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DEFINITION OF RESULTING ANGLE OF THE DEVIATION AFTER THE PASSAGE OF
NEUTRONS THROUGH THE CRYSTAL

S.G. ABDULVAHABOVA, D. MASTI
Baku State University, Z. Khalilov Str., 23, Baku, Azerbaijan

The present paper is dedicated to the consideration of passage of neutrons in the crystal. The expression for intensity distribution is
obtained by the method of the multiple scattering theories. The received results are applied to calculation angle of the deviation of neutrons
by nucleus of the crystal. Here is shown that at the large angle of the deviation, the intensity of distribution decreases with reduction of angle
much more slowly, than till Gaussian® law. The received expression for the angle of the deviation of allows defining of the impulse of the

neutron.

After the second act of scattering (on other nucleon) the
particle moves in a direction, are defined by polar

(4.0:)
scattering bunch or angles (4,¢)

angles (4,,p,) concerning a direction of

occurring once
concerning falling bunch ,i.e:

cos§, =cos Y, cosP+sin G sin Fcos(p, —@). (4)

To find probability of that after two consecutive,
independent impacts the deviation of a particle will lay in a

solid angle  d@ =sin$d%3de , it is necessary to
integrate  product on W (% ,0, Wi (S, ,p,) all
9, at the fixed values$ and@. Decomposing

on P (c0sY, ) attached Legendre’s polynomial:

P™(cosd, )exp(ime, ) and
R"(cos9)exp(img).

For probability it is found:
1 2
W, (8, p)de2= D (2 +1)( g, )?R(cos$)d2 (5)
T

Similarly, for probability of a deviation in a solid angle
dQ = sin3d3dg after n collisions it is had:

W,(8,¢)d2 == 3(2 +1)g, ) R(cos9)de2 ()
T

Let's designate through W(n) probability of that passing

1. Introduction

At the analysis of angular distribution of the thermal
neutrons disseminated by a layer of substance, there is a
problem of finding resulting angle of the deviation after
consecutive collisions with nucleus of substance. Many
authors considered this problem approximately [1-3]. In
works [1-2] unitary scattering is considered and it was not
required any approach. In work [3] passage charged through
substance is investigated and the theory for small angles and
only for screen Coulomb’s fields is resulted. On the basis of
the theory of multiple Watson scattering [4], we deduced a
basic formula for distribution of intensity and we defined
angle of the deviation after passage of the neutron waves
through the crystal.

2. Formula for definition of the angle of deviation

At the analysis of angular distribution of coherent
neutron scattering, there is a problem to finding the resulting
angle 9 of the deviation after n consecutive collisions of a
neutron by nucleons of a nucleus of substance. The
probability of that in one act of collision a deviation of a

particle will lay in a solid, angle d£2 =sn3d9de is
equal:

wl(s,(p)dg:@dg (1)

where 0 (3)dQ and o are differential and full cross-

section, accordingly. We expand (1) over Legendre’s
polynom:

W, (9, ¢)dgz4i2(2| +1)g,P(cos9)dR2 (2
T

where:
through substance the neutron will test on the average n 1
collisions. Then the probability of that a neutron will deviate 9 =— I F’I (00519 )O‘( 9 )d 0 (3)
on a corner lying between 3 And 3 +59 , is equal: o
. 1 .
[(F)sindd9 = EZ(ZI + 1){ZW( n)(g, )”}R(cos&)sn&d@ 7
| n

V= tha(&)i() .

| The average of collisions v(%t) passage through a film the
thickness t, containing N, nucleus in unit of volume, will be
written down as:
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~exp[-v(1-g, )] (10)

> w(r)a,)

Considering last expressions, for distribution of intensity
at multiple scattering we receive: |

1(9) = %Iz(m +1)exp{— 27Nt[ (61 - R(cosH)]sin@dH}F}(cosS) .

or v >> 1 for W(n) it is possible to apply Poisson’s
distribution:
—Vv_ N

W(n):en;/

(€)

Thus, we get:

)

Let, further the q( @) attitude of cross-section o( @) scattering of a neutron on nucleus of a crystal to section on a free

nucleus 0, , i.e:

0
q0)=29 (1
Oy
o . 0 : .
Designating Y =Sl nE expression (11) will become:
1 1 dy < (k) 2k-3
1(9) ==>I(1+1 0)—->(-1) ——— d 13
®) =30+ D]aO) T -2 G a0y (13
9 Function (( y) possesses following properties:
P(cos9) ~ JO[(I +1/ 2)3]: J(G—J (16)
’ q(0)=0, o(y)=1 for y>y,, (14

It is possible to replace summation on | in (13)
integration. With this purpose we use Euler-Maclaurin’s
formula:

< 1
f(n+1/2)=|f dx+—Ff'(0)+.. @7
|2(+ )g(x)x+24()+ 17

Whence at scattering on angle €, greater of some angle

6,, little. I

integral jq( y)y*“dy, k> 2 to approximate ¢(y) expression:
0

influence of other nucleus a in

q(y)=1—exp(—lJ (15)
After enough bulky calculations, in the first Born’s Yo
approach we receive: | andto put:
2 2 2
J(9)~ I 1-8)|1 % _1n? |3 £ dé =exp ) (18)
4 4 )\ 0, 9?
where: ! starting point of calculation. (18) corresponds flat wave to
Vv — 23 92 pulse approach in which scattering on separate particles is
f=— .97 = 92(1 jln (19)  considered independently, thus we completely ignored
c B influence of other particles. In more perfect variant by
02 consideration of scattering on a separate particle, the account
At greater angles  9/4, .(In 40 >4  function of influence of the others is reduced to introduction of

J(9) decreases with reduction ¢ much more slowly, than

on Gaussian® law, and following members in (17), arising in
the second and higher Born’s approximation, become
essential. Expression (19) allows defining an impulse of a
neutron from data about an average square a scattering of

angle 9?2

4. Conclusion
The theory of multiple scattering has served in work as a

distortion of wave functions of a disseminated particle. As
scattering the ideal harmonious crystal has been considered.
For thermal neutrons because of small depth of their
penetration into a wall of a crystal it is necessary to consider
carefully influence of structure of the surface limiting
disseminating environment on behavior of the neutron wave
received. In the first Boron’s approach expression for the
angle of scattering allows to define a parameter of refraction
of a neutron wave on a crystal and this to serve as object for
the further researches.
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NEYTRONLARIN KRISTALDAN KECMOSi ZAMANI SON DONMO BUCAGININ TOYINi

Is neytronlarin kristallardan kegmoasinin todqiqine hosr edilmisdir. Coxdofali sopilmo nozariyyasi osasinda intensivliyin
paylanma funksiyasi {igiin ifado alinmisdir. Alinmis ifads neytronlarin kristaldan kecorkon kristalin niivolorindon sopilmosinin
son dénms bucaginin hesablanmasina tatbiq edilmisdir. Miioyyon edilmisdir ki, boyiik bucaq altinda donmo zamani intensivlik
bucagin azalmasi ilo Qauss ganuna nazoran az azalir. Dénma bucagi ticlin alinmis ifado zarraciyin impulsunu toyin etmoyo
imkan verir.

C.K. AoayaBarat6osa, JI. Mactu

OINPEJIEJIEHUE PE3YVJBTUPYIOIIETO YIJIA OTKJIOHEHUA MMOCJIE MMPOXOXXJIEHUS HEUTPOHA
YEPE3 KPUCTAJLII

Hacrosmas pabora IOCBSIIEHa PACCMOTPEHHIO IPOXOXKACHUS HEHTPOHOB uepe3 KpucTaul. Ha OCHOBE MHOTOKDATHOTO paccesHUs
ObLIO MOJTYYEHO BbIpaXkeHHe Ul QYHKLIUH paclpeeIeHns] HHTEHCUBHOCTH. [Tosry4eHHbIe pe3y IbTaThl IPUMEHSIOTCS K BBIYMCICHHUIO yIa
OTKJIOHEHHMs YaCTHUIIBI Ha Afpax kpucrtamuia. [lokazano, 4To mpu GONBIINX YIriax OTKIOHEHHS MHTEHCHBHOCTD PACNpeeieHHs yMEHbIIAeTCs
C YMCHBIICHHEM YIJIa 3HAUUTENHFHO MEAJICHHEE, YeM II0 rayCcoBOMY 3aKkoHy. [lomydeHHOe BBIpaskeHHE IS yIia OTKIOHEHHMS IO3BOJSET
OTIPEAEINTD UMITYJIEC HEHTPOHA.
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