


Introduo‘tlon

" The phenomenon of the locahzatlon of quantum states in random‘_ ‘
s medla was first, dlSCI’lbed years ago by Anderson in’ h1s famous:
- paper [1 1= He con51dered the’ quantum mechamcal d1ﬂ'u51on of .
““electrons i in d1sordered solid and found that electron dlffuswn 1s;_;‘
absent in’ certam random lattlces Thls dlscovery has'its: W1dest SR
‘and most strlkmg exper1mental mamfestatlons in the transport_ R
: propertles of electron ‘in- condensed matter systems (2] Tt was
" .. Tecognized that a ‘numbet of phenomena may be. understood in
e 3 terms of the locahzatlon of electromc wave’ functlons in space S
The dommant mechamsm for the locahzatlon of states i ina .
o random medlum 1s. coherent multlple scattermg and quantum in- -
g terference Therefore the locahzatlon effect. should also be: ofi;
1mportance in other wave phenomena “This - ‘Was demonstrated B
Bt theoretlcally [3] by con51der1ng class1cal wave equatlons and then
~ it was noted- by several authors.[4,°5, 6, 7] that locahzatlon oy
s should occur for classmal waves of- dlfferent natures (electromag- Ty
~ netic; acoustlc) propagatlng in a dlsordered medium. Up to’ now e
only the precursive effects of locahzat1on 1n the form of the en- I !
S fhanced backscattermg of V131ble hght by aqueous suspenswns of 5e
R polystyrene spheres have been observed [8, 9. This. regime of,
weak Iocahzatlon is the best one understood theoretlcally be—' :
- cause perturbatlon technlques are apphcable In ehperlments on
: ;'{‘the propagation’ of v1S1ble [10,11] and’ microwave range elecro—, S
: /magnetlc radlatlon [12 13] the ev1dence of nonclassmal dlffusmnf »

E Was/found

Durmg the last decade the theoret1ca1 and experlmental 51tu-f L

ation regardmg the localization of classmal waves (hght sound), S
’WB.S extenswely d1scussed but 1o ﬁnal predlctlon was  made "/
. for .the problem of wave: transport in the localization ) regime. .
- The complete theory of locahzatlon is stlll lackmg It has been‘ LenlT

RSN AL
SN S

N

',F:' fi(‘:m“ m‘ozfress ‘has == ¢

.' ~’1solved for the one- d1mens1ona1 case an 1ot

been achieved in two-dimensional localization theory. For three-
dimensional case, the situation is still undetermined. For exam-
ple no definite way has been proposed to calculate the density
of states or the value of the localization length for an arbitrary
disordered medium. ,

Traditionally, during wave propagatlon in dlsordered media,.
scattering takes place in scales much longer than the wavelength.
In this classical diffusion limit, in which &I > 1, where k is the
wave vector and [ is the elastic mean-free path, the phases of scat-
tered waves are uncorrelated and propagation may be described
in terms of diffusion of the particle density. The diffusion coeffi-
cient in this case is D = vl/3(1— < cos8 >), where I/(1 — cosb)
is the transport free path length, . Localization of waves may
occur when the scale of coherent multiple scattering is reduced
to the wavelength: k! ~ 1. In this case (the strong scattering
regime) extended correlations in scattered waves lead to distruc-

-tive interference, which reduces the average transport rate, and

the diffusion coefficient is determined by the scale (I—I;) instead
of I, where according [14] I. ~ k¥~'. When [ reaches a critical
value [, the waves are localized in the sense of Anderson [1] that
D(L) — 0 as L — oo, where L is the sample size. Experimental
evidence of localization manifests itself in the special character
of the transmission T' of an inhomogenious layer of thickness
W in the presence of incipient localization, which changes from
T = I/W, (classical diffusion) to ({/W)? (critical regime), and
then to (I, — )2 /W? - ezp(—W/Lisc). .

2 Proposed method

B.Meshcherov [15] proposed experiments for transmitting. neu-
trons through inhomogenious media for the purpose of demon-
strating the localization phenomenon for neutrons. The neutron
energy convenient for observing the localization is in the ultra-
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cold range (E ~ 107 — 10~%¢V), for which the refraction index
n = (1~ k3/k*)!/? maximally differs from unity and scattering
from inhomogeneities of the media is the strongest. The local-
ization state is not reached in this type of experiments as the
wave is almost totally reflected from the region of localization
and penetrates through the sample only due to the exponential
tail of the localized wave function ¢ ~ exp(—z/Li,.).
Transmission experiments may be extremely difficult to per-
form and may be not decisive, especially in case when the lo-
calization length is not very great. For example, if L, <
(102 ~ 10%)k™! ~ (1 — 10)umk, at a sample thickness of only
(10 — 100)pumk, the transmitted intensity will be e~° of the pri-
mary beam flux. An additional serious problem is to have a very
thin homogenous (without holes) sample. On the other hand,
for very large localization lengths, of the order (10° — 10%)k~! ~
(0.1 — 1)em, the exponential dependence of the transmission on
the sample thickness may be determined by inelastic UCN losses.
In this article we would like to propose another type of exper-
iment, where it may be possible to form the localized state of a
neutron directly. This may be achieved through inelastic down-
scattering of the beam of slow neutrons in disordered media. Ac-
cording to the sense of localization of the particle, its probability
density exponentially decays outside a certain “region of local-
ization”. Localized particles have exponentially small chances of
runnning away from a random system. Any particle outside the
localized energy band has an exponentially small probability of
getting inside a random system. Neutrons localized in this way
may be captured or inelastically upscattered to the thermal (or
cold) energy range with a time constant dependent on the corre-
sponding cross sections: T = (Xini-0;-v)™| where n; is the mean
number per cm?® of atoms with the cross section 0i, v 1s the neu-
tron velocity, and ¢ = 0y, + 0, is the sum of upscattering and
nuclear capture cross sections. The most convenient substances

for realizing such experiments are strong coherent neutron scat-
terers with low capture and upscattering cross sections (at low
temperatures). The calculated time constants are given in Table
I for several substances with their effective Debye temperatures
Tp [16] and corresponding sample temperatures T,. In these cal-
culations, the density of the disordered medium was taken to be
one tenth of the normal density, the temperatures of the sam-
ples were chosen such that the upscattering cross sectioqis ap-
proximately equal to the capture cross section, the former being
calculated in the incoherent one-phonon approximation [17] with
experimental frequency spectrum [18] for beryllium and graphite,
and Debye frequency model for BeO and deuterium. For D,0O
and C'O,, the “optimal” temperatures were not calculated in this
work. It was assumed that the frequency spectrum and Debye
temperatures do not change significantly in the disordered forr¥1.
The sample temperatures may be taken only for orientation in
view of mentioned approximations.

Table I. UCN mean life times in some substances.

Substance Be BeO C(graphite) D, D,O CO,

Tp(K) - 1200 - 114 - -
T(K) 98 130 72 5 - -
(ms) 25 38 58 850 550 260
Tais s (ms) 19 25 33 69 69 58

_After irradiation of the sample in a beam of slow neutrons, the
beam is closed and the time dependence of the upscattered neu-
trons intensity is measured with neutron counters located around
the sample. In order to distinguish true localization from clas-
sical diffusion, the sample must be performed in such a man-
ner that diffusing neutrons are captured significantly sooner in
the case of diffusion than in the presence of localization, when.
the particle does not leave the microscopic site the size of the:



localization length. Two possible sample arrangments are pos-
sible: with one- and two-dimensional arrangements of the neu-
tron absorbers inside the sample. In the first thin plain foils
of proper absorbing material are placed between thin layers of
disordered media. In the second, the disordered media has a
form of thin long cylinders inside the absorbing casings. The
Fourier method calculations of the nonstationary diffusion of par-
ticles, homogenously distributed over the volume, to the absorb-
ing boundaries, give the following characteristic particle density
decay time constants: 7, = [v(1/l, + 72l;/3d*)]"! for the first
case and 1, = [v(1/l, + 4a?l,/3d?)]"! for the second. Here v is
the particle velocity, [, is particle mean capture length, d is the
thickness of the disordered layer in the first case and the cylinder

diameter in the second one, and o = 2.405 is the first root of the

Bessel function Jy. In the fourth row of Table I, the calculated
UCN lifetimes are shown, accounting for neutron diffusion to
the absorbing boundaries for one-dimensional case: v = 10m/s,
d = 0.05cm, [, = 10~%cm.

The density of trapped (localized) neutrons may be estimated
using the following expression for the rate P(Eycy) of UCN pro-
duction into the unit energy interval:

P(Eyon) =n [ 8(E)o(T, E — Evon)dE - p(Biszy), (1)

where ®(E) is the primary neutron flux density, o(T, E — Eycn)

is the cross section of the downscattering of neutrons with energy

E in the primary beam on the nuclei of the sample into the
unit UCN energy interval, n is the mean number per cm? of the
sample, and p(E¢y) is the density of localized UCN states.
Table II gives the values of P(Eycy) for several substances
at corresponding "optimal” temperatures T,. The final energy
is 0.525p€V, (v = 10m/s), the UCN energy interval was taken
as 0.1ueV, the density of samples was taken as one tenth of the
normal density, and the primary neutron flux had the Maxwellian
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form ®(E) = ¢o- E-ezp(—E/E,)/E?, with ¢ = 10'°n/cm?/s and
E, given in Table II. The localized UCN density of states is not
known, so we took it to be equal to the density of states for a
free neutron.

Table II. The rate of UCN production in the energy interval
~ 0.1ueV at Eyony = 0.525ueV.

Substance Be C(graphite) D;  BeO
T,(K) 98 72 5 130
E,(meV) 25 25 4 30

P(s - cm3- 0.1peV)"! 032 007 13 0.1

The present proposal is related to the paper published years
ago [19] that proposed trapping neutrons in samples with micro-
pores. The proposal was made in connection with experiments
[20] (later proven to be incorrect [21]) for observation very long
(tens of sec) lifetimes of slow neutrons in LiF crystals. The differ-

" ence between these two variants may be seen in fig.1. The UCN.

with energies below the boundary energy Ey must be trapped
according [19] into micropores by tunneling from the thin layer
(thickness ~ A ~ IOOA), surronding the pore. Classically, in
not strongly disordered media particles with energy E > E, are
not trapped by medium. For strongly disordered media, multiple
coherent scattering at the potential fluctuations may lead to a su-
perposition of destructively interfering waves in such a way that
neutrons may become localized in the energy interval [Ey, E4).
As was mentioned, the theory of localization in its modern state
is not able to predict the value E; or the density of localized
states in this energy band.

The crucial question is the density of localized states in eq.(1)
which determines possible density of trapped neutrons. In case .
when the transmission experiments [15] are succesful the pro-
posed method of observation of Anderson localization may an-
swer this question.



Fig.l'a. The UCN with energies below the boundary energy
E, must be trapped according {19} into micropores by tunneling
from thin layers (thickness ~ A ~ IOO‘A) surounding the pore.
~b. For highly disordered media, multiple coherent scattering
at:the potential fluctuations may lead to a superposition of de-
structively interfering waves in such a way that the neutron may
become localized in the energy interval (Eo, Eil.
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: ~noxann3auun HGHTPOHOB HOKMMZ%OBHHHOC COCTOHHHC MO)KCT 6blTb 06p:’:/13083HO

‘ ;'cucremou CUETUHKOB, oxpyxaroumx 06pa3eu l'lpnsenenm lmcnemnne oueHKu

;;onnu

TToKOTHI0BCK M OH. oo s-l 1-El4-97-116 |-
K Bonpocy 0 BO3M0)KHOM sxcneprmeme ey SRR S
1o na6mo,uenmo aunepcouoscxou JIOKanH3ALHH HeHTpOHOB

3 Oﬁcyx(,aaercﬂ BO3MO)KHblH SKCHCPHMCHT l'IO naﬁmoneumo aunepcouoncxon

B npouecce Heynpyroro (co c6poc0M 3Hepmn) paccesnus rennosbrx MM XONOOHBIX
HEHTPOHOB B CHITBHO neonnoponuon cpefe ¢ HHIKUM ceuerueM 3axuara " Heynpymro
5paccemmﬂ ‘Bpems : Xu3nu. 3aXBaYEHHBIX (noxanmosannbrx) B cpene HeHTpOHOB
MOXeT GbITh: uamepeno Meronom pemcrpauun HeYIpyro- pacceﬂnnblx Hemponou

Boamoxuoro scpcbema

Paﬁora Bbmormena B Ha6oparopuu nemponnou dmauxu HMPIM(DpanKa
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;’On the. Questron of Possrble Experlmental Observatron bt
’of Anderson Locahzatron of the Neutron

5 A possrble experlment is’ dlscussed for observatlon of the Anderson ]ocahzatlon
of “the neutron.” The locahzed ‘state: may ‘be formed in the proceés of. melastrc
: downscattermg of thermal orcold neutrons in a hlgh]y drsordered ‘substance with low.

neutrons in'the sample is measured by countmg the upscattered neutrons wrth neutron -

to such an experlment are glven R R S
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The 1nvest1gatlon has been performed at the Frank Laboratory of Neutron
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