


Introduction

Neutron standing waves were first detected in 1956 [1]. Authors [2-9]
conducted a series of experiments to investigate the specific features of such neutron
wave field. Later, in [10] it was suggested to use X-ray standing waves to characterize
the structure of crystals. At present, neutron standing waves are an every-day tool in
investigations of crystals and layered structures. In the recent time, in connection with
an increased demand for the characterization of magnetic and nuclear structures the
development of methods of excitation of the neutron wave field mode in layered
structures has become the subject of great interest [11-13].

The investigated layered structure Cu/Ti/°LiF has an optical nucléar potential
of interaction where the potentials of Cu and SLiF are the barriers which, together
with the negative potential of titanium, form a potential well. Under stationary
irradiation with neutrons a periodic spatial distribution of neutron density is created in
the titanium layer of the structures due to coherent summation of neutron waves with
different reflection multiplicities from potential barriers, The absolute value of the
neutron density is determined by the parameters of the potential well and it may
largely exceed the density of the incident beam. The neutron wave field whose
neutron density exceeds four initial neutron densities is called enhanced neutron
standing waves (the ratio of the maximum neutron density in some area of space to
the incident neutron density is called the initial density enhancement factor M; ; the
initial density enhancement factor divided by four is called the standing wave
enhancement factor M,). The standing wave enhancement mode is extremely sensitive
to changes in the parameters of the layered structure, the extent of neutron beam
monochromatization and collimation. The increase of the neutron density is limited
due to different neutron absorption processes.

To characterize the constituent nuclei of a layered structure, different types of

radiation following neutron capture in nhuclei are used. Among the main of them are
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gamma-radiation, alpha-radiation, protons and nuclear fission fragments. In the
reported investigation the ®Li (n,cr) *He reaction was used to observe neutron standing
waves. Alpha-particles and tritons, the products of the reaction, were registered using
an ionization chamber with a low background count level in the presence of gamma-

radiation in the IBR-2 experimental hall.
Experimental equipment

The measurements were conducted on the spectrometer of polarized neutrons
at the IBR-2 pulsed reactor. At the exit of the polarizer the neutron beam is formed by
a diaphragm 0.2mmx40mm. The sample is at 3m from the diaphragm. The sample is
a multilayer structure Cu(1000A)/T i(2000A)/°LiF(2004) thermally sputtered on a
glass substrate of the size 5Smmx90mmx150mm(along the beam). To register alpha-
particles and tritons emitted after neutron capture in SLi nuciei, the sample is placed
into an ionization chamber with a grid. The Cu layer of the sample plays the role of
the cathode with the applied voltage ~3kV. The working gas in the chamber is argon
with a 4% admixture of carbon oxide under the pressure 1.1 atm. The.glancing angle
of the incident neutron beam is 2.9 mrad. The reflected neutron beam is registered
with a *He counter at a distance of 2.6 m from the sample. In front of the detector
there is a 0.2mm cadmium diaphragm. Detection and data acquisition electronics in
neutron and charged particle registration channels makes it possible to obtain spectra
in relation to the time interval counted from the moment the neutron pulse arises in

the moderator. The duration of the time channel is 64 mcsec.
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Results and discussion

The  Figure  illustrates  the
wavelength dependence of the
normalized neutron  reflection
intensities (the reﬂectométry curve
is at the top) and the wavelength
dependence of the emission

intensity of charged particles (the

emission curve is at the bottom) for

the glancing angle 2.9 mrad. The
reflectometry curve is obtained by
the normalization of the reflected
neutron. flux to the incident neutron
flux and the emission curve is

obtained by the normalization of the

charged-particle yield at the neutron

o k glancing angle 2.9 mrad to the
charged-particle yield at the glancing angle of the incident beam 30 mrad. For definite
wavelengths, on the reflectometry curve there can be seen- minimums (neutron
absorption orders labelled with numbers 3+11) and on the emission curve there are
maximums (charged-particle emission orders labelled with numbers 3+9). Charged
particle emission orders correspond to neutron absorption orders. The absorption
(emission) orders appear due to the fact that the standing wave antinode coincides
* with the °LiF layer. It can be seen that the width of peaks on the reflectometry curve is
two times smaller than their width on the emission curve. This is because the

- measuring channels have different angular resolutions. The angular resolution in the

reflectometry channel is (86/8)g = 6x10” and in the emission channel it is (56/8)g
=1.6x102. The maximum value of the enhancement factor in the titanium layer is
larger than in the absorbing layer ®LiF. For the angular resolution of the reflectometry
channel the neutron density enhancement factor M; in the SLiF layer is 4.9, 5.8, 5.6,
4.8,4.8,24, 1.8 for orders 3, 4, 5, 6, 7, 8, 9, respectively, and in the titanium layer it
is 27.6, 18.5, 148, 11.2, 7.2, 2.5, 1.8, 1.6, 1.3 for orders 3, 4, 5, 6, 7, 8, 9, 10, 11,
respectively. For the angular resolution of the emission channel the enhancement
factor has smaller values.

In the estimation of the limiting capacity of the registration channel the
important parameters are the effect count and the background count. In the charged-
particle registration channel the effect count is ‘determined by the yield of charged
particles from the layer SLiF after the capture of neutrons from the neutron beam
falling at the glancing angle. If the neutron beam has a mean square angular deviation
of 40 mcrad, the glancing angle of the incident beam is 2.9 mrad and the sample size
is 25mm(beam height on the sample)x150mm(along the beam) with the °LiF layer
thickness 1904, the effect count in the maximum at the wavelength 1.8A is 0.8 (time
channel)'lsec'l(incident neutron flux 1.3><103n/sec, beam cross section 0.1 lcmz, initial
neutron density enhancement factor 3).

The background count is determined by the particle yield from the °LiF layer
induced by neutrons scattered on argon and it is 8.0x10™ of the count caused by the
effect. The minimum background count depends on the radiation situation (the beam
is shut with a 2 mm cadmium sheet) and is 5x10° (time channel)'sec’!. When the
neutron flux through the chamber is less than 10° n/sec, the background count is

determined by the radiation situation.



Conclusion

The conducted investigation has shown that neutron reflection experiments on
the IBR-2 beams with an angular resolution of the order 5 mcrad (neutron flux on the

sample is 100 n/sec) continue to provide sufficient measuring statistics. It is,

therefore, possible to investigate the effect of standing waves in monocrystals as well

as study layered structures with a neutron standing wave enhancement factor up to
M,=100. In this case, for a 1A neutron absorbing layer the cross section of its
constituent nuclei must be higher than 1 barn. .

The work is performed within the framework of the RFFI project No. 98-02-

17037.
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Axcenos BJIL. u np. E3-98-383
HabnoneHne pe3oHaHCHO-YCUIIEHHBIX HEHTPOHHBIX CTOAYMX BOJH
€ MOMOLIBI0 SMHCCHH 3apSKEHHBIX YacTHL,

BBI3BAHHOH 3aXBaTOM HEHTPOHOB

Hccnenosano seneHue 06pa303amm PE30HAHCHO-YCHIICHHBIX CTOAYHX HeﬁTPOH-

HEIX BOJIH B cTpyKTYpe cTeksio/Cu (1000 A)/Ti (2000 A)I6LiF (200 A). Ilpu omnpe-
IENEHHBIX 3HaueHWAX UIHHbBI BOJIHBI HeHTpOHOB HabsioneHO YMeHbLueHHe
MHTEHCHBHOCTH OTPaXEHHBIX HEHTPOHOB U COOTBETCTBYIOLLEE YBENYEHHE SMHCCHH
anpha-yacTHL W TPUTOHOB, BBI3BAHHBIX 3aXBaTOM HEHTPOHOB sApaMH SLi. ®ro

CBHIETENLCTBYET 00 YBEJIMYEHHMH IUIOTHOCTH HEHTPOHOB B clloe SLiF npyu 3THX
3HaYEHHsX JUIMHBI BONHBI H CBA3aHO C HATH4YHMeM MHTepdepeHUHH nafawolei Hei-
TPOHHOH BOJHBI H BOJIHb, OTPAXEHHOH OT cnos Cu. DKCnepUMEHTTbHbIE AaHHble

¥ pacyeThl YKa3blBalOT Ha CymiecTBOBaHue B cnosix Ti n 8LiF PE30HaHCHO-YCWIEHHO-
ro HEHTPOHHOIO BOJIHOBOIO ITONA.

PaGora Bbimonnena B JlaGopatopuu HeiTpoHHOH ¢u3uku um. U.M.dDpanka
OHSIH.
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Observation of Resonance Enhanced Neutron Standing Waves
Using Charged Particle Emission after Neutron Capture
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The effect of resonance enhancement of neutron standing waves in a structure

glass/Cu (1000 A)/Ti (2000 A)/6LiF (200 A) is investigated. For particular neutron
wavelengths there is observed a decrease in the intensity of the reflected neutrons
and the corresponding increase in the emission of alpha-particles and tritons

induced by neutron capture in ®Li nuclei. It is the evidence of an increase

in the neutron density of the SLiF layer for such wavelengths and is connected
with the interference of the incident neutron wave and the neutron wave reflected
from the Cu layer. The experimental and calculated data point to the existence

of a resonance enhanced neutron wave field in the Ti and SLiF layers.

The_ investigation has been performed at the Frank Laboratory of Neutron
Physics, JINR.

Communication of the Joint Institute for Nuclear Research. Dubna, 1998




