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Abstract: To describe the scattering of neutron wave by the density fluctuations of the crystal it has been
applied the optical potential. The discussion applies to the case where there is only one isotope of the
element. Studies of analytic properties of the scattering amplitude allow translating the results of the
axiomatic study of scattering by simple physical language.These formulas have been obtained under the
assumption that the imaginary part of optical potential is a local operator. The results are applied to the
calculation of refractive index of the neutron wave. It was determined that the scattering in density
fluctuations does not contribute to attenuation of the coherent neutron wave.
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1. Introduction

Nuclear processes with low energy neutrons make up the most-studied field of physics of
nuclear interactions. Made substantial progress here is associated with the emergence of high-
quality experimental information on the energy and angular dependence of the corresponding
sections and with the apparent success of the theoretical interpretation of the data. The presence
of intense thermal neutron fluxes from stationary reactors allows to measure small cross sections
[1]. But it should be noted that the possibility of obtaining full information in studies of low-
energy neutrons are limited, and there is not a full understanding of the mechanism of interaction
of neutrons with matter.

Passing through matter, neutrons cause various nuclear reactions and elastically scattered
by nuclei. The intensity of these microscopic processes ultimately determines all the
macroscopic properties of matter, such as slowing, diffusion, absorption, and etc. Since the
neutron has zero electrical charge, it almost does not interact with the electrons of the atomic
shells. Therefore, the atomic characteristics of the medium do not play any role in the spread of
neutrons in matter. This is purely a nuclear process.

2. Passage of the neutron wave through a matter

The process when neutron are scattered by matter, can change the momentum and energy
of the neutrons. In a crystalline substance atoms are arranged in an orderly manner in space.
Neutron waves add up the point of observation in accordance with the laws of interference if the
phase difference between the scattered waves is constant (coherent scattering), we can observe
the pattern of alternating in the space diffraction minima and maxima. If the order in the
arrangement of atoms is broken, scattering will not be coherent.

Consider the passage of neutrons through a crystal. The discussion applies to the case
where there is only one isotope of the element.

Refractive indices for neutron is close to unity and difficult to measure its. If the plate has
a thickness d and refractive index n the neutron wave undergoes a phase shift and exits in the
form of

Wk(z S d): gik(z=d)+nkd (1)
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Here k momentum of neutron after scattering.
Now suppose that the plate substance contains of N localized impurity - scatters and these
centres scatters spherically symmetric wave with the scattering length a,

1 (6 —=)lk for |6 —n|<<1,
a' :m:{d/k for |o] <<1. @
where oi scattering phase.
Then, for the z>d the wave can be expressed as
v (z>d)=e* —aNd2z[rdr ei:r : (3)
The integral can be easily calculated using the coefficient convergence exp(-ar) (@ >0)
Te‘”dr = IimTe(‘k“")'dr =—eikz , (4)
) 002 ik
so that
ikz
://k(z>d):e”‘z—27za|Ndi—2 5)
If (1) submit in the form
v (z>d)=e"[L+ik(n-1)d] (6)
and compare with (5), we obtain
n—1:—27za|Nki2 (7)

If the scattering is not spherically symmetric, which corresponds to the amplitude f (6), we

obtain:
1

where f(0) forward scattering amplitude because the refractive index describes the propagation
of waves in the forward direction.

Consider the effect of the inhomogeneity of the crystal with the volume V on the
distribution of coherent neutron wave. Inhomogeneity can be caused by dynamic density
fluctuations, and be statistical in nature. Fluctuations in the density of the scattering material
cause neutron scattering wave.

We define the scattering cross-section of the fluctuation of the N localized impurity -
scatterers. In those cases where the neutron wavelength is large compared to the size of the
impurity following model can be used [2]

on(r)=Lom(r -R,), ©

where o7 - random density fluctuations, Ri the radius vector of the centre of gravity of i
impurity, and d7, describes the action of one of the scattering centre.
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Neutron scattering wave can be taken into account by choosing the real part of the optical
potential in the form of:

SU, = (27421 1) < 5y > Re £(0). (10)

Here brackets <...> denote averaging over the distribution of static states of the scattering
system. Averaging over configurations of the scattering nuclei, ie, at the equilibrium position is
an independent operation only in case of the crystal.

Similar to (10), can select the imaginary part of the optical potential

M, = 2a1% 1 x) <5y > Im £(0). (11)

The imaginary part of the potential is models the inelastic processes related to elastic
scattering and determines the weakening of the coherent wave in the entrance channel. In
general, optical potential is nonlocal and depends of neutron's energy. For thermal neutron the
dependence of energy and nonlocalness of the optical potential is very little effect on the
propagation of a neutron wave in the crystal.

According to the optical theorem

Im f(0) = —K (0 + 0 ) 47 (12)

where referring to [4]
T = NV (7)), (13)
e = Noy NV <(s7)° >, (14)

O, Cross section of absorption and o, cross section of inelastic scattering. Elastic scattering

related unitarily condition with all inelastic processes. Since the cross section of inelastic
scattering in the approximation of a heavy target is proportional to the cross section of elastic
scattering [3].

Elastic scattering cross section is equal to

oa (k)= [|f(k.0) a2, (15)

and expression (15) can be represented as a series expansion in the multiplicity of elastic
scattering

oy (k)= Nlﬂf(k,9)|2dQ+%Idk’|f(k’)f(k —k)dQ+...., (16)
where
Ni :i_ exp(-o,6nr) dr. (17)
o, !

Here o, a total scattering cross section, related to the scattering center:
2
Vv
o, =4r— (ﬁ] (18)
Vo \\ 10
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where V, - the volume per one scattering nucleus, and i- the number of scattering nuclei per unit
volume of the crystal.

These cross sections (13), (14) and (15) describes the processes in which the number of
particles in the scattering system remains the same, namely, elastic scattering, the scattering of
particles with excitation and scattering the scattering system, accompanied by partial or total
decay of the scattering system.

Optical theorem relates the refractive index of substance with the scattering cross section
of individual atoms and nuclei of which consist the material.

If the refractive index contains an imaginary part, it is necessary to divided (8) into two
parts: real and imaginary:

27N

2

Re(n—1)=“""Re f (0); Imnzzkﬂi\llm f.(0) (19)

Imaginary part of the refractive index determined by the condition of the decreasing the
particle in the channel of elastic scattering.

Determining the effective cross section by the optical theorem (12) for the imaginary part
of the refractive index obtain the following expression

2 2
Imn = 27 [@j . (20)
k o

At kf, (0) <<1the imaginary part of the scattering amplitude is small and the refractive

index can be considered real. Thus, in this case, scattering in density fluctuations does not
contribute to the attenuation of the coherent neutron wave.

Knowing the effective wave number of the neutron wave in the medium and the
refractive index can be calculated reflection and transmission coefficients for the neutron wave
for the finite-volume substances.

3. Conclusion

These formulas have been obtained under the assumption that the imaginary part of the
optical potential is a local operator. If do not resort to this hypothesis, have to deal with the time-
consuming calculation of the sum of the vectors of the crystal lattice.

The above discussion applies to the case where there is only one isotope of one element
present (especially an element with zero nuclear spin), however practically all real systems will
have a distribution of both elements and isotopes of those elements. Moreover for thermal
neutrons due to the shallow depth of penetration into the wall of the crystal must carefully
consider the effect of the surface structure. The crystal surface is two-dimensional defect,
distorting the frequency spectrum of vibrations of atoms located in the surface layer of the
lattice.
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OIIPEJEJIEHUE IMTOKA3ATEJIA MPEJOMJEHUS HEUTPOHHBIX BOJIH B
KPUCTAJIJIAX

C.I'. AdpyaBaradoBa

Pestome: 1 omucaHus paccesiHAS HEUTPOHHBIX BOJNH  (UIyKTyalueld IUIOTHOCTH KpHCTala
IPUMEHSETCs] ONTUYECKUil noTeHuual. VccinenoBanue MpoBOIUTCS [UIA Cllydasl, KOIrZa JIEMEHT HUMEeT
TOJIBKO OAMH M30TON. M3ydeHne aHanuTUYeCKUX CBOMCTB aMIUIMTYAbI PACCESIHUS MO3BOJISIFOT IEPEBECTU
pe3yibTaThl aKCHOMATHYECKOTO H3YYCHHS! PACCEsHHS C IMOMOIIBI0 MPOCTOro (PU3MYECKOTo S3BIKA.
®opMynbl OBIITM TOJTYYECHBI B MPEANON0KEHUH, YTO MHUMAs 9acTh ONTUYECKOTO MOTEHIMAJA SIBIAETCS
JIOKAJIbHBIM OTepaTopoM. Pe3ynbTaThl HpPUMEHSIOTCS I BBIYMCICHHS TIOKa3aTelsl MPEeTOMIICHHUS

HEUTPOHHOH BOJHBL. BbUTO ompeneneHo, 4To paccesHue Ha (IIYKTYalHsX IUNIOTHOCTH HE CIIOCOOCTBYET
ocnabIeHuI0 KOTepEeHTHOW HEUTPOHHOM BOJTHBI.

Knroueswie cnosa: PaCCGHHI/Ie, MMonepeYHOC CEYCHUC, ITOKA3aTCIIb IIPCJIOMJICHU, (I)J'IYKTyaLII/IH IIJIOTHOCTH.

KRiISTALLARDA NEYTRON DALGALARININ SINDIRMA OMSALININ TOYINi
S.Q. Abdulvahabova

Xiilasa: Neytron dalgalarinin sopilmoesini kristalin sixliq fluktuasiyasi ilo tosvir etmok {igiin optik
potensial totbiq olunmusdur. Todqgiqat elementin yalmz bir izotopa malik oldugu hala aid edilir. Sopilma
amplitudasinin analitik x{isusiyyatlorinin 6yronilmasi sapilmonin aksiomatik tadqiqinin naticalarini sada
fiziki dillo ¢evrilmasina imkan verir. Formulalar optik potensialin xoyali hissasinin lokal operator olmasi
yaxinlagsmasinda alinmisdir. Noticolor neyton dalgasinin sindirma omsalinin hesablanmasinda totbiq

olunur. Miiayyan edilmisdir ki, sixliq fluktuasiyalarindan sspilmolor koherent neytron dalgalarinin
zoiflomasine gotirib ¢rxarmur.

Acar sozlar: Sopilmo, en kasiyi, sindirma omsali, sixliq fluktuasiyast.
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