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DDK 639(107.3 + 121.7) *•

The neutron* of megaTolt energies, '

the hlgb-monoenergetie neutron beams,

the follies* gas target.

Л method of producing M»V neutron beams vita a small neutron ener-

gy spread In the beam la described. This method use* a combination

of unique properties of modern electrostatic accelerators (ESA) and

a follless «as target. Zbe latter allows us to realise continuous

and easily controllable reproduction of targets with a low energy

"thickness" on the basis of differential pumping out of the target

working medium vapour by freezing It out in refrigerators with the

help of liquid nitrogen.

. A technique of the measurement with the HeV neutron, beam of nuc*

leer total cross sections with a resolution up to Д£_/В_~ 5*10""*

and differential croes sections of elastic scattering with ^2 /B *v

~2*10~*, which uses the
 12
C(d,n) reaction, has been developed.

'By analysing the properties of neutron fields generated by a

deuton beam in the gas target it has been found that presently any

further considerable improvement of the energy resolution in ceutros

experiments Is restricted by the characteristics of the ESA used.
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1» Introduction r

Beams of neutrons with some known average energy and ainlaal

energy ~pr«ad ("aonoenergetlc" cnee) In the energy range of the order

of MeV are Indispensable for a detailed study of neutron-uuoleua

interaction* Apparently, the beet scheme for obtaining such beava le

the classical one, i.e. the generation of neutrons in an appropriate

nuolear reaction Induced by a beaa of charged particles from an elec-

trostatic accelerator (E3A). Here the energy of generated neutrons

depending on the reaction chosen can be aeoothly adjusted by vari-

ation of both the oharged particle energy and eaieelon angle of used

neutrons with the BSA charged particle beaa. In this echeae the for-

mation of the neutron bean with the aid of colllaatlon allows us to

separate'neutrone with the required energy and to attenuate the neut-

ron background effectively.

In th* seheae under discussion the spread of neutron energies in

the beaa irradiating eoae saaple {or deteotor) of finite dlaensionc

is imite&2.ately connected with the characteristics of the nuolear

reaction chosen and* in principle, depends on the energy spread of

the accelerator beaa particles, the angular divergence of this beaa,.

the neutron-generating target energy "thickness", the relative linear

angle' 9 at which the irradiated eaaple (or detector) is observed fro*

the target centre , the target temperature. Until lately, as a rule,

the decisive factor was the target energy "thickness". Its greet

value prevented the unique advantages of ESA froa being realised in

neutron experiments.

6 is the angle in the reaction plane expressed in the respective

linear dimensions o£ the saaple (detector), target and the distance

jetween them.
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Indeed, using the BSA one can obtain beams of charged particles

bavlos some known average energy, small energy spread end small

angular dlvergenoe. thus, the average energy of suob a beam oan be

maintained at some oonstant value for * long time with the error of

not more thac 10 at the angular dlvergenoe of the order of a few

tenths of a degree.However, no less than 10~* of the BSA beam energy

Is lost in the target liaelf if conventional targets are used for

the neutron generation. The main difficulties in decreeeing the thiol

ness of the hard targets Is du* to the feet that, as a result of the

target materiel dissipation by the charged particle beaa, the target

life tims turns out tt be short and that there arises the problem of

the control of the target fitness. The change of the tblokness of

the target in dissipation 1я llablo to great fluctuations bringing

about a oonslderable uncertainty both in the energy spraad and -he

average energy of the neutron beam. It requires the development of

«ome technology of producing targets, which are homogeneous 1» thelx

thickness and are easy to be reproduced, as well as that of their

quick replassment and monitoring of the target thickness during ex-

periment. A non-stop and easy to control reproduction of the target

working medium carried out in so-called gas targets would bs ideal.

However, thin foils separating the target working medium from the

ESA vacuum system not only set severe restrictions on the currents

of charged particles permissible for the target * but also increase

The requirements upon the reproduction of these values are very

severe la the neutron experiment In which the use of the high energy

resolution is Imposed by the character of the energy dependence of

the oross section under Investigation.

The attempts at a partial realisation of such a program are

Illustrated by the work /1/.
***

At the decrease of the target thickness the only way to increse

the neutron yield up to the level sufficient for the experiment

performance is, under other equal conditions, to increase the ESA

beam current on the target. Bat, as a rule, the gas target foiles

4 are broken by currents being eore than 10 «A.
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the energy spread as well ae the angular divergence of the SSA beam * -

eo appreciably that euch gae -targets cannot compete with thin hard

ones.

However, there is a leeo popular gae target eohene. In that oohwM

the «forking volume of tbe target 1* oonnected with th«» K5A loo Aril*

tub* through a oyettdi of diaphragm*. Thle system allow* ua to obtain

(without the foil*), using tbe differential pumping out, a ga* pre-

ssure differential inside the target set-up tram the working pre-

ssure In '«be target volume to that characteristic of the BSA vacuum

syaten. So we aohlsve tb* absence of any considerable effective thiok-

nesses of Batter on the beam patb which сел increase the energy and

angular spread of the BSA beam before It hita the target working

medium»

The lesser popularity of such a sobeme 1* mainly due to the veoh-

nlcal dlffioultlos of it* realisationt high-capacity vacuum pumps are

required including large-alsed mechanical forevacuuia ones» there

exists the problem of the working gas contamination In passing through

tbe pumps and, respectively, the problem of thla gas regeneration for

the reuse, «to»i It is necessary to have special personnel trained to

operate tbe target. In nouti-on experiments, which are long-tera by

the г-atura, these difficulties turn into considerable obstacles.

We have decided to use as a working medium of the target sore

chemical compounds whose vapour guarantees an acceptable yield of

neutrons and ie well-fro*«a by liquid nitrogen. As for the high-ca-

pacity vacuum pumpe, we have replaced them with cryogen traps. 3y

using appropriate organic compounds (for example, acetone} or heavy

water and а Ъеаш of accelerated deutona In the C(d,n) and D(d.n)

reactions, it is possible to obtain neutrons In a wide energy range

j on the ESA-2.5 used by us. Such a target allowa us to make use of the

maximal currents obtained with the aid of the BSA. A set-up of the gas

ч
I



target designed employing th« above-mentioned prinoiple is described

below.

2. Construction of Gee Target.

The gas target schene le presented In fig, 1. The target working

voltine is formed by а thin-walled tube, 9 tm in diameter. To allow

the passage of a bean of deutoae going perpendicular to the tube axle,

two openings are out In this tube. The sliajte and dimension* of the

openings are detrained by those of the deutos beam cross section near

the target.

The working medium (acetone, heavy water} is in a thermostatical-

ly controlled tank. The supply of the vapour from the task into the

tube from which the vapour flows freely through the openings is regu-

lated by e throttle valve. An oil ргевяиге gauge is used to m&aaur*

pressure immediately in the target tube and the pressure nonltorl&g

ie effected.

The differential pumping out of the working medium vapour is per-

formed by three stages separated from each other by a system of dia-

phragms D1-D4 allowing the deutoa bean to pass. The inner working

surface of refrigerators Is made sufficiently developed and makes it

possible to freeze out more than 5 1 of matter at moderate overall

dimensions of the refrigerators (each refrigerator capacity ae to

liquid nitrogen is 4 to 5 1). The heaviest load is on the first

pumping out stage, therefore, provision is made in It for two refri-

gerators used alternately. Having filled one refrigerator it is

possible to change over to the other without shutting down the set-

up. The' target is closed-circuited with the working medium conser-

vation in the refrigerators» having heated up the refrigerator, we

by-pass the working medium using the pressure of Its vapour Into the

tank for further work.



Л high-vacuum pumplng-out preventing th* BSA vacuum system and

the Ion drift tube after the target froa contamination by the target

working medium vapour ar.d removing the product* of the target aediun

decay by the beam .froa the refrigerators ie perforued by three dlf-

fueion pumps with a capacity of about 100 l/«* In the ion drift tube

between the BSA and gas target there 1* a furaaoe heated up to —600°

uaad tor cracking the working medium vapour* a high-vacuum gas-dis-

charge pump with a capacity of «bout 100 l/я le additionally connect-

ed near the fwnace on th» aide ot th» accelerator.

During operation with the working medium vapour in the target

liquid nitrogen ie poured in tke refrigerators and traps ae the need

arises on the basis of the torevactna data in the set-up, 1.3. once

in 2 - 4 hour a. The time of tht eet-up operation until one refrige-

rator of the first stage 1* filled le inversely proportional to the

working pressure in the target and anounte to в hours in operation

with the marinal pressure la the target at which it is possible to

oarry out the measurements and which equals ~1O am Hg. The consump-

tion of nitrogen under such conditions does not exceed 100 1 per

24 hours.

The target has turned out to be very еаяу to operate and can

function 21-22 hours a day ( 2 - 3 bourn are needed to start th«

set-up, to pour nitrogen Into it, to by-paes the working medltat, from

the raflgerator to tbe tank, etc.). The set-up ie usually operated

aad maintained by a physicist earring out experiments. The target

parameters are stable in -tine and well-reproduoedi the target energy

"thickness" can be changed prectically instantly and a nunber of

.*

The whole set-up aade of the refrgerators, traps, hlgh-vacuua puape

and valves with the tubing systex is arranged rery compactly and 1л

'all it takes up the volume of ~ 1 m .

\
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cheek ("background") measurements can be performed at any aoment ©f

the experiments by breaking off the supply of the working aediun

vapour to the target.

The problem of the deuton beam passage through the gee target Is

oloeely eonneoted with thet of the neutron background and ie oonsi-

dered below.

3. fiaokground Condition*.

The suooeea of neutron experiments depends, as a rule, on a rela-

tire value and etablllty of the neutron background. When the source

of the background neutrons Is the reaction on the target working me-

dium Itself,* this problem Is solved conventionally /2.3/. However,

In our case when the total yield of neutrons from the target Is rela-

tively low the- use of the deuton bees results in considerable uoapii-

oationei the beam generates neutrons practically on all the parts of

the set-up, with which the bean gets In contaot, with the Intensify

whloh may clnsiderably exceed that of the neutron generation In the

target Itself. Even when the oonstruotlon material» «re specially

ohosen. It is practically impossible to get rid of the background

neutrons from the D(d,n) reaction on deuterium, whioh is "stuffed"

into the surface layers of the constructions by the deuton beam *""-

self, and, in particular, froa the C(d,n) reaotlon on the film* •&*

oarbou-contalning materials in the same parts of the construction.

In this situation it is difficult to guarantee the background stabi-

lity and the most praotical solution of this problem is to decrease

the part played by undesired sources of background neutrons to the

minimum'. Htre it is also Important that thess unriesired neutron sour-

ce* are separated in spao« from the target working volume since this

olrcuastanc* allows us, having reduced the neutron yield from these .
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sources as each ее possible, to decrease the background neutron flux

at tbe place ot Installation cf the detector* by means of the reepeo-

tire neutron shielding uelng conventional technique* *o that the

background turnn out to be negligible or low enough to allow us to

oonfine ourselves to a relatively rough account of it* fluctuations»

The attenuation of the background source* of neutron» is mad* di-

rectly ( the parts of the construction are shaped *o that the beam, If

possible, could go through the set-up without touching its parts, at

least is tbe vlolnlty of the target itself*

It is clear froa fig. 1 that the diaphragms D1 - M of the target

pumping-out system and the edges of the target tube openings belong

to the construction parts on the surface of which neutrons may b*

generated near the target working volume. Their dissensions and die-

tnnoo to the working volume are dependent on the possibilities of tbe

pumplng-out systen and cannot be sade arbitrarily large. Therefore,

it is necessary by limiting the oroee section of deuton beam to let

it pass through the set-up without getting in contact with the com-

ponent parts ot the construction.

A scheme of the system of the deuton beam shaping and transpor-

tation is given in fig. 2. The beam orose-sectional else In a cross-

over, which is in the region of the slit devioe of the beam energy

stabilisation system (at the outlet of the analysing magnet), ie a

fortiori less than 2 ал, while the root-meaxt-eouar* angular diver-

gence does not exceed 0.2°. To transmit the image of the beam cross-

over into the target working volume use ia made of two qu&drupole

magnetic leases (QHL)* with the magnification of 1|1 each. The reten-

Syametrical triplets whose mechanical part is manufactured with a

fcigh preolalon are used as the QKL. During the mechanical assembly

the geometrical axes of the QHL and gas target set-up are aligned.

Among the advantages of such QKL is the simplicity of the readjust-

ment in going over from one energy of the beam to another.

.*



tion of the beam initial parameters. I.e. the dixesions and the

angular divergence, and It* passage through the eet-up practically

without loer>ee can nost алшХху be effected (with the respective ее-

lection of eiseo and location of the Uniting diaphragms) by letting

the b«aa paee along the geometrical axle of toe o«t-up. To limit tfe*

beam, use 1* made of thro* diaphragms positioned «long tbis axis,

whlob «imultaneouely serve as the beam position indicators (BPI) .

The diameter of the BPI-1 opening equals 2 ma. In principle, by

decreasing this ei*e, it is possible to Halt the bean cros* seefius

as, due to its position outeld* t&e experimental 2i*U behl&i s brick

wall 1 is thick, '-he BPI-1 tern* out to bo considerably withdrawn free

the enuroe of useful neutrons «at the colllmator inlet aperture and

to be shielded. Aespeotivsly, bj ueing «n appropriate dlapnraga aear

the QML-1, it is possible to оевпеши the «a^ular divergence of the

beam.

The information on the ourrent «Istrleutioc over the BPI plates

is ueed for adjusting tho QKL-1 and 9Bt-2, At • correct adjustment,

the QML-1 yields an Intermediate imag* of the Ътт стовногат at lbs

place of the BPI-1 location* Then this inage is projected by the

QML-2 lieedietely In the target srorking volume. The BPI-2 and BPI-3

arranged eynaetrlcally on both the side* of the target tubs at • dis-

tance of about 125 mm each allow us to judge the correctness of the

beam passage and the degree of the bsam focusing immediately in the

%eii ,-Gt tube area, the diameter of the BPI-2 and BPI-3 openings *hich

The BPI Is a diaphragm formed by four plates insulated from each

other and from the construction parts. Baeh plat* covers ma angle of

a little more than 90°. The ourrents gwtt- « en the plates of лЦ the

BPI and on some parts of the target construction (the target tube,

the pumplng-out system diaphragm*) and on the collector (the final'

beam stopper) are constantly controlled by means of multichannel

detector.
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equals 3,в cm ia во selected that at a normal operation tto& beam

cannot touch either the edges of the D"» - D4 dlapbregsa» or tfcneo of

the target tube being 4-5 «am in diameter.

At too end of the ion drift tube the «teuton toeas hit* the bean

•top collector which сьtehee no 1«вв than 99.55 of the been eurre»*

passed through the «lit device, i.e. up to 120^6 А, ««<ter the aet-uy

normal operation.

All the part a of the construction wtd.uk вду get In o®nta&* «itih

tlie deutoo besua are made of etsieieoa. steel от соррвт. "£he collector

heated by tfae bean currant ia cade of tantalum. Bespit» tbe Tact

that Uuriiig all the ilme of the operation th« collector' о геярегь-

ture ia high thus preventing ttoo deuterium "2tu£feuK b/ tba bs&m

iron being accumulated, the collector «till generates the b&nk-

ground nautrone «ltii a relatively high inieneity 1&ррщгсвИх, on lo-

puritle.'i and, poeelbly^ oc carbide»J* Tharcfora» ?,&« collector le

wltbdrawn from the tergev worMing voluae t© tbe COJCIIMI dl«tancfc

allowed by the experlaeat&I L«ll end is Burxauiided by blocks «f

raffic with liorax wKoae thicknene 'in the direction of th& st

гося reaches 1 n.

the BTIa also belong to the number of the surfaces Irjmdlatea by

(teutons during the ncrwal opernttan and catch up to C,5$ of the bees

current» During the «yetea edjuetment earrled out without tb« gas ia

the target suaaary (over tho plbten) «ui-retite on all the 2sPI« together

amount to no more than 0.15% of the beam current. Яэтегвг, whan the

gas is supplied to the target, the current on the BPI-3 Increases sou

at the saxinaJ pressure in the target it reaches 0.4% of the beam

current and it ia impossible to decrees* it by readjusting the eyetea.

That increase of «he current on tfae BPI-3 is, apparently, due to a

•ultiple small aagle scattering of the beam partioloe by the target

gae.



The elimination of the deuton beaa impact on diapmragi» Ш, Щ

and the edges of the target tub* apertures allow» us to get rid of

tbe most dangerous undeslrsd so*troea of neutrons. Korever, tlae «3e«at®n

beam gfcts in contact with the BPI-2 and BPI-3 surface» but their r»-

motenaas from the solliaator azio of the neutron working пеяя ana

oonnt«nt control of the currents on tbe platen of thee* SPIs reduce

the part played by th«c* sources of the baokgrmuxfl aeiitixn do«« t©

a harsueas level*

The generation of neutrons on the surfaces beiitg near the target

working volume takes place calmly due to the C<d,n) reaction cm the

filias of oarbon-oontainiiiig compound». The»»» compounds appear and are

accumulated there in the process of operation as a result of the teu-

ton bean effect on tbe target working medium. The rete of foraatico

of such deposits depends oo ihe properties of а сотрьтй used an a

working gas and at the use of tbe acetone vapour thlc process gs*e

relatively slowly, «o that it is enough to perfora a routine eleaniBg

onoe a week at the target continuous operation in order to keep the

contribution sade by these neutron sources to the general background

at some permissible level. The situation is different when the ben-

tens vapour is used as the target working aediua; under the action

of the deuton beam the bensene combine* into hard compounds which

quickly and irregularly cover all the inner surfaces of the gas target

construction and hang like festoons between the* (in particular, on

the edges of the target tube openings), therefore, the use of the

benzene vapour resulting under other equal conditions in the neutron

yield being 30 - 40* higher than that of the acetone vapour has turn-

ed out 'to be inconvenient during long-term Measurements (for details,

see re#. /4/).

A oonslderable general decrease of the neutron background ia

achieved by meane of a conventional neutron experiment technique

.*



of the shielding of recording equipment. la the севе under consider-- '.

atlon we have a room isolated in the experimental hall to perform

measureaenta on a well-oollimated bean of neutrons froa the target

working volume. This rooa is fomed by blocks of paraffin with borax*

Use is aade of a double-V-shaped colliaator of the neutron working

b*aa whose axle is directed horizontally nnd Coras the angle 6
i a t

 -

• 30° with the deuton bt&at the colliaatlng ohannel dlawnolons can

easily be changed by replacing the respective Insert in the collim-'

tor body (the set-up scheme is given in fig. 3). Iroe the inside the.

walls are covered with lead sheets reducing the ¥-background level

mo that the use of the neutron scintillation counters with stilbene

orystals and the "n -i( separation" pulse gating circiut allows us

to negleot the detector background produced by "% -quanta.

As a result, in epit* of the relatively insignificant aaount of

the useful neutrons yield froa the target using the ecetcne vapour,

i.e. ~2.10* neutrons per second, per steradlan, peryyA of the deuton

current at the target "thickness" of 1 keV in the direction of the

oolllmator axis, the background conditions have turned out to be

quite acceptable for the performance of long-term measurements of the

neutron cross sections. Maximum permissible instabilities of the BSA

operation have been investigated in the axptrriaent and it has been

found that there exists a certain upper limit of each BPI current at

which no sufficient deviation of the beam froa the normal position

is not yet present and, respectively, no significant change of the

neutron background takes place in the measurement rooa. These limits

depending, apparently, on the character of the experiment to be par-

formed, ae well, restriot the permissible Instabilities in the BSA

In calculating the losses of the deuton bean energy in the target

gas, i.e. the target "thickness", use was aade of the data froa

ref. /5/.
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operation. To get rid of the effect ot such erratic instabilities on

the experiment result* provision ia aade for a follow-up system

blocking the accumulation of the data from the detector* in case th*

nazlniini permissible value of the Ьеяш current ii exceeded on any BPI

от on other elenonte of the target construction dangerous as to the

background*

Рог the monitoring two sensors are used» a eenlcoaductor detec-

tor of protons from the concurrent reaction of C(d,p) installed in

the target tube bend and e scintillation detector of the same type

as those used to measure the cross sections» which detects neutrons

emitted from the target at the angle в-. - 90° (the detector i«i po-

sitioned at the outlet of the special narrow 7-ahaped eollimetor and

is safely protected by the blocks of paraffin with borax and lead).

The agreement between the readings of these monitors is one of the

criteria of the set-up normal operation* To perform an additional

monitoring and to measure the background with a blank target, uee la

jnade of an Integrator of the boaa current reaching the collector

(for some details concerning the recording equipment, see ref. /6/}.

4* Energy Characteristics of Veutron Beans with ЛЕ /В_«* 5»10~*. .

The error in deterning the absolute value of the neutron beam

average energy should not exoeed in a general case the baa* energy

dispersion, i.e. ~t keV in our case, we oalibrated the neutron bean

average energy by measuring. Immediately on the neutron beam, the

characteristic features of the total cross sections of the elements

whose position in the energy scale was clearly established. To this

aid we used, in particular, the maximum of 6
1
 for

 1 2
C at В •

- (2078.0 - 0.3) keV /7/. The results of measuring this ч*г1«1» in

the calibration are given in fig. 4d.

->.
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On the basis of results of such measureaent3 it ic also possible

to determine the energy of the ESA deuton Ъеая, i.e. to establish

eorae correlation between the analyzing naguet field on4 the beam

energy. It has rather quickly been found that such a calibration of

the ESA energy scale (using one point) i3 not satisfactory for our

purpose > at a variation of the SSA energy by -* 15% the dntu of the

"carbon" calibration deviated from those of the energy calibration

immediately on the neutron bean as to the total стоаа sections of

other elements approximately by 10 keV. It has bees found that thio .

effect Is due to the imperfection of the analyzing Magnet used to

measure the ESA beam energy, which is unimportant at the neutron

energy resolution of about 10 keTT and worse. Therefore, we decided

to use a number of reference points for the calibration of the neut-

ron beam energy scale, having ohooen for this purpose characteristic-

aad easily identified particular features in the total cross section*

of a number of easily available elements whose position in the energy

scale of neutrons le «ell known .

Pig. 4 presents seme peculiarities of the total cross sections

of а пшиЪог of elements which we used to calibrate the energy scale

of the neutron working beam. Apparently, It would be more preferable

to uae narrow »<«<»« in 5*. as the reference pointst it would be de-

sirable that their steepness resembled that of the einimum in the

208
cross section ot Fb shown in fig. 4b.

The main reasons for the energy spread of neutrons emitted by

the target in the direction of the collimator axis of the neutron

In the region of the neutron energies В < 2.0 MeV the data of the

^
t
 measurements performed by the tiae-of-flight method on "whits"

beams of neutrons /8,9/ may вегт* thio purpose. These beams being

absolute as to the neutron energy determination allow us to reach

the required accuracy of the energy scale calibration.
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working beam were enumerated in thr introduction. Let us dwell on '»*

the part played by the deuton bean engiiiwr divergence end the finite

oroes-eectional dimensions of the target and of the eanple irradiated

by the neutron bean (of the detector in the 6*
t
 measurements) .Here

the fact that under other constant paranetere the ensrgy of neutron*

from the neutron reaction considerably depends on the neutron emle-

•lon angle relative to the deuton boa» direction heя a great influ-

ence. In the
 12
C(d,n) reaction at B

d
 - 2.3 MeV and в

1 а Ъ
 • 30° d>

n
/de

reaches 4.1 кет/degree, so that the mn^nimy divergence of the deutoc

beam In the target working volume of 0.2° results in the energy

spread of neutrons emitted at this engl* of 0.62 kciT . Sue to the

same reason, the finite dimensions of the target working TOIIUM as

well as those of the sample (detector) irradiated by the neutron

working bean bring about the respective spread of the energy of neu-

trons Irradiating the sample, too. Since the neutron energy depe&de

only on 6, the increase of the dimension* of samples or detectors

orer the f angle does not bring about an additional «prend of the

energy of neutrons. Therefore, in the experiments» is which provi-

sion is made for the measurement of differential orose sections of

the neutron-nuoleun eleetic scattering (without Investigating the

The estimations show that under the abovo conditions the contri-

bution to the neutron energy spread from the temperature effects on

the target ie negligible ae compared with other sources of the

energy spread.

The contribution from the beam angular divergence to the sautrcn

energy spread, which is due only to the beam properties of our BSA,

is «f primary importance. This contribution rises both absolutely

and relatively in the transition to the neutron generation by means

of the D(d,n) reaction, as the neutron energy Increase lalXs behind /

that of the dE^/de derivative value at е
1 а Ъ

 т 30° (thus, with the

use of the deuton beam with the same energy of 2.3 MeV ta« neutron
 :

energy is approximately three tines increased, while dE /d6 approxi-

mately 7 times).
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polarizing power), one can arrange the Investigated samples and de-

tectors of scattered neutrons ae shown in fig. 3: so that the in»

vestigated oaople dimension in the e angle direction is minimal but

the number of investigated nuclei on the neutron beam path Is still

sufficient.

Vote that the neutron fields, which roqaire an introduction of

such a characteristic of the nuclear reaction ao d£g/d& into the

energy resolution of the experiment during the operation with them,

make it possible to speed up the measurement of the total cross

section» by placing several detectors at different angles 6* in the

reaction plane (see fig. 5) so as to simultaneously measure the

transparencies for several neutron energies. As Inaignifleant diffe-

rence in the 6, angles corresponding to different detectore (в* -

- ©<^ < 1°) allows ue to use a common collinator of the neutron

beam and one sample for all the detectors .

5. Conclusion.

The use of the foilless gas target has made neutron experiments

with the high energy resolution realisable. Under our concrete condi-

tions with the use of the
 12
C(d,n) reaction a possibility of perform-

ing the measurements of nuclear total neutron cross sections with the

resolution up to аКц/Вд^ 5*10~* and the differential cross seotions

of neutron elastic scattering with AS-/I- ~ 2* 10"*̂  has been realised.

Mutual disturbances being due to the neutron
1
 rescattering from one •

detector to the others can be taken into account in the form of small

corrections or reduced to a negligible level by separating the detec-

tors in space. She rate of the collection of the Information on C
t

in such a geometry when four detectors are used is the same as the

rate on the "white" beam in ref. /9/ (with the equal energy spreads).

IS



How it is not the difflcultiee of creating thin easily repro-

ducible tax-gets enduring high currents of the 3SA beam but the pro-

perties of the ESA itself that Impede further bettering of the

the inoufficient value of the ESA bean current, Kiiich does not gua-

rantee the detector count rate acceptable for a neutron experiment

realization, either by the increase of the target thiclmeee or by

that of the angular dimensions of samples (detectcre) or by this

and that together, which results lc the worsening of the energy re-

solution. It is precisely the atate In which under our conditions

are the measurements or the differential cross sections of the neut-

ron elastic scattering by nuclei over a wide range of scattering

snglea. On the other hand, at a sufficient value of the ESA current

it is evidently not justified to make th* neutroH energy «spread La

the bean, whloh le due to the target thickness, considerably lent»

them that due to other oourcea. It io only by using Ь ЛЬ the deutsa

beam, «hose angular divergence on the target was hnivod by chansins

the eyeten of its passage through the set-up, tu:d the special dctoo-

tor with the small (ever 6) angular diiaenelon tSiit we have carried

out the meaeurements of 61 with the best energy revolution of

А Е
П
/ Е

П
~ 4-Ю"* (see fig. 4d). The reduction of the SSA Ъешв angle

divergence in euch a way seens highly inportent in using the 9(<l,n}

reaction, though it is accompanied by BOB* current losses in our

case. However, this way is unacceptable in Measuring the differen-

tial or-oss sections of elastic scattering of neutrcne with the energy

of ~ 2 UeV for the measurement of which, strictly speaking, our set-

up was designed /iO/.

It "in obvious that in each experiment while choosing вола energy

resolution, one has to sake a compromise deolelon being detemlned

by a concrete physical probles defining the experiment geometry and

by the parameters of the ESA used. In this connection one nay,

v



apparently, conclude that the ralue of the neutron energy spread of

energy resolution In experinmte* TLUB, on» пае to ooayntMit* far

th« neutron b«oi obtained by twin? the abova-daporibed тщ/Шюй is

practically oloa* to the technical llait determined exolu*lT#ly *y

the propertle* of eodern B8A.



M g . 1. A scheme of the gae target set-ups

VT ie the target working Tolumej OS, the gae supplys PC, to the

pressure gaugei D2 and Ю are the diaphragms separating the first

или second puaping out stage*; 1)1 and D4> the diaphragms separating

the second and third pumping out stages) Ref. I and flef. II are the

refrigerators of the first pumping out stagei Ref. H Z Is the second

pumping out stage refrigerator! TI and Til are the trapsrefrige-

rators of the third pumping out stage; DPI, DPII тли DPHI are the

diffusion pumps; VP, the forevaouum pumps] 2 » the vacuum valves»
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fie* 3« A achea* of the **t-up for ••acurirg neutron егоза *ectioQ*;

1 - th* g*a target working voluae tub«i 2 - th* aperture for th* fie-

uton beam panaagai 3 - *ne d*uton btu; 4 - th* semiconductor detec-

tor - «niton 5 - th* block of th* neutron Ъеаа oolllaetor (а тег»

tloal croc* eection «loag the neutron been exle)s 6 - tbe replace-

able lnaert with th* oolllaator channeli 7 - tbe eoillaated aeutroa

Ъеаа axis) в - th* aaapl* for ••aeurlag «he neutron elastic acatter-

lns differential croaa a*ctlon*t9 - th* detector* of elasti lly

acattered neutron*) 10 - th* part of the ahleldtnc rooa rear nail

with the opening for the neutron Ъеав exit (a a*ctlonal rlew); 11 -

.- th* detector ue*d to a*a*ur« th* aaapl* tsansparenoy, beam ahape

and to adjuat th* a*t-up.
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Fig. 5. A schene of the aet-up for asasurlng »

by eereral detectors;

1 - the targeti 2 - the accelerated ion beaai 3 - the eaaple

location in me&euremente» 4 - the neutron Ьееш ccllinator

yertical oroee eeotions 5 - the detectors of neutrons.



References

1. Powler J.L. Differential Mattering ©f neutrone txoa
 208

Ffe at

reaonaut «nergl.ee. Pnye.Rev,, ?47 (1966), p.870-680.

2. Feet neutron Phyalce. P.I.Technique»
f
 ed.by Marlon J.3, and

I'owler J.L. N.I'.-London. Interaoienc« l*ubl. (I960).

3. Gorlov G.V., Klrlilov A.I., Leb*d«va M.S. Product Поп of neutron

beam fur аашН-angle с roe a «action подвигал»».**;. РТЕ-И©. 3 ( 6 )

p. 27-30 (In Ruoaian}.

4. Moroxov У.И.. Zubov Yu.G., Karposr M.I., Jnobtdeva U.S. Tlhlm

target for neutron inveetlgatlone. Ini Houtrcn Fbyolce {Frso. of

4th All-Union Conf.. Kiev. 1977). part 4. Моашш, tfltJIIAtoolJCLfoxa

О977) r p. 266-270 (In Ruaalan).

5. Neaota О.У., Gofiaan Yu.T. A Knnubook ou ШсХаах Pbyaice, elmpter 3,

hieT« Raukova Duuica (1975) (1» Ruacian).

6. Horosov V.M., Zubov Yu.O., Lebedava V.3.
(
 3idoroy S<X. The

meaauramente on ?b with resolution ot t keV 1» the 1.3-2.® -W«sV

region of neutron energy. Int Heucrcu Fhyaiee (Free, of 5th All-

' -Union Conf., Kiev, 1980), part 1. Hoecow, fsSIIAtcainfora (19803,

p. 200-203 (in ttuasi&n).

7- Jauea D. Keucron eaefgy atandarda. U.S.Dep. Сшавег. Nat. Bur. Stand-

3p*c. Publ., No. 493 (1977>, p. 319-328.

8. Clerjaeka S..Vorti P.. Kopacfa D. at &]., Htport КИС-1000, KernXor-

Bofauneasentruja, Karlaruha (1968),

9. Carleon A.S., Cerbona R.J. Hihg reaolutlon meaeuraaenta of the

total neutron cvomm aaction of Ultrogeb and Iron. Huol. Sol. and

Bng., 42 (1970), p. 28-40.

Ю. Moroxov У.К.. Zubov Yu.G., Lebedeva M.S. The etudy of the propertlee

^ of the forward elaatic scattering eroas section and the optical

theoren. In» Heutron Pbysica (Proc. ot 3rd All-Union Conf., Kiev,

1975), part 4, ISoscow, TsNIIAtomlnfora (1976), p. H5-148 (in

V Russian). 23

(К

It



Технический гадактор С.Д.Павлове

Т-103Э6. 21.04.«7: «ориат 60x90/16

Уч.-над. л. 1,1. Тиран 174. Зама 223

Отпечатано а МАЭ



Ufa*. bta*624

Preprint IAE-4438/2. M., 1987


