


1 Introduction
The property of the neutron to be reflected from the interfaces of
media has found broad application'in‘experimental neutron physics. For
a long time this property has been employed to form neutron beams us-
ing mirrors and neutron guides for research reactors [1,2,3]. It has been
about ten years since this property was first applied to the investigation
of physical properties of surfaces and thin films.  Now, the method of
neutron reﬂectometry is' widely used in the physics of surfaces (see, for
example, the proceedings of recent conferences dedicated to the inves-
tigation of surfaces with X-rays and neutrons [4,5 6]) ‘In recent' times,
almost all leading neutron centers in the world have built or are build-
ing neutron reflectometers." Since 1989, a neutron reﬂectometer (SPN
[7]) has been’ successfully operatmg in-Dubna, and now, the construc-
tion of a two-reflectometer complex; with unpolarized (REFLEX 1) and
polarized (REFLEX-2) neutrons, [8]-is nearing completion. - :

“ This paper was stimulated by a discussion of the experimental pro-
gram for the ET-RR-1 réactor of the Atomic Energy Authority of
Egypt held under the auspices of the agreement for cooperation between
AEAE and the Jomt Institute for Nuclear Research (JINR). Herein is
'a proposal for the creation of a reflectometer for the ET-RR-1 reactor.
Section 2 briefly explains the ideas and pos31b1ht1es of neutron reflec-
tometry. Section 3 outlines the details for a neutron reflectometer that
could suit the particular conditions of the ET- RR—l operatlon

2 Neutron Reﬂectometry

Reﬂectometry, in the fullest sense of the word is a comblnatlon of
all methods for lnvestlgatmg plane 1nterfaces by the means of analysis
of the specular reﬂectlon of beams of molecules atoms, partlcles or elec-
tromagnetlc radlatlon from an 1nvest1gated boundary Under neutron
reflectometry, one includes the combination of methods for 1nvest1gat—
ing plane 1nterfaces of medla which have as a ba51s the neutron optical

phenomenon of specular reﬂectlon of low—energy neutrons (£ 10-! eV)
- with small grazing angles (10 3, ~ 10"2rad) lncldent to the interface.
Neutron reflectometry (hereafter referred to as "reflectometry”) is clas-
sified by investigated objects into reﬂectometry of non-magnetic media
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and reflectometry of magnetic media. The first uses beams of unpolar-
ized neutrons (reflectometry in the full sense), the other — beams of
polarized neutrons (polarization reﬂectometry) ‘With the methods of

reﬂectometry one studies the depth profile of the neutron-opt1cal nu-

clear: potent1al Unuel, along the normal to a surface, and the objects
',are liquid, crystal or amorphous samples in the form of a massive plate,
" thin mono- or multi- layer films on a massive substrate. The polar1za-
tion: reﬂectometry 1nvest1gates the behav1our over depth of the vector
‘of local magnetization, in partlcular, the pecuhar magnetlc propert1es
, of a near-surface (> 10A) area of ferromagnet1cs or ideal d1amagnet1cs

= superconductors Here, as a. rule the object : is a masswe plate ora.
L th1n film on a substrate

Recently, reﬂectometry has been developed as_one of the methods
'us1ng neutron sources for- 1nvest1gat1ng condensed matter F1gures 1
and 2 show the principle : schemes of :these two. types of reﬁectometers,
In- F1g 1, a beam of thermal neutrons. (n) from .a_source is formed by

- absorbing . d1aphragms (colhmators) (1,2) and falls on-the surface of a
~sample (3) at a grazing angle, §, (~ 1073+ 107 2rad) with an uncertalnty
o ’Ailof 60/0 ~ (1+5) % 10~2 The specula.rly reﬂected neutrons are registered
~_by a neutron detector (4). In the polarization. reﬁectometer (Fig.2) the
“incident beam is polarized in a neutron polarizer (1) prior to reflection.

The sample:(6) is placed in the gap of an electromagnet1c system (5) (it

may bea system of Helmholtz coils) that creates a magnetic field in the
'sample and also permits-one to change. both the field d1rect10n and/or

~value. The, electromagnetic system. performs two 1mportant functlons ‘

a) produces a magnetic field action in a sample; and b) sets up a certain
direction of magnetic polar1zat1on P of neutrons incident with respect
to the surface of a sample. The latter (b) is ensured by the adiabatic
,.ibehav1our of neutron spin in the gu1de magnetic ﬁeld of the system.
A _special - electromagnet1c device — a spin- fhpper — (4) changes the
‘s1gn of polar1zat1on in an 1nc1dent beam. A change in the’ angle 6 i is
accomphshed by mechanlcally rotat1ng the mirror. A movable detector
:perm1ts measurement of both a reflected and an 1nc1dent beam. In the
latter case the sample is removed from the beam by rotatlng it. A dif-

: ference in coordlnates of the detector, correspond1ng to ‘the maximum
cof dlrect and reﬂected beams enables the angle 29 to be determmed S
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- Fig. 1. The pr1nc1pal scheme of a neutron reﬁectomete1 1,2 —ab-
sorb1ng d1aphragms '3 — a sample, whose surface is irradiated with a
narrow-collimated beam of thermal neutrons 4 — a detector for regis- -
tration of the neutrons specularly reflected from the surface of a sample. )
The typ1cal distance from d1aphragm 1 to the detector is 3 10 m

Fig. 2. The pr1nc1pal scheme of a pola.rlzatlon neutron reﬁectome— .
ter. 1-a polarlzer for thermal neutrons, 2 — absorblng dlaphragms,
3 — permanent magnets for adlabatlc gmdmg of neutron spin, 4 —
a spin-flipper: ‘which provides, when on, the reverse of the polarlzat1on

vector  with respect to the leadmg magnetic : ﬁeld 5-—a system of
Helmholtz c01ls defining the direction of .the. P-vector w1th respect to
the sample surface, 6—a sample, T—a detector for reg1strat10n ofa
specularly reﬂected beam.: ,



with high accuracy. In the case of a liquid sample, 8 is changed by the
vertical displacement of the sample, not by rotating it.  Now, reflec-
tometers are upgraded by including one-dimensional position-sensitive
neutron detectors of high resolution (< 1mm) in their schemes, and by
the use of a multi-beam method for irradiating a sample. This method
uses two or more narrow beams, having different 6 angles, which are
registered separately after reflection [8,9].

In reflectometry the measured data are presented in the form of the
reflectivity R(k.) (see Fig.3,4) related to the measured intensity of an
incident, I,(k,), and a specularly reflected, I(k.), beam as: R(k,) =
I(k, )/Io(k ). Here k; is the normal to the surface component of the
wave vector of a neutron k(k = ksinf). In reflectometers operating
with a pulsed neutron source, the k, scanmng is accomphshed with
the time-of- fhght method over the whole thermal neutron spectrum at
a constant 6. For continuous beams, a monochromatic beam of neutrons
is used and the k, scanning is done by means of varying 6. Theoretical
interpretation of the function R(k,) is based on the solution of a sta-
tionary quantum-mechanics problem of the reflection of a scalar plane
neutron wave, e***%, from the boundary of a one-dimensional neutron-
nuclear potential U(z) = 47r(h2/21h)N(z)b(‘;),‘where U(oo) ~ 107 7eV
is the typical value, N(z),b(z) are the local (averaged over the plane
XY) densities of the scattering nuclei and- their neutron scattering
lengths, respectively. In this way the shape of the potential, U(z),
is determined by the spatial (along z) peculiarities of the density and
the composition of a medium on a microscopic level (see Fig.3,4).

Reasons for the microscopic inhomogeneity of the U(z) potential (as-
sumlng inhomogeneities of the order of 10~1000A4") can be reduced to
surface mlcroroughness, dlfference in surface and bulk density, and sur-
face admixtures:-The same reasons, together with interdiffusion, cause
a smoothing of th’e‘meandeﬁng like potentials of thin-film multi-layer
structures 1 in the vicinity of internal inter-layer boundaries. . Actually,
the processing of experimental data consists of minimizing the differ-
ence, AR(k,), between the experimental and calculated reflectivities
on the basis of a model dependence on U(z) (a direct ‘problem). To
calculate a theoretical value for R(k,), numerical methods are applied
to solve the stationary Schroedinger equation with a model potential
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Flg 3. Neutron reﬂect1v1ty profile (see [10]) of the float- -glass faces,
1n logarlthmlc scale versus the normal neutron veetor component b =
27 sin 8/, at a. constant pohshlng tool - pressure. (P.= 0.5 bar) and
various mean grain sizes of polishing powder ®. The models used to

simulate the reflectivity profiles are shown in the inserts.
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Fig. 4. The experimental (see [11]) wavelength dependence of the
reflectivity R().) (X, = 2n/k,) from the surface of a sample (a plate of
the "float-glass” type made by pouring melted glass onto liquid tin); 1,
2 — coeflicients of reflection from the surfaces contlgous to tin and air,
respectively, during the manufacturing process. At the inserts: spa-
tial dependences of the U(z) potentials which help fit the experimental
R().) curves with the theoretical. The rough areas are shaded.

U(z). In the framework of a model of semi-infinite space in the region

CR(k) <1 (k> /U(c0)/(R?/2m) = ks,

where the Born approx1mat10n is valid, the problem is reduced to an
inverse one:

1. dU(z2)

R(k:) = Roflks) | 5=

exp(2ik,)dz |?,

where Ro(k,) is the;cqeﬁicient of reflection from a potential with an
absolutely sharp barrier:

Ro(k:) = k. = K,/ Ik, +

and where k, = k \/1 — U(oo)/(h2/2m) is the component of the wave
vector of a neutron in a medium, and m is the neutron mass. Frequently
used in this instance is the assumptlon of a Gaussian dlstrlbutmn for
the grad1ent of the potentla.l

1 dU
V(@) dz -

In this case, i.e., in the case of a diffuse boundary, for all k., a good
approx1mat10n is the formula:

R(k,) = Ro(k Jezp(—4k.k.0%). )

The lower limit value of o (see ‘formulas ' (1),(2)), reliably obtained
from an- experiinente.lly measured value of R(k.), lies in the area of
few angstroms. In the process of the reflection of neutrons from a thin
film which has a contrast with a substrate, i.e., where there is'a ‘poten-

=(1/v2 \/_ U)exp(—zz/ 20%). Y

.tlals dlfference of the film and the substrate, the dependence of Ronk,

acqulres an osclllatmg character (see Fig.5) caused by the interference
of waves reﬂected from the surface of the film"and its hiddeén bound-

'a.ry with the substrate. As a ‘result, the averaged—area. thickiiess of the

film equal to several thousand angstroms ¢an be determinéd with an

'accuracy ‘of the order of 1A.

Ferromagnet1c media have the’ qua.hty to pola.nze thermal’ neutrons
specularly reflected from “their ‘surfaces. The physical reason forthis
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Flg 5. The experlmental dependence of the reflection coefficient

R(X;) from the surface of a thin gold film dep051ted ona glass surface

by thermal spraying. At the insert: the shape of the neutron-optical
potentlal prov1d1ng the R()\z) fitting.

phenomenon is connected with the fact that the value of the interac-
tion potential Umag = —4n(p, M) of the magnetic inoment of a neutron,
fin, and the vector of local magnetization of a sample, M, is, as a rule,
comparable with that of the neutron-nuclear potential, U, .. Note that
Unag + Unua = U(z). The quantitative caracteristic for the process of
polarrzatlon following specular reflection is the vector of the polarizabil-
ity of a medium; which defines the value and dlrectlon of polarlzatlon in
a reflected beam. The Veéctors Q(k; ) and M ( ), (M, (z) is the projec-
tion of the M (z) vector onto the XY plane), are unamblgously related.
This fact forms the ba31s for derlvrng mformatron about M,(z) from
data on Q(k ) The evxdent consequence of Q being dependent ‘only
on the components ‘of M, lying in the plane of a film is the p0551b111ty
to separate the U,,mg(z) and Unud( ) contnbutlons to specular reﬂec—

‘tion by total magnetrzatlon of a film in a (hrectron perpendxcular to

its surface. The same procedure is used in drﬁ'ractlon to separate the
magnetic and nuclear contribution to neutron scatterlng ‘

~ The unambiguous- inter-relationship of Q and M, allows the ap-
plication of polarization reflectometry methods to the 1nvest1gatlon of
magnetization of thin films with an inhomogeneous over depth magnetic
structure. This is a unique quality of polarization reflectometry. Other

Lwell developed methods for mvestlgatlng magnetic films,allow erther a.
statement of the emstence and type of an 1nhonlogeneous state (the

spln wave resonance) or an estlmatlon of the thickness of .an inhomo-
geneously magnetized near- surface layer (on the level of 0. 1-0. 2um)
and the determination of the type of anisotropy in this Iayel (the Kerra
magneto-optical effect). The-well- developed methods of electron mi-
croscopy of the Lorentz or raster type cannot, in prmcrple, be applied
to the investigation of inhomeneous magnetic film depth profiles along
the normal to surface, as a contrast electron image appears, due to the
existence of magnetization inhomogeneities along the surface:
Consequently, in polarization reflectometry, one measures the inten-
sities of : reﬂected ‘beams:positively polarized Iy (k;) (spin-flipper off)
and negatlvely polarized I_(k,) (spin-flipper on). The sign of polariza-
tion is taken with respect to the vector, H of the guiding magnetic field
of the neutron path. The direction of H:at the sample position defines
the spatial direction of the P polarization vector of an incident beam.



The values I, (k, ) and I.(k;) are related to the scalar product of the
vectors P and Q(k.) via the relation:

s < I(k)— (k)
P'Q“I:(k)ﬂ_(k)'

So, to determlne the components Q.. of the vector Q(k.) for a given
sample, it is sufﬁc1ent to measure the intensities I+ (k;) in the P di-
rectlon along the XY Z-axes, respectlvely The procedure of restoratlon
of the M,(z) functlon of a ﬁlm is reduced to the fit of the ‘experimen-
tally measured components Q.y..(k.) of the medium’s polarizability
vector W1th their theoretlcal values calculated for a model distribution
M,(z). The method of calculatmg Q(k.) is based on the solution of
the quantum mechanlcs problem of the reflection of a spinor wave from
the surface of a magnetlc medium with an 1nhomogeneous dlstrlbutlon
M, (z) The solution allows the construction of a matrix, R, measuring
2 x 2 and connecting the spinors of an incident (ﬁ) tkzz and a scattered

(7) e~ wave: . .
(Z) - Il(ﬂ)'

Numerical ‘procedures have been- developed [12] to determlne the

Ri;(k.) coefficients of the matrix for the general case of an arbltrary

structure, M, =(2). The Q(k.) vector, which is measured exper:mentally,
is related to the R matrlx via a 51mple relation: ‘

- tr(RR+a)

Q tr(RR+)

where o is the vector with the. components Oz, ay, o, (the Pauli matrix),
and R* is the ermit- conjugated matrix.: An important consequence of
the non-collinear behavior of the M,(z) vector is the- -appearance of
the component Q, # 0, while for all types of collinear striictures, this
component is @, = 0. In addition, polarization reflectometry has been
successfully applied to the study of the London. penetratlon depth of a
magnetic field in superconductors: [13 14] ‘*
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3 The Scheme for a Neutron Reflectome-
ter.at a Steady State Reactor '

The main details of the proposed reflectometer (see Fig.6) are:

1. A vertical geometry for a sample.

2. Simultaneous irradiation of a sample with several monochromatlc
beams at different angles of incidence. S

3. Registration of reflected neutron beams with a one-d1mens1onal
position-sensitive detector. - el '

.Close to the reactor gate, a block of double—crystal monochroma—
tors (1) is installed to form a monochromatic beam of neutrons This
double-crystal ; monochromator has proved to be an effective device pro-
v1d1ng certain advantages in comparison with a smgle-crystal one. The
main advantage in this case is the possibility to reconstruct the neutron
wavelength without changing the direction of the bea.m thus preservmg
the condition of low background on a sample.

Simple removeable cadmium diaphragms (2) with a set of slits allow
division of a beam into two, three or more narrower beams of the re-
quired collimation, 68. The widths of the slits and the distance between
them are chosen to meet the requirements.of an actual experiment and
ensure the necessary angular resolution of §6/6 and the difference, A4,
in the grazing angles on a sample. This arrangement does not exclude
the possibility of one-beam irradiation of a sample. It is evident that the
multi-beam principle of sample irradiation permits an essential decrease
in the measuring time of the angular dependence of the reflectivity.

“At a distance.of about four meters from the monochromator block
is a rotating table (3) for positioning samples that enables transverse
displacement of a sample, and scanning over the various neutron grazing
angles with respect to an investigated surface. '

The table is provided with uniform sample holders that permit the
fixing of different sized samples. The construction and size of the ta-
ble will allow future positioning of additional devices for changing ex-
ternal conditions at the sample, such as temperature, humidity, pres-
sure, gaseous medium composition, etc. The sample holders are aslo
equipped with collimating cadmium diaphragms (4,5).

11



Fig. - 6. ,}The:‘schematical top ‘view of the proposed double-beam .
reflectometer for the steady state ET-RR-1 reactor. 1 -- a block of -

double-crystal monochromators of. changeable wavelength, 2 -~ a two-
slit removeable Cd-diaphragm providing simultaneous irradiation of a
sample by two beams at the grazing-angles 8; and 6,,3 — a rotating
table for sample mounting, 4 — a sample holder with a Cd diaphragm, 5
— a moveable table, 6 — a one-dimensional position-sensitive detector.

12

At a distance equal to the monochromator-sample distance, a de-
tector (7) is placed on a moving table (6) providing displacement of the
detector across a beam on an order of 200mm. '

The one-dimensional position-sensitive gas-filled (He3, 6 atm) de-
tector (7) with a resistive wire has a resolution of the order of 1.5mm
and allows simultaneous registration of all reflected beams with about
80% efficiency. (It should be noted that use of a'single detector requires
the creation of a system to synchronize the scanning with the sample,
following the 8 — 26 law. With a position-sensitive detector, a synchro-
nized scanning system is not necessary. This makes the construction of
a reflectometer much simpler and excludes the possibility of systematic
errors arising when the surface of a real sample being investigated is
bent, since a change in the angle of a sample destroys the 8 — 20 law).

~ Along the monochromator-sample and sample-detector parts, vac-

uum tubes are installed to avoid the loss of neutrons due to scattering
on air. ' o '

A system of collimators along the monochromator-sample-detector
part is to suppress the background of fast neutrons and gamma-rays. |
 The system for sample adjustment includes a laser whose beam goes
into a vacuum system through a glass window and then, co-axial to the
neutron beam, is directed to a sample with the help of a thin mirror.

Electronic systems for control and monitoring of the movable ele-
ments of the instrument, and for the colle‘ction‘of; data from the detec-
tor, are in the CAMAC standard compatible with a PC/AT386 type
personal computer. Archiving and processing of experimental data are
performed with a PC/AT486 computer. s

For the primary processing of experimental data and their graphical

representation, as well as for the determination of the physical char-

acteristics of investigated surfaces from the expér'im‘géntally(‘measured

4reﬂectivitvy, a complex of computer programs is being developed.

Table 1-summarizes the parameters of the prdpo.sgd. réﬁectometer..
Table 2 is a list of the main components needed for construction of the
reflectometer.

13



Reflectometer D‘etyails/ ;

TABLE 1

Main Construction Components

TABLE 2

Mechanical part

Sy

Design work’
Development of shop drawmgs

" Purchase of materials

Manufacture of mechanical parts

.Scattering geometry

Horizontal -

Number of incident beams
© ‘min
max

=

Physical 1nstruments
and equipment

Fixed angle between incident beamns:

Af = (2+4) x 1073 ad |

Grazing angles 61,6,,8;

- 8y =(-107? rad + 1072 rad)

Including:

monochromators,
p051t10n -sensitive detector

(and electronlc equipment for lt), B

beam- momtor
step-drivers,
laser.

I11.

_ Electronic and automatic equipment

0, =6, + A8
03 = 01 + AG

Horizontal angular resolution

68]/6| >~ 682/62 ~ 603/63 .

" max 2%
min’ 8% .
: L AB/60 ~10
Vertical angular divergency 1.5 x107% rad

Type of monochromator

double crystal

‘|- Monochromatic A-wavelength range

Posmon sensitive detector

,changeable (2-4)A4, 6/\//\ o~ 2%

resolution - 1.5 mm

* length 100 mm

efficiency: 80%

_ height 50 mm .
Neutron flux on sample from 2 MW reactor .
(1/sec/mm?/mrad?)’ ‘ ~ 10?

Typical measuring'time

5hr

CAMAC+PQrsonal computer

Design of a measuring-and-storage module

and an electromc system for automatic control.
‘-'TDevelopment of non-standard electronic blocks.

Purchase of standard electronic equipment,
including :
CAMAC blocks, and

A computatlonal equlpment
Development of computer programs for ,
control of the main elements of the’ reﬂectometer,
accumulatlon storage and processmg of experimental
data.

Electronic standard -

14

. Assembly and adjustment works

-

On-site a.ssembly.

Ad_]ustment :

Test mea.surements and determmatxon of the
actual physmal parameters of the instrument.

15



4 Conclusions
The performed considerations have shown that a very effective in-
.strument can be built for use with the ET-RR-1 reactor to:
_ 1) investigate the engineering aspects of the quahty of surfaces in
particular, to test mirrors for neutron guides;
- 2) investigate the physical properties of the surfaces of bulks and
films; and
3) train scientists and: the reactor mamtenance ‘staff. , .
Actually, such an instrument as proposed could be operated with
“any steady state reactor. As soon as the characteristics of a steady
state reactor are known in deta.11 the pa.rameters of this reflectometer
can be refined. ; : '
This work was performed w1th the support of the Russian Funda-
mental Research Fund (grant N93-02- 2517). :

Acknowledgements

The authors wish to expreSS'their apprecizttion to Dr. A.M. Balaéﬁrov '

for his useful comments. Thanks also to T.F.Drosdova for translating
the text -and to A. Schaeffer for edltmg it and to V S Rumyantseva for
La.Tex adoption. :

- References
1. H.Maier Leibnitz and T. Sprmger, Reactor Science and Technol-
ogy, J. of Nucl Energy, Parts A/B 17 (1963) 217

| 2. B. Ja.crot TIAEA, Vlenna. (1970) 225 R

3. C.J.Carlile, M.W. Johnson and. W.G. Wllhams Rutherford Lab
“" Report, RL-79-084 (1979)

4. Thin-Film Neutron Optical Devices: Mirrors, Supermirrors, Mul-
“tilayer Monochromators, Polarizers, and Beam Guides. Charles

Majkrzak, Editor, Proc. SPIE 983 (1989) — 16-17 August 1988,
San-Diego, California.

~~16

10.

11.

Surface X-Ray and Neutron Scattering. H.Zabel, I.K.Robinson,
Editors: Proc. of the 2nd International Conference. Physik Zen-
trum, Bad Honnef, Germany, June 25- ‘78 1991 Sprmger Proc.
in Physics 61.

. Neutron Optical Devices and Applit:atioﬁ Charles F.Majkrzak,

James L.Wood, Editors. Proc: SPIE 1738 (1992) — 22-24 July,
1992 San Diego, California.

. D.A.Korneev, V.V.Pasyuk, A.V.Petrenko, E.B.Dokukin. Neu-

tron Reflectivity Studies on Superconducting, Magnetic and Ab-
sorbing Thin Films on the Polarized Neutron Spectrometer at the
Pulsed Reactor IBR-2. Surface X-Ray and Neutron Scattering.
H.Zabel, I.K.Robinson, Editors. Proc. of the 2nd International
Conference. Physik Zentrum, Bad Honnef, Germany, June 25-28,

- :1991. Springer Proc. in Physics 61, p:213. ‘
. V.L.Aksenov, D.A.Korneev, L.P.Chernenko. The Time-of-Flight

Four-Beam Neutron Reflectometer REFLEX at the High Flux
Pulsed Reactor IBR-2 and Some Possible Application. JINR
Preprint, E3-93-215, Dubna, 1993; Neutron Optical Devices and
Application. Charles F.Majkrzak, James L.Wood, Editors. Proc.
SPIE 1738 (1992) — 22-24 July, 1992, San Diego, California,
p.335.

G.Smith, W.Hamilton and R.Pynn, Surface Profile Analysis Re-
flectometer (SPEAR). In: Condensed Matter Research at LAN-
SCE. LALP 90-7 (1990) and brochure of LANL {1990)

M.Maaza, C.Sella, B.Farnoux, F.Samuel, P.Trocellier. Surface
Analysis of Borkvon Glass for Neutron Optics Application. Sur-
face X-Ray and Neutron Scattering. H.Zabel, I.K.Robinson, Ed-
itors. Proc.” of the 2nd International Conference. Physik Zen-

trum, Bad Honnef, Germany, June 25-28, 1991. Springer Proc.
in Physics 61, p.195.

D.A.Korneev, V.V.Pasyuk, A.V.Petrenko, Neutron Specular Re-
flection for thin films, surfaces and nterfaces studies, Proceedings

of XXV Zakopane School on Physms v.1 (1990),p.368

17



12.

D.A.Korneev, L.P.Chernenko, Neutron diffraction optics of films

- with noncollinear magnetic depth structures, in Neutron Optical

Devices and Applications, Charles F.Majkrzak, James L.Wood,

~ Editors. Proc. SPIE 1738 (1992) p.468

13.
. Neutron Reflections: A New .Technique Used to Measure the

14.

G.P.Felcher, R.T.Kampwirth, K.E.Gray and R.Felici. Polarized-

Magnetic Field Penetration Depth in Superconducting Niobium.

Phys Rev Lett , 92, 1539 (1984).
‘D A Korneev L.P. Chernenko A.V.Petrenko, N.I. Balalyl\m,

AV. Skrlpmk Measurement of Magnetic Field Depth Profile in
Superconducting Niobium Film by Polarized Neutron Reflectom-
etry. Neutron Optical Devices and Application.

‘Charles F. Ma_]krzak James L.Wood; Editors. Proc. SPIE 1738

(1992) p.254-257 and Pis’ma Zh. Eksp. Teor. Fiz., 55,111 (1992),

p.653

Reccwed by Pubhshmg Depanmcnt
on Deccmber 1,1993.

18



Axcenos B.JI. u ap. - E3-93-430
MHoronyukoBsiii HeiTpoHHE pedIeKToOMETD
IUISl IOCTOSTHHOTO . PEaKkTopa

IIpennoxena KoHCTPyKIuA HEATPOHHOTO pehIeKTOMETPA AJIA HEHTPOHHO-
TO KOHTPOJIS NIOBEPXHOCTH CTEKJIA, H3yYeHNS TOHKUX IUVIEHOK M NOBEPXHOCTEN

Ha peaktope ET-RR-1 Ynpasnenns mo atomuo# sHeprum Erunra.

Pa6ora sunonnena B JJaGoparopuu neifirponHoit dusuku um, 1.M.Opanka
OHUdH. ’

Coobwenne QfbeanHeHHOro MHCTUTYTA SAEPHBIX uccneaosanuii. ybua, 1993

Aksenov V.L. etal. " E3-93-430
Multi-Beam Neutron Reflectometer for a Steady State Reactor

A desing has been proposed for a neutron reflectometer to test glass surface
by neutron controls and to study surfaces and thin films at the ET-RR-1 steady
state reactor of the Atomic Energy Authority of Egypt.

The investigation has been performéd at the Frank Laboratory of Neutron
Physics, JINR.
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