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1. 

ABSTRACT. 

Method and f a c i l i t i e s u t i l i z ed ior invest igat ion of Terycold 

neutrons interaction for energies 0,5.10~* to 3.10** eV with the 

substance, in dependence of the ir Telocity, are described. Neutron 

tota l cross sections of AA, In, Cu, Fe, Ki, Ido and gases N, Ar 

&na dry a i r , special camera «a l l samples for conservation of Tery

cold neutrons. I t «as established that in the Telocity range 100 

to 250 m/sec, the neutron to ta l cross sect ion depends of the metal 

Telocity according 1/V law. Neutron to Lai cros6 sect ions for 

investigated gases in the neutron Telocity range 60-250 m/sec 

depend of the fraction l i n e a l Teloci ty . With an accuracy of 10$ 

i t «as established that the neutron total cross sect ions of Ag, In, 

Cu concur with the absorption sect ion , as for the metals Fe, Ni 

and J»o , besides absorption, there i s also a complementary in ter 

act ion, which, in the»e Telocity ranges depends of the Telocity 

approximately by 1/V law. absence of superficial e f f e c t s , produced 

by neutron incoherent e l a s t i c scattering, has been establ ished. 

Metal samples with a purity of 99,95% and metals with technical 

purity haTe beep invest igated. Differences over experimental 

error i n the measured cross sect ions have been not observed. 
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NEUTRON TOT.-vL CROSS SECTIONS MSASURaiENT OF ;>Otë-j' KSÏ.aS .kfcD C.S3S 

?OR K ĴTRON 3NL2iGIHS I;; Trill Fu^GS ?GFli O,5 .10" 4 t o 3 .10" 4 eV. 

N.T. Kashukeev, G.A. Sta.neT, V.T. Surdjiislcy, 3.N. Stoyanova 

The present paper ( chapter I I ) reports on data concerning 

verycold neutron to ta l cross interaction for energies in tha range 

from 0,5.10"* to 3.10"* eV with some a e t a l s . The purpose of these 

measurements were, from oneside, to elucidate the existence of 

abnormal cross sect ion interact ion of ultracold neutron with the 

SUDStance, and from other s ide , to obtain data for the neutron Tel

oc i ty range from 100 to 25o s / s e c . I t shoula be noted, that the above 

mentioned Telocity range i s of real in teres t , as i t i s situated near 

the range of ultracola neutron and offers , simultaneously, the 

p o s s i b i l i t y to investigate the neutron interact ion with the sample 

when there i s an abr.ence o f coherent e f fec t of Bragg ref lexion and 

interaction with the surface of the sample, which, 6* i t i s shown 

in the estimations and the expérimental invest igat ions , are in the 

l i m i t s of the experimental error. 

Chapter III of the paper reports on the results concerning 

•srycola neutron total cross section with some gases in the above 

given Telocity range. These results wi l l De used to analyse the 

propagation of ultracold neutron i n gases, as well as to develop gas 

oonvertors for ultracold neutrons. 

http://Sta.neT
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T . Investigation experlnental conditions of verycold neutron 

Interaction with p e t a l s and gages. 

The reported resul t s hare been obtained at the IBT-2000 Reactor 

of Sofia* The experiments were performed as follow: a beam of very-

cold neutrons with known spectrum i s passed through a metall ic sheet 

or a gas target , whereupon the spectrum of the crossing beam i s 

determined. The comparison of beam neutron spectra with a sample and 

without a sample g i r e s us the run of the to ta l cross sect ion of 

neutron Interaction with the sample in dependence of the ir Telocity» 

The results of the measurements haTe been proceeded by the method 

of l eas t squares. 

The beam of verycold neutrons I s obtained by a curved mirror 

neutronguide, consist ing of a s ta in less s t ee l e lectropol i te tube, 

which i s sticked up to the bottom of the reactor horizontal channel, 

( f i g . 1 ) . The curvature radius of the neutronguide i s of 22 m, and 

the diameter of the tube i s 0,04 m; the tota l lenght - ?,37 • and i s 

formed by two tubes, which, independently one of another, can be 

render vacuum of f i l l e d with the investigated gas. 

For neutron beam spectrum analyze, a mechanical verycold 

neutrons t ime-of- f l ight se lec tor was constructed, completed with a 

f l a t rotor, f i t t ed with two apertures, which angular dimensions are 

11,5 or 4° . The f l i g h t base of the selector can vary from 0,5 to 

1 m. Between the rotor and the detector i s put a vacuumated tube 

with a neutron non re f l ec t ive internal sadaium surface. A* detector 
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for rerycola neutrons was u t i l i z ed a proportional gas counter with 

He £ l ] . Tine analyze of detector s ignals was carried out by a 

400 channel analyzer, u t i l i z i n g the two parts of i t s memory, each 

for 200 channels with a channel width of 102, *MS. 

The tota l verycoid neutron f lux, f a l l ing over the sample, i s 

50 imp/cm2 sec , without the detector e f f e c t i v i t y calculat ion. The 

performed additional experiments for spectrum attenuation (maximum 

a 160 m/sec neutron ve loc i ty ) or for acceleration of ex i s t ing f lux 

did not give any resul t , as the convertor (graphit, aluminium, des -

t i l l a t e d nain water), situated a t the bottom of the neutronguide, 

near the reactor act ive zone , was not cooled fur the purpose. 

No recycl ic neutrons have ceen observed for a l l measurements, 

as neutrons with ve loc i ty below 50 m/sec are pract ical ly absent in 

the obtained beam. 

The bacground was determined by averaging the impluse 

numbers of c e l l channels, where s t a t i s t i c a l l y the impulses are 

unifrooly distributed (not l e s s than 100 consecutive channels) and 

by averaging the impulse numbers over the whole range of the analyzer 

and screening the rotor aperture with a cadmium foils.The resul ts 

obtained by both methods «re eoieindiag. The vackground was deter

mined at each s ingle measurement and as a rule i s equal to 0,004 

iap/sec for 1 channel of the analyzer, which represents 1,5% for 

V « lo0 m/sec and Z% for V - 100 m/sec of beam spectrum. Stat i soal 

errors, with which are given the results for neutron tota l cross 

sect ion are determined by angular beam neutron scatter!» , st ipulated 
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by the equation ê = 4,4 / ^ 4,4 • V2 J1 , where V i s the Teloci ty 

of neutrons through the neutronguide axe / i n m/sec/ and inder te rmi -

nation in the lenght of f l i g h t path 1,3 cm, a d is tance a t which the 

Terycold outrons a r e e f f ec t ive ly absorbed i n the de tec to r g a s . 

I I . Neutron t o t a l c ross sec t ion i nves t i ga t i on of Terycold neutrons 

i n t e r a c t i o n with p e t a l s 

These experiments were carr ied out : o r two configurat ions of 

the i nves t i ga t e s metal sheets ( th ickness fron 0,1 to 1 mm). 

1. The sheet i s fixea d i r e c t l y on the aper ture of the neutron-

guide i r f ront fo the s e l e c t o r screen. fceasurenents a re ca r r i ed out 

consecutively of beam spectruo without ana with a sample and the 

r e s u l t s are compared for each channel. 

2. A shee t of the inves t iga ted met?.l i n a su i t ab l e form i s 

fixed i n sujh a way on one of the ro to r aper tu res t h a t , turn ing 

together with the r o t o r , i t remains perpendicular to the f a l l i n g 

neutron beam. In the analyzer are simultaneously recorded two spec t ra 

- of the beam, cross ing the sheet , ana of the beam, crossing the 

unscreened aper tu re of the r o t o r . 

Leasurements of both conf igura t ions of the sua p i e , outs ide the 

expérimental e r r o r , did not giTe any d i f fe rences . Both method, con

sequent ly, &r« «qu&iiy convenient for measurements as mentioned above. 

The secona method, however, i s more convenient, as we do not need to 

use a monitor d e t e c t o r for the i n t e n s i t y cont ro l of the f a l l i n g 

neutron beam. 

j£lucid&tion of the role of supe r f i c i a l coherent e f fec t s for 

sample neutron s c a t t e r i n g , a s é r i e of measurements was performed, 
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uith a variation of the sheet numbers, aisposea in sandwich, 

c lose ly one to another, xith a thicicness corresponding to th i s of 

the sample. *f the aboTe mentioned e f f e c t s are of importance, the 

results must depend from the sheet number, i . e . from the number of 

sample ref lect ing surfaces. Pract ical ly the resul t s obtained with 

such sandwiches, composed froa 1 to 4 sheets , are coinciding, 

Two groups of metals were investigated: 

a) Metal with absorption cross section of thermal neutrons, 

s ign i f i cant ly over their cross sections for incoherent scattering 

(In, Ag, Cu). 

b) Metals, which cross sect ion for incoherent scattering im 

commensurable with their absorption cross sect ion of thermal 

neutrons (Ni, Fe, Mo). 

Figures 2 and 3 represent graphically the dependence of neutron 

interaction total cross sect ion in the ve loc i ty range 100 to 250 

m/sec with the mentioned metals , in dependence of the neutron wave 

lenght. I t i s evident, that for both metal groups th i s dependence 

i s , as an example, l i n e a l , i .w. the to ta l cross section depends of 

the 1/V ve loc i ty t <$*{>/)* CL y-

At extrapolation of V««*#* the interact ion cross sect ion for 

low absorption metals acquires negative values, which, however, as 

for metals with high absorption cross sect ions , are in the l imi t s 

of s t a t i s t i c a l error. Such an extrapolation, however, i s hardly 

recommended, taking into consideration the various interaction 

processes of neutron with very differentiated wave lenght. 

In Table 1 are given the measured neutron interaction to ta l 

cross section with a ve loc i ty of 100 a / sec , determined uy the above 

mentioned rule (1) , as well as the total cross section deter-
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•ined s traight ly from the measurements of neutrons Tilth a Telocity 

of 100 m/sec. For comparison we are giving values of absorption cross 

sect ion for 100 m/sec, determined by 1/V la* , from the corresponding 

thermal neutron cross sect ion. I t i s evident, that for metals of 

the group "a", the measured values are coinciding »i.th l i terature 

data £2 J. For metals of the gwoap "b", the determined cross sections 

are s ign i f i cant ly higher than the absorption cross sect ion - for 

Ni and Fe approximately 40 barns and error percentage lOJt; for 

Ko - 140 barns. 

The invest igat ions have been carried out with metal samples 

purity of 99,95jJ. Samples of technical cuper, n ickel , ferun have 

been also investigated. The obtained re su l t s , however, ere not s ign

i f i cant ly different from data for metal with hightened purity. 

I I I . Investigation of verycold neutron total cross sect ion 

sect ion interaction with gases. 

Investigations of gases have been carrieo. out with two confi

gurations of fixeu gas target , s i th the investigated gas we f i l l e d : 

a) the straight tube with non re f lec t ive wal ls , s ituated between 

the se lector rotor ana the detector. By th i s «aw we avoid tbe 

influence of eventual changes in the reflexion coeff ic ient of tike 

neutrongulde walls , as in the detector are f a l l i n g only the straight ly 

Boring neutrons. There i s , however, some deterioration in the geometry 

of the experimental f a c i l i t y , and one i s obliged to resort to correc

tions of cross sect ion value for inchorent soattering. 

b) the second, outsiae tube of the neutrongulae. In th i s ease , 

a s igni f icant influence on the resul ts could produce the eventual 

fckange of tbe neutronguide walls reflexion coef f ic ient in the presence 
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of the investigated gas. I t i s necessary to make a correction of the 

cross section value, talcing into account the prolonged runs of the 

neutrons in comparison with the tube lenght, cue to the nail reflexion 

and the running through a broken l i n e . The reflexion number i s 

determined by estimation of 1,3 to 2,b, in deoendence of neutron 

Telocity for a tube lengnt of 2 m. 

? ig . 4 gives graphically the depe^aence of the free neutrons run 

in the investigated gas (nitrogen and argon) from the geuvron ware 

lenght. Neutron interaction total cross section in the rarge 60 to 

250 a/sec depends from the ir ve loc i ty by the V fract ion- l ineal 

function: ^«. A 

<y(y)~(Jr-J2/VÏ /2/ 

For lower v e l o c i t i e s the dependence OT s? G*/V/, i s probably 

substantial ly different from the case / 2 / . Otherwais the tota l cross 

sect ion interaction tends towards in f in i t e big values for neutron 

Telocity 40 - 50 o / s e c . This fact i s inadmissible, as at Tery low 

neutron v e l o c i t i e s , the ir re lat ive Telocity e i th respect of gas 

molecules, inc l ines toward the mean square Telocity of the ir theraal 

movement. 

For invest igation of neutron interaction of lower energies 

with the substance, we are now constructing a special neutronguide. 
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TEXTE EXPLICATORY TEXT OF FIGURES 

Figure Ho 1 : Channel for inrestigation of rerycold neutron 

interaction with the substance 

1. Neutronguide 

2. Tiae-of-f l ight mechanical se lector 

Figure No 2 : Dependence of Terycold neutron total cross sect ion 

interaction with indium ana argent from the neutron wave len^ht 

Figure No 5 : Dependence of rerycold neutron total crcs6 sect ion 

interaction with molibden, nickel , ferum and copper from the 

neutron ware le right. 

Figure Ko 4 : Dependence of verycold neitron free run in nitrogen 

and argon from the neutron rrare. 

Gas pression - tbO torrs . Temperature of gas - 290°K 

Table No 1; 1 . O i - to ta l cross section of interaction for 

neutron Telocity IOC o / s e c , determined by a+b/V law, obtained after 
of 

proceeding experimental resu l t s by the method of l e a s t squares. 

2. &*t0& - to ta l cross sect ion of interaction for 

neutron Telocity 100 m/sec, determined etraightly of neutron measu

rements with the mentioned Telocity. 

3 . C ^ ^ - absorption cross section for neutron 

veloci ty 100 m/sec, determined after calculation by 1/V law from 

the corresponding cross-sect ion of thermal neutrons. 
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