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Within the framework of realization of the INR NAS Ukraine program on the creation of quasi-monochromatic
neutron filters in keV region, in the Neutron Physics Department in 2005 it was offered, developed and created a
neutron filter on the base of natural copper with the average energy of neutrons 7.5 keV and line width on a half height
about 95 eV. As a result of model calculations and experimental study of influence on the neutron spectrum of
additional components, it was finally chosen such version of filter content: Cu, 6ONi, Sc and !°B. In accordance to
calculations, a basic line makes 99.1 % from the spectrum selected by the filter. This filter was set at the horizontal
channel GEK-8 on Kiev reactor WWR-M. The basic components of filter (Cu, '°B) were placed in the first three disks
of neutron shutter and additional ®*Ni, Sc — in extending collimator. Boric component was made of the amorphous
boron enriched to 85 % '°B. All collimating constructions were made of a lead and borated polyethylene. After
optimization of filter content, with the purpose of verification of filter work, the measurements of total neutron cross
section on carbon were carried out on three samples. The averaged cross section over three samples of carbon makes
4.70 £+ 0.05 barns. This experimental result was compared with the data of other authors and evaluated libraries.

During the many years, the time of flight method was the basic method of research of neutron cross
sections for neutron interactions with nuclei at research reactors. This method allows to enter only the
beginning of keV region of reactor neutron spectrum. Research in the region of energies above a few keV
was related to substantial difficulties, not speaking about more high energies already.

Neutron information in keV region is important both for understanding of mechanisms of nuclear
processes and for the applied purposes. At the same time the receiving of this information is related to
difficulties through the shortage of neutron sources in this energy region and through the problems of such
neutrons registration.

In a reactor spectrum the part of such neutrons is rather considerable. Therefore, one of sources of
neutrons receiving in the indicated energy region is the selection of neutrons with these energies from a
reactor spectrum. The method of selection was found, is it is the method of neutron filters.

As it is well-known, the phenomenon of neutron filtration is conditioned by existence in the total neutron
cross sections for some atomic nuclei of deep interference minimums which are the result of interference
between the coherent waves of resonance and potential neutron scattering in these nuclei.

In the Institute for Nuclear Research of NAS Ukraine the work with the filtered neutron beams was fixed
at the beginning of 70-ies. For the past years the large enough set of quasi-monochromatic neutron sources
was created for energies from tens eV to several hundreds keV. Such works at the Kiev reactor WWR-M
continue till now.

Within the framework of realization of the program of INR NAS Ukraine on the creation of quasi-
monochromatic filters in keV energy region [1], during 2005 year in the Department of Neutron Physics it was
offered then developed and created a neutron filter on the basis of natural copper with the average energy
7.5 keV. It became possible due to analysis of total neutron cross sections of atomic nuclei with the purpose of
looking for candidates in the components of neutron filters. The attention was turned on, that deep interference
minimums take place in the total neutron cross section of copper, in particular at energy about 7.5 keV [2, 3].

Calculations, carried out specially by the code FILTER-5, which is subsequent development of
FILTER-L [1] code, developed in our department, showed that on the basis of natural copper it is possible
indeed to create the enough intensive neutron filter with average energy 7.471 keV and spectrum line width
less than 100 eV. The filter for such energy was created first. Calculated neutron spectrum for this kind of
filter is presented in Fig. 1.

As it can be seen in Fig. 2, the other lines, besides for a basic line near 7.5 keV, also present in the
spectrum. A basic line upon calculations contains 99.1 % of the spectrum selected by filter and has a width
on the half height of about 95 eV. The presence of additional lines caused a necessity to find additional
components in a filter, except for a copper, which would improve a spectrum (to suppress or considerably
reduce these lines).

The natural copper of the brand M2 with the following chemical composition is the basis of filter:
Cu-99.7 %, Bi-0.002 %, Sb-0.05 %, As-0.01 %, Fe-0.05 %, Ni-0.2 %, Pb-0.01 %, Sn-0.05 %, S-0.01 % and
0-0.08 % [4]. For cutting of low-energy part of neutron spectrum it was used '°B.
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Fig. 1. Calculated neutron spectrum for filter on the basis Fig. 2. Experimental and evaluated data for the
of natural copper. C-natural total neutron cross section.

The practice existing in our department consist in placing of filter forming components within the limits
of the first three disks of neutron shutter and extending collimator, and construction of filter was developed
just within the account of this. The components of filter were placed in the disks of shutter as follows: disk
11T included the container with '°B at the entrance of neutron beam and the collimating elements; disk Il —a
200 mm copper in collimating constructions; and disk [ —200 mm copper and collimating materials. All
collimating constructions in three disks are done from a lead and borated polyethylene.

Structurally, the filter was intended for the use on the horizontal channel GEK-8, because this channel is
equipped with all necessities for the study of filter characteristics. Namely, the device for the change of
standards at measurements of the total neutron cross sections allows to change the amount of material of
additional component and bring them into a filter distantly. It enables to optimize filter content. The design
with the code for neutron spectrum modelling gave the possibility to recommend Sc and ®“Ni as the
additional components. Except for these, such additional components were entered also as Na and **Fe. We
note, that **Fe caused practically complete screening of basic line due to enough strong resonance within the
limits of 6 - 8 keV. Such the procedure was also used for energy calibration of spectrums. Sodium
component for filter was made of NaCl, and boric — from amorphous boron with enrichment for B to 85 %.

Additional components can be included both each separately and in any combination, and also to change
the amount of each component. After optimization of filter composition, the final components were placed
stationary in extending collimator. Finally, a filter has such composition: Cu, ®Ni, Sc and '°B. It was not
recommended in future to include a component with Na in the content of filter, as some improvement of
basic line 7.471 keV quality due to reducing of lines 4.34 and 5.97 keV was accompanied by substantial
reducing of the basic line. More rational is subsequent increase of the component with ®Ni
(from 3.99 to 10.0 g/cm?), that provides the improvement of quality of basic line from 98.67 to 99.0 % with
unimportant reducing of main line intensity.

In the experimental filter spectrum without additional component, except for a basic line at 7.5 keV, the
lines show up only about 13 and 25 keV. Line 13 keV in the final variant of filter was screened by “Ni, and
contribution to the spectrum of 25 keV line involved near 1 %. Experimental half width of line 7.5 keV was
about 700 eV.

Using this filter, the measurements of total neutron cross section were conducted by the method of
transmission for three samples of carbon (n; =0.01776 at/barn, n, = 0.03552 at/barn, n; = 0.05328 at/barn).
The samples of carbon were disks with a diameter 30.4 +0.01 mm and thickness 1.0+ 0.1 mm. Such
samples were booked in England, the Goodfellow Cambridge Limited Company. For registration of neutrons
the hydrogen counter LND-281 was used. The background conditions of measurements were defined by
screening of neutron beam by the standard of polyethylene. The average value over three samples of carbon
was found as 4.70+0.05 barns. In Fig.2 our data for carbon are compared with evaluated library
information and experimental results of other authors [5, 6]. As it can be seen from this Figure, our data well
conform to information of other authors and evaluated data.

Authors sincerely thank the employees of the Neutron Physics Department M. V. Kapshuchenko and
0. O. Zavadsky for the help in creation of filter.
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®WIBTP KBA3U-MOHOSHEPTETUYECKAX HEMUTPOHOB CO CPEJHEWA DHEPTHEM 7.5 xB
HA OCHOBE NPUPOJHOM MEIA

E. A. I'punaii, A. . Kaabuenko, H. A. Knumona, B. B. KosioTsrii, B. A. JIu6man, I1. H. Bopona

B pamkax peanusaunu nporpammsl S HAH Vkpaussl no cozgaHuio GUIBTPOB KBa3H-MOHOIHEPI€THUECKHUX
HEWTPOHOB B KHJIOAJICKTPOH-BOJIFTHOM 00JAaCTH IPEAJIOKEHO, pa3padOTaH M CO3[aH HEUTPOHHBIN (QuiIbTp Ha Oaze
MPUPOJHON MEIM CO CpEeHEN IHEPrUel HEUTPOHOB 7.5 K3B M IIMPHUHOM JIMHUU Ha NOJIOBUHE BBICOTHI 0K0JI0 95 3B. Ilo
pe3ysibTataM MOAENBHBIX pPAacueToB M JKCIIEPUMEHTAJIBHOTO W3YYeHHs BIMSHUS Ha HEHTPOHHBIH CIIEKTp
JIOTIONTHUTENBHBIX KOMIOHEHT OKOHUYATENbHO BBIOPAH Takoi BapuaHT coctaBa ¢puistpa: Cu, “Ni, Sc u '’B. Cormacho
pacderam, OCHOBHas JuHHs coctaBiseT 99.1 % oT BbiaeneHHOro GUILTPOM crekTpa. OUIBTP YCTaHOBJICH Ha
ropusonTansHoM Kanaze I EK-8 Kuesckoro peakropa BBP-M. OcHoBHbie kommonenTsl Guasrpa (Cu, '°B) pasmerens
B IMepBBIX TPeX [MCKAX Iubepa, a AomonHuTenbHbie “Ni, Sc — B BHIHOCHOM KOJUIMMaTtope. BopHas KOMIMOHeHTa
M3roTOBJIEHA M3 aMOp(HOro 6opa, odorameHHOro 10 85 % '"B. Bee KOMIMMMHpYOLIHE KOHCTPYKIMH H3rOTOBJICHB! 3
CBHUHIIA ¥ OOPUPOBAHHOIO MOJUATHWICHA. [locie onTUMHU3aIK cocTaBa (QUIIBTPA C IEIbI0 IPOBEPKH €ro paboThl OBLIO
MPOBEJICHO CEPUI0 M3MEPEHHH MOJHOr0 HEHTPOHHOrO CEYEHHs Yriepoja Ha Tpex oOpasuax. YCpemaHEeHHOE IO TpeM
oOpasmaM ykazaHHoe cedeHue yriepoga cocraBisier 4.70 + 0.05 6apH. [lomydeHHBIE IKCIIEPUMEHTAIBHBIC JaHHBIC
OBUTH COTIOCTABIICHBI C JAHHBIMH APYTHX aBTOPOB M OIIEHEHHBIMH JaHHBIMH.

®LILTP KBA3I-MOHOEHEPTETUYHHMX HENTPOHIB I3 CEPEJHLOIO EHEPTICIO 7.5 keB
HA OCHOBI NPUPOJHOI MIJI

0. O. I'punaii, O. 1. Kaabuenko, H. A. Kiaimosa, B. B. Kosioruii, B. A. Jlioman, II. M. Bopona

VY pamkax peanizauii nporpamu I51J]] HAH Ykpainu no crBopeHHI0 QibTpiB KBa3i-MOHOSHEPTEeTUUHIX HEHTPOHIB Y
KUIOEJIEKTPOH-BOJIBTHINA 00JIACTI 3alIPOIIOHOBAHO, PO3POOJICHO Ta CTBOPEHO HEHTPOHHUM (iabTp Ha 0a3i mPUPOIHOT
Mijii 13 cepesiHbOI0 eHeprielo HeUTpoHiB 7.5 keB 1 mmpuHOO NiHIT Ha MoJoBUHI BUucoTH Otg 95 eB. 3a pesynbraTamu
MOJCIIbHUX pOSanyHKiB Ta CKCICPUMCHTAJILHOI'O BUBYCHHA BIUJIMBY Ha HeﬁTpOHHHﬂ CIICKTP AO0JATKOBUX KOMIIOHCHT
0CTAaTOUHO BHMOpAHO Takuii BapiadT ckmamy dimsrpa: Cu, “Ni, Sc ta '’B. 3rizHo 3 po3paxyHKaMu OCHOBHA JiHis
craHoBuTh 99.1 % Bin BuaineHoro ¢inbTpoM cnekrpa. PuUIBTp BCTaHOBIEHO Ha ropu3oHTadbHOMY KaHaimi ['EK-8
KuiBcbkoro peakropa BBP-M. OcroBri komnonerTH dinbrpa (Cu, '°B) po3MilieHo B mepiimx TphoX JMUCKax mHGepa, a
nomatkoBi Ni, Sc—y BHHOCHOMY KomiMaTtopi. BOpPHY KOMIIOHEHTy BHIOTOBJIEHO 3 aMmopdHOro Gopy,
36arauenoro 10 85% '"B. Yci komiMyloui KOHCTpYKIIii BUTOTOBJIEHO i3 CBHHINO Ta GOPOBAHOTO TojieTHieHy. Ilicis
ONTHMI3alil CKJIaay 3 METOI MepeBipku poOOoTH (iibTpa OyJO0 MPOBEIEHO BUMIPH MOBHOI'O HEHTPOHHOTO Mepepizy
BYTJICLIO HA TPHOX 3pa3zKax. YCepeaTHeHUH mepepi3 Mo TPhOoX 3pa3kax Byriemo craHoBUTh 4.70 + 0.05 6apH. OTpumani
eKCIIepUMEHTANbHI JaHi OyJI0 MOPIBHAHO 13 JAHUMH I1HIIHX aBTOPIB Ta OI[IHEHUMH JaHUMHU.
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