the stationary Schro Po(r) =@ (x<0)exp(ikx) & (17)
dinger equation for the neutron becomes

[—A—w+(U+Ha)O(x<0)+ (U’ +H' a)®(x>0)]W(r) at x<0, contains also the reflected and refracted ones with

reflection p and refraction7 matrix amplitudes found by
=0, (15 matching the three waves at the interface. This matching

gives[12]

where ®(x) is a step function equal to 1 or 0, when the

inequality in its argument is or is not satisfied, respectively. ~ , A , ,

We use the stationary equation, because we are interested ip = k(= o) k' (=oH) ] k(= oH) —K' (= oH )(]i8)

elastic reflection from the wall. All inelastic processes that

lead to inelastic scattering and ton losses can be included wherek(— oH) = JK?—oH, k' (—oH')=VK?>—U —aH".

n Eq._ (15 via the imaginary parts o’ and HZ.' In the To find the amplitude oh creation at a single collision with
following we omitU in Eq. (15), because we can incorporate

it into o, the wall we need to find the matrix elemefi|p|n). To

The solution of Eq(15) can be represented in the form calculate it we use the following relations valid for an arbi-
trary functionf(x) and arbitrary vectora andb:
W(r)=explikr)¥(x),

wherek; are parallel to the wall components of the neutron f(o-a)=%[f(a)+ f(—a)]+ % %a[f(a)— f(—a)],
wave vector. Substitution into Eq415) reduces it to a one-
dimensional equation

f(oa)f(—oa)=f(a)f(—a), (18)
[—d?/dx?—k?+Ho®(x<0)+ (U’ +H'a)O(x>0)](x)

_ 1 f(—oa
=0, (16) Foa = f(;)f(_g), (oa)(ob)=(ab)+i[ab]e.
wherek= \/w—k‘z‘ is normal to the wall component of the (18"

neutron wave vector in the absence of external fields.
The solution of Eqg.(16), which contains the incident Using these rules we transform expressip8) to the follow-
wave ing:

oH oH’ ~o[HH']

k(H)k(—H)+k’(H')k’(—H’)—ﬁk,k’ﬁ-ka’ o k_ K’

- !

p= HH : (19

!

1
K(H)K(—H)+K' (HK (—=H")+ 5k K+ ———k k"
(HK(=H)+ K (HOK (—H)+ koK

wherek(=H)=k?+H, k'(xH")=k?+H’, k.=k(H)+k(—H), andk,=k’(H')+k’(—H"). The transitions-n are
provided by the matrices, andoy, so the amplitude of this transition is

H, Hy HeH,—HH,
— ook K =k kK K
— 2H o T 2HH'’
(nlp[n)= , : (20)

1 HH
K(H)k(—H)+ k' (H K (—H")+ Sk, K, + k_k’
(HK(=H)+K' (HOK (=H)+7k. Ky >HH

!

This expression can be simplified, if we suppose tHat relation(20) is reduced to
~H,<H,<H,, which means that the transition rates in
vacuum and matter are the same, and the energy difference

for n and n states in matter is considerably higher than in
vacuum. If the energy differendd in vacuum is consider-
ably lower than the neutron enery, then we can approxi- We see that the amplitude is of the order bif /k?
mate k(H)~k(—H)~k and k_~H/k. As a result the <H,t;/#A, so in the following we can completely ignore it.

k2%k' —H'K'(—H")
K[k+k' (H)J[k+k'(=H")]

Il i (21)
nip|n)y=—
(n|p[n) "
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B. The number of n created in an ideal spherical bottle
without gravity

To estimate the role of phases and absorptiom grenera-

tion it is sufficient to consider the simplest case of a spheric

bottle of radiusk with ideal walls and without gravity. This

means that the reflection from the walls is always specular,
and the flight paths between consecutive collisions with the

walls for a given angle of incidence are equal.

In the following we neglect the decrease with time of the

n state because of neutron decay, transitions tontistate,

PHYSICAL REVIEW D57, 016004 (2003

Bm:eﬁpﬁﬂm—1+(enpn)m_la- (23

Let us denoteBn=(e,pn)™ taxy; then the recurrence re-

allation (25) is reduced to

Pn

i

Xm:qufl—’_l! E:pe ’

¢
p=|pnl, ¢=Hzp +Xa~Xn, (24)

and losses at every collision with the walls. We consider the

neutron during the storage tintg as a particle with then

with x;=1. The recurrence relatiof24) has solutionx,

state normalized to unity, and its wave function before the:(l—qm)/(l—q) which means that

first collision with the wall is equal t@, without any phase.

After that the wave function of tha state acquires phases
appearing at every collision and accumulated during free

propagations between collisions. Thus, beforertiik colli-
sion with the wall the wave function is{p,)™ ¢,, where
e, is the phase factoe,=exp(k,l;) accumulated along the
flight path|; between collisionsk,= vk?—H,~k—H,/2k,
k=+E, and p, is the reflection amplitude, which we ap-
proximate by expfy,) with real phasey,, appearing at every
collision with the walls. All the parametefs, x,, depend on
the Neutron energ¥ and the angle of incidencé on the
wall.

The particle in then state creates an state and we cal-
culate its amplitude. Following the notations [of] let us
denote the amplitude of the state before thenth collision
with the wall by8,,,_1, and findg,,. This amplitude consists
of two parts:8,= B+ Br, WhereB, .= enpnBm_1 is related
to reflection of then component with the reflection ampli-
tude p,; and propagation in free space betweenita and
(m+1)st collisions described by the phase facter
=explkyl;) with ky=k?+H,~k+H,/2k. Back transition
from n to n is neglected.

The second part is created by the component,
which before themth collision was €,p,)™ 1¢&,. After
mth reflection and propagation to then{-1)st collision,

the wave function of thisn component becomes
Y= (enpn)milexpaklf)l)ngn: where Rn: Vk*=2Ho

~k—Ha/k. Since

H
exq—iHaIf/k):cos(Hlf/k)—iWasin(HIf/k),

whereH = \/Hx2+ HZZwHZ, the product expkl;)&, contains
ann component with amplitudey, where

H
e=exp(ikly), y=ﬁxsin(H|f/k)=tf/7'.

Thus

Bm=(enpn)™ ta, a=ppey. (22)

Now we can put down the recurrence relation gy :

1—-g™
1-q

Bm:(enpn)m_l a. (25

The parametep in Eq. (24) is less than unityp?=|pp|?

=1-u, because of absorption and scattering of theom-
ponent. We suppose that absorption is the main pait and

neglect scattering. Absorptigm means registration of with
probability .

The total numbeN, ofﬁper single Neutron in a storage
experiment is equal to the suNp=N"+N:-of the number
of n registered inM+1 collisions with the walls during
storage before emptying the vessN#, and of accumulated
neutrons, that are registered after emptying the veBl%%l,

M+1
Np= N+ N%Z,U«mz:z |Bm-1l2+1Bm+al?

(26)

1_qm71‘2 1_qM|2
1—q | Pli-al

wherep=|vy|2=t?/7?> and M+ 1~M=t./t;=tk/l;. From
Eq. (26) it follows that, if q=p, i.e., =0, then in the limit
u—0 orp—1, the first parNr'? becomes 0, because nothing
is registered at the walls, and the secd)lj’:d [the last term in
Eq. (26)] becomesM?p=t2/7?, which means the coherent
accumulation ofn’ during storage. This shows that we can

call ¢ the “decoherence phase” although this phase is coher-
ently added at every collision with the wall.

In the general case, wher<1 and¢+ 0 the number oh
[Eq. (26)] after summation is

©p e( 1—qM) ,1-1q/?™
= M—2R +
"l1-qP AT AL R
1_qM2
+p‘ i=q|" (27

where Rex) denotes the real part of If pM<1, i.e., 1M
<u<1, we can neglea™ and reduce Eq27) to the form
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o [ 1 —2Rdq)+3[g]
" 1-q?l T m 1-|q|?
4p
- Mu+2+4siR(G2
6sit(pi a2 M (¢/2)]
tt
=§Meff, 28)

where we introduced the effective number of collisions

4u

- = 29
16 sirf( p/2) + u? @9

Meff

We should take into account that fgr=0 the denominator
in Eq. (29) is u?. ThusMg<4/uw. If ©=0.1 we can have

PHYSICAL REVIEW D 67, 016004 (2003

00z
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-0.02

-0.04

-0.06

-0.08

-0.1

a 0.1 02 03 04 05 06 07 0g 09 1
x

FIG. 1. ¢(x,1) fora=0.15 ands>=0.9.

To get some information about the dependencil gf; on
the energyk? we can average E429) over the angles:

dx Au
2 16 sif[ d(x,y)/2]+u?

2
<Meff(y)>:f0y ); (32

Me¢s=40. In that case the UCN experiment, according to the

figure of merit(12), for G=1000 becomes 160 times more
effective than the beam experiment.

However, if ¢ is not small, therM .¢¢~ u/4, which means
that the UCN experiment is more or less effective only if

u=~1,ie., theﬁcomponent is completely absorbed at every

collision with the wall.

As was pointed out ifi7], it is possible to manipulate the
decoherence phasggby changing the external field,. The
phase ¢ consists of two parts. The first on¢;=HI;/k
=(H/K?)kl; is related to free flight, and the second one

$2=Xn" Xn
k

arcco{ \/Tn) - arcco% \/U—n> ]
k?+ \u,— k®\u,— k?
Vunuy

Kk
=-2

=—2 arcco% ) (30

is related to the difference of the reflection phases. We can
show that these two parts can compensate each other. To do

that we represent the phasg in its full form, wherel;
=2Rcos#, andk in Eq. (30) is replaced by its normal com-
ponentk cosé, # being the incidence angle. For simplicity
we introduce dimensionless variablgg=k?/u,, and x
=y cos(). In these variables the phagebecomes

d(x,y)= ai2 — 2 arccoss x?+ 1/s—x*\/1—x?]),
y

(31)

wherea=2HR/\Ju,, and s= \u,/u, are dimensionless pa-
rameters. IfR and s are given, sayR=1 m ands®=0.9
(according to[14] this is possiblg then we can choose the
external fieldH to get¢<u in a sufficiently wide range af
andy.

In Fig. 1 the phaseb is represented in a wide range of
for y=1 anda=0.15, which corresponds td of the order
of 10°° G.

The result is presented in Fig. 2 for the same parameters as in
Fig. 1, and foru=0.1.

It is seen that in a sufficiently wide energy range the ef-
fective number of collisions is larger than 10, which accord-

ing to Eq.(12) means high efficiency of the UCN experi-
ment.

C. Nonideal vessel

It is clear that with the same parameters as those found for
the ideal bottle we have good conditions for a storage experi-
ment even in a nonideal bottle with rough wall surfaces and
with the gravity field included. Indeed, we can easily repre-
sent the totah componeniB,,,_; before themth collision, if
just before the first collision with the wall the neutron is in
the statet,:

ji—1 m

m
>
i=2

Brm-1= "‘“)iﬂl en<i>pn<i>i[[j en(i)pnli)
251 en<i>pn<i>]_§2 a(j)i[[j q(i),
where
% /‘\
Meﬁ(y):
8/,

06 065 07 075

¥

08 085 09 095 1

FIG. 2. M4(y) for a=0.15,s°=0.9, andu=0.1.
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i
el
P25

FIG. 3. Diagram ofn accumulation in storage vessel.

a(i)=pp(i)e(i)y(i), (i)

Hy .
WSIH

Ii>
Hil,

q(i)=p(i)expi ),
en(i)=explikqli), en(i)=explikql;),

[; is the free flight path in the flight before théh collision
with the wall, p, (i) are reflection amplitudes with angles at
the (i —1)st collision of

pn(i)=expix.lil),

e(i)=explikl)),

pa(i)=p(i)explixq[il),

I : :
p(i)=|pa(i)], $i=Hp +xalh)—xn(D),

and we sek,(1)p,(1)=1 andp,(2)e (2)=1.

All that can be illustrated by Fig. 3, where the horizontal
line represent the Neutron in the staie. The points on it
represent collision moments, and the segment afteritthe
point represents the phase facey(i)p,(i). The vertices

a(i) represent th@ component created by the Neutron after

theith collision with the wall. The inclined lines represent

the history of then component: the points on them are the
collisions, which correspond to multiplication by, and the
segments after them are phase factys).

The set of points on the vertical line at thih collision

represent the coherent su@y,_; of all thchomponents
surviving to this point.
The fraction ofn registered during storage is

2

M m m
No=| 2, wm 2 a(D]l o] .

where w(m) is the absorption probability at thath colli-
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M

>

|=2

M

a(j)iljj q(i)

2
”

N—

n

Thus

2
+

M

>

i=2

M
a(j)iljj q(i)
(33)

m 2

wm 2, a(i)1] ath)

m

M
No=| X
m=2

and it is easy to check that E3) is reduced to Eq(27)
when allm(m) andq(i) are equal.

The flight pathsl; and angles at reflections are random,
and thereforgy(i) are also random variables; however, for
small x and smallH~10"° G, all the phasesp(i) are
small, and we can replaag(i), w(i) with (q)+45q, wu(i)
=(u)+ épr, where(x) is an average value ofand éx is a
random variable with zero average. Calculations with aver-
age(u) and(qg) will give the same result as for the ideal
spherical bottle, and the corrections relatedStpSw, even
for large dispersiong(89)?)~(q)?, and ((Su)?)=(u)?
will not spoil the result essentially.

IV. CONCLUSION

In this paper we derived a figure of merit for an UCN
experiment compared to a beam experim@a), and inves-
tigated the requirements to get high efficiency of the UCN
experiment.

We investigated also once again the effect of UCN colli-

sions with the wall oerroduction. We found that collisions

can even produce the component; however, the probability
of such productiofEq. (21)] is negligible.

We considered also the effect of absorptighe coeffi-
cientu) and of the phase differenceg of the n andn com-
ponent propagations and reflection from the walls. We
showed that the effective number of flight89) M.¢; be-

tween collisions, during which the component is accumu-
lated, can be largeVlg¢sc1/u, if ¢=<pu, but becomes small,
Mere <1, whenop> w.

We have also shown that with an external magnetic field
we can control the phase differengeand reduce it to get
high M¢¢¢ in a wide range of UCN spectra inside the storage
bottle, as is shown in Fig. 2.

Our considerations confirm and give additional support to
the results of6,7].
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