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The neutrons of megavolt energies,
the high-monoenergetic neutron deams,

the foilless gas target.

A method of producing MeV aeutron beams with a small neutron cnaf-

&Y spread in the beam is described. This method uses a combination

of unique properties of mcdern electrostatic accelerstors (ESA) and

a foilliess gas target. The latter allows us to realize continuous

and easily controllable reproduction of targets with a low energy
*thickness™ on the basis of differential pumping cut of the target
working medius vapour by freezing it out in refrigerators with the
help of 1iquid nitrogen.

. A technique of the measurement with the KeV neutron beam of nuce
lear total cross sections with a resolution up to AEn18n~ 5.10"4
and differential croes sections of elastic scattering with AEnIBn'v
~ 2'10'3. which uses the 120((!.::) reaction, has been developed.

'By anslyzing 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 reutrop

experinents is restricted by the characteristics of the ESA used.
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1. Introduction.

Beams of neutrons with some known average energy and minimal
energy .prsad ("monoenergetic®" cnes) in the energy range of the order
of MeV are indispensadle for a detailed study of nsutron-uuoleus
interaotion. Apparently, the best scheme for obtaining such deams is
the classicel one, i.e, the generation of neutrons in an appropriate
nuolear reaction induced by a bean of charged particles frox an elec~
trostatio accelerator (ESA). Here the energy of generated neuirons
depending on the reaction chossn can be mmoothly adjusted dy vari-
ation of both ths oharged particle ensrgy and emission argls of used
neutrons with the ESA cherged particle beam, In this scheme the for-
mation of the neutron beam with the aid of collimation allows us to
separate neutrone with the required energy and to attenuate the neut-
ron background offectively.

In the scheme under discussion the spread of neutron energies in
the bean irradiating some sample (or deteotor) of finite dimensione
is imncirately connected with the characteristics of the nuclear
reaction chcsen and, in principle, depends on the energy spread of
the aocelsrator beam particles, the angular 4divergencs of this beanm,
the neutron-gensrating target ensrgy "thicikness”, ths iréletive linear
angle @ at which the irrediated sample (or dstector) is observed from
the target centro-. the target temperature. Until lately, as a rule,
the decisive factor was the target energy "thicimess". Its great
value prevented the unique advantages of ESA from bsing realived in

neutron experiments.

* 6 18 the angle in the reaction plane expresesd in the respsciive
tinear dimensions ol tke saaple (detector)}, target and the distance

-~ Jetwesen them.
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Indeed, using the ESi oae can obtain beaxs of charged particles
hsvias soxe known average energy, small energy sprsad snd small

angulsr divergence. Thus, the average energy of such & besm ocan be

.-iintninod at some oonstant value for a long time witk the srror of

not more thac 10~ ~4 at the angular divergence of ihe order of a few
tenthy of a degrae.However, no less than 10'z of ths ESA bLeam enargy
is lost in the targst i1iself if conventional targets ars useld for
th? asutron generation, The main diffioulties 1in decreesing the thici
ness of the hard targets is dus to ths fact that, as a resuit of ths
target materisl diseipation by the charged particle beam, the target
life tims turas out t2 be short &and that thers arises the problem of
the control of the target fitness. The change of the thickness 9!
the target in dissipation is l1iablo to greai fluctuations bringing

about a considerable unocertainty beth in the 2nergy sprsad and ‘he

‘aversge ensrgy of the neutron bnn-.' it requirss the development of

some technology of produoing targets, which arc homocgeneous is their
talokneas and are easy to be reprocuced, as well as that sf their
quick replasement and moritoring of the target thiciness during ex-
poriment.“& non-stop and easy to control reproductior of the target
working medium carried out ir so-called gn; targets would be ideal.
However, thin foils separating the target working medium from tha
ESA vacuum system nct only set severe restriotions on the currents

of oharged particles permissible for the tnrget... but also increase
The requirements upen the rsproduction of these values are very
ssvere in the neutron experiment in which the use of the high energy
resolution is imposed by the character of the energy depsndence of
thc oross section under investigation.
Tho attempts at & partial realisation of such a program are
111ultratod by the work /1/.

At the decrecse of the target thickness the only way to increse
the neutron yield up to the level sufficient for the experiment
performance 18, under other squal conditions, to incresse the ESA
bean current on the target. But, as a rule, the gas taerget foiles
are broken by currents being more than 1OJpA.
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the onergy. spread as well as the angular divergence of the ESA bedm
8o appreciably that suchk gas targets cannot compete with thin hard
ones.

Howevsr, there is a lesc popular gas target schexs. In that ochmme
the working volume of the target is oonnected @ith the B5A 1on Arifs
tube through & systum of diaphragms. This system sllowas us to ol;uin
(without the fcils), using the differential pumping out, a gas pre-
ssure differential inside the target set-up from the working pre-~
gsurs in ihe target volume to that oharacteristic of the ESA vacuum
syaten., S0 we achisve the absence cof any cousiderable oh’actiu thiok~
nessgea of matier on the besam path which can iacrease ihe ensrgy and
angular spread of the BSA beanm bvefora 1t hita the target working .
mediwn.

) The lesaer popularity of such a zoheme is mainly dus toc the sech-
nical difficuliios of its realication: high-capacity vacium pumds ars
rsquired Licluding large~sized mecinamical forevacuwn oness thers
exisis the problsm 5f the working gas contaminatiorn in paseing through

I the pumps and, irespociively, the problem of thia gas regeneration for
the reuse, sto,; it is necessary to have spscial perscnnel irained #*c
operats the target. In ncutron experiments, wkich are long-term by
the ratura, these difficultiss turn intc considerable odatacies.

. We have decided to use as a working medium of the target sore
cherical compounds whose vapour guaraniees an acceptsable 310'1-1 of
neutrons and is2 well-frozex by liquid nitrogsn. As for the high-ca-
pacity vacuum pumps, we have roplaced them with cryogen traps. By
using appropricte crganic compounds (for example, acetomne) or heary
water and a bear of accelerated deutons in the 12c(d,n) and D{(d,n)
reacticrna, it is possidble to obtain neutrons in a wide energy range

i on the ESA-2.5 used by us. Such a target aliowa us to make use of the
maximal cuzrrents obteined with the aid of the ESA. A set-up of the gas
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target designed employing the above-mentioned prinoiple is described

bolow.
2. Construction of Gas Target.

Phe gas terget scheme 1s proaonfod in fig. 1. The target working
volune 18 formed by s thin~walled tube, 9 mr in diameter. To allow
the pasgage of & beam of deutons going perpondiocular to the tudbe exis,
two openings are out in this tube, The shepe and dimensions of the
openings are detrnined by those of the deuton beem cross section near
the target.

The workiug mediun {acetons, heavy water} is in s thermostaticai-
1y controlled tank. The supply of ihe vapour from the task ?‘.nto the
tube from which the vapour flows freely through the opsnings is regu-
lated by e throttle valve. An 0ill pressure gauge is used 1o meagure
pressure immediately in the target tube and the pressure monitoring
ie effected.

The differential pumping sut of the working medium vapour is per-
formed by three stages separated from each other by a aystem of dia-
phragms D1-D4 allowing the deuton beam to pass, The inner working
surface of refrigerators is made sufficiently dsveloped and mrkes 1t
possible to freeze out more than 51 of matter at moderate overall
dimensions of the refrigerators (each refrigerator capacity as to
liquid nitrogen ie 4 to 5 1). The heaviest load is on the first
pumping out stege, therefore, provision is made in it for two refri-
gerators used slternately. Having filled one refrigerator it is
poasible to ohange over to the other without shutting down the sot-
up. The target is closed-circuited with the working medium conser-
vation in the refrigerators: having heatsd up the refrigeraicr, we
by-pass the working medium using the pressure of its wapour into the
tank for further work.
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a high-vicuun pumping-ocut preventing the ESA vacumn systen and
the ion drift tube after the target from contamination by the target
vo;'ld.ns medium vepour and removing the producte of the terget medium
decay by the beam from the refrigerators is perforued by three dif-
fusion pumps with a capacity of about 100 1/s.” In the lon drift tube
betwcen the BSA and gas terget there is s Zurnsce heated up to ~600°
uand for craoking the woiking medium vaponrs & bhigh-vacuum ges-dis-
charge purp with a capacity of adout 10C 1/a is additionally connect-
od nesr ths furnace on the gide of the eccelerator.

During operation with the working medium vapouar in the target
liquid nitrogen is poured in the refrigeraters and trsps as the need
arises cn the basis ol the forewvacuum dats in the set-up, £.3. once
in 2 - 4 hcurs. The time of ths set-up operation until ons refrige-
rator of the fireit stage is filled is inversely proportional to the
working pressuro in tae target and amounts to € hours in operation
with the maximal pressure in the targot ai wshich it i1s poosible to
oarry out the measurements and which egquals ~ 10 mm Hg, The consuzp~
tion ¢f nitrogen under such conditions does not exceed 100 1 per
24 hours.

The target has turned out to be very easy to operate and can
function 21 - 22 nours a day (2 - 3 hourn are nesded tc start the
set-up, to pour nitrogen into it, to by-pass the working msdfium from
the refigerator tc the tenk, etc.). The set-up is ususlly operated
and mainteined by a physicist carring out'exper:lments. The target
parameters are stable in-time and well-reproduced; the targat enerzy

®thicimess” can be changed prectically imstantly and a nurber of

-
The whole set-ur made of the refrgerators, traps, hign-vacuum pumps
and valves with the iublng system is arranged very compactly and in
“all 1t takes up the voclume cf ~1 m”. ‘

b -l gep s .
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check ("background”) measurements can be performed at anv momeant of
t‘he experiments by breaking off the supply of the working aediun
vapour to the target.

The problea of the deuton beam pansage through the gos tarzet is
olossly connected with thet of the neutron background and is conai-

dered below,
3. Background Conditions.

‘The sucocess of neutron experiments depends, s a rule, on a rela-
tive valuo and etability of the neu‘ron background. When the source
of the tackground 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 yieid of neutrons from the target is rele~
tively low the  use of the deuton bsem results in consideradble voapli-
oations: the beam generates neutrons prasticsally on all the parts of
the soet-up, with which the bean gets in contaot, with the intensiiy
whioh may cinsiderably exceed that of the nsutron geusration i the
target itself. Even when the oconstruction materials ars spscially
chosen, it is practically impossible io get rid of the dbackground
neutrons from the D(d,n) reaction on diuteriu-, whioh is *"atuffed”
into the surface layers of the constructions by the deuion beam **-
self, and, in particular, from the '2C(d.n) reaction oa the films of
oarbon~containing mt-ori.als in the sams parts of the construction.

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

11ty and the most practical -solution of this prodlem is to decrease

the part played by undesired --ourcu of background neutrons to the
mlnimun. Here it is also important that these undesired nouti-on sour- -
ces are ssparated in space from the target working volusme since this

ocircumstance allows us, having reduced the neutron yleld from these

2 9% b
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sources as smuch as possible, to decrease the background nsutron fiux
at the place of installation cf the detectors by means of the respso-
tive neutron shielding using conventional techniques 0 that the "
baokground turns out to be negligibls or low snough to allow us to
oonfine ourselves fo a relatively rough account of its t.iuotustiom.

The attenuation of the dackground sources of neutrons is made di-
reotly: the parts of the conetruction are shapsd sc that the deam, if
possible, could ge through the set-up without touching its parts, st
least in the vioinity of the target itself,

It is clear from fig. 1 that the diaphragme D1 -~ Di of the targes
pumping-out sysiem and the edges of the target tube opsnings belong
to the construction parts on the surface of which neuirons may bs
generated near the target working volume., Their ¢imensions and dis-
tance to the working volums are dependent on the possibilities of tle
pumping-out system and cannot be made arbitrarily lergs. Thersfore, |
14 1 necessary by limiting the cross section of deutcn beam to let
it pass through ithe set-up without getting in contact with the com=-
pénent parts of the construotion.

A scheme of - the system cf the deutnn deam shaping and transpor-
tation is gZiven in fig. 2. The bsam cross-sectional sise in a cress-
over, which is in the region of the siit dsvice of the besam energy
stabilization system (at the cutlet of the analysing magnet), is a
fortiori less ihan 2 mm, while the root-msan-souars angular ;_nvqr«-
genoce does not exceed 0.2°. To transait the images of the beam oross-~
over into the target working volume use ia made of two quadrupole
magnetic J.nses (QUL)® with the magnification of 1;1 each. The rsten- )

rSymetr:lcal triplets whoss mechanical ‘part is manufactured with s
kigh precieion eare used as the QL. During the mechanical assemdly
the geomstrical axes of the QML and gas target set-up are aligned.
Among the advantages of such QML is the simplicity of the readjust-
ment in going over from one energy of the beam to another. .

~
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tion of the Leam initial parameters, i.e. the Zimesions and the
angular divasrgence, end its paseage through the set-up practicelly
without losres can most casily be effected (with the respective se-
lection of sizes and locasion of the limiting diaphrogme) by letting
the beam pasg along the geomsirical axtie of the oet-up, To limit the
beam, uge is made of thros 4iaphregme positionsd along this exis,
whioch simultancously serve as the beam pesitior indicators (BPI)'.
The diametar of the BPYI~1 openiug equals 2 mm. In principle, by
decreasing this size. it ie possidle 3¢ limit the bean crosm ssotiop
as, dus to its position outcide tie experimantel uLsll bshind = bdrick
wall 1 m thick, “he BPI-1 fwsne out to be considerabily withdrawmn from'
the source of useful neutrons and the collimstor inlst aperturs and
to Lo shielded. Respectively, by uring an sppropriate diaphragm fear ‘§
the QMi~-1, it is possible to decresse the angular Adivsrgence of the

beam.
The information on the current &istribution over the ¥PI plstes

is ueed for adjusting ths Q-1 and QMi~2. At s correct adjustment,
the QML-1 yields an intermediate image of the bmsam crossover at iti.e
Place of the BPI~1 location. Then this image is projected by the
GML-2 ‘mmediately in the target working volume., The BPI-2 and BFI-3
arranged syrmetrically on both the sides of the targst tubs at a dis-
tance of about 125 mm each allow us to judge the correctness of the
bu@ passage and the degrse of the besam foousing immediately in ths
4a: zet tube area., The diamster of the BPi-2 and BPI-3 openings shich

The BPI 1s a dlaphragm formed by four plates insulated from each
other and from thie construction parts. Each plate covers an anzle of
a little more than 90°. The currents g0ttt ‘g en the plates of afl the
BPI and on some parts of the targat construction (the target tube,
the puEping-out systes diaphragms) and on the collector (the final’
beem stopper) are constantly controlled by means of multichannel

detector.
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equals 3.8 em i3 g0 selccted that at a normal operation the vean
cannot touch either the edges of the I7 -~ D4 dlaphragaa, or those of
tho target tube belng 4.5 me in diameter.

At the end of the ioa drir{ tube the deuton beaxm hite ths beam
stop cellector which catchee no lese then 99.5% of the bsom currsut
passed through the siit device, 1.,6. up tc 120 ,'.M, under the sel-up
rormal operation,

All the parta of thoe construction which zoy got in ocontaci with
the deuton dHeun m nmede or stairiess. stesl or copper. Yhe collector
heated by the bean curront 13 csde of tantalum. Despiie the fact
that during all the tiwe of the ogerationr the collector ¢ tempere-
ture 1s high thus preventing the devterium "stuffed” by ths beanx
Iroxm belng saccumiatad, tke collecfor atill gsneraies the benk-
ground nautrons witu & relatively high imtensity {(sppsrently, on im-
puritien and, possibly, or carbidee). Tharcfors, ike collector is
withdrawn from tke ierget working volume io the rmaximal distance
allowed by the uxperimentsl Lali and 18 surrounded by blocks of pue~
raffir with Lorax whogse tnicknesns in the direction of the Zeasurimg
roca xeaches 1 m,

The BPis aiso belong to the number cf the surfaces irradisted by
deutens dvripg the nermeal operation and ceteh up to €.5% of the Lean
current, During the system adjustnent carried out without the ges 1ia
the targat susmary {over tko pleieal cuzrents on all the kPIs together
amount tc no more than 0.15% of tae been currgnt. Aszever, when tke
gas is suppiied to the target, the current oa the BPI-3 increases and
at the maximal pressurs in the target it reaches C.4% of the Leam
current and it is impossible tc decrscze it by read justing the syestem. 7’
That lnoreaze of she current on the BPI-3 is, apparsntly, due to a
auliirle maall angle scattering of the beam particlus by the target

gas.
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. The elixination of the deuton bean impact on diaphrsgre 2, D3

;.nd the edges of the target tube spertures allowe us to gst rid of
the wost dangerous undesired scurces of neutrons. KNowever, the deuton
keam gcts in contect with the BPI-2 and BFI~-) surfaces bul thelr re-
motenass frow the collimator axio of the noutron working heam ang
oonstunt control of tne currents on the pilstes of these BPle reduce
the part played by theze sources of ‘he bsckground nsutron down to

e haraless level.

The generation of neutrons oo the surfaces bLsing nosr the targst
working volume takes place mainly due to tho 12@(«!.13) reastion cn the
f1lms of carbon-coniaining cospounds. These ccmpounds appsar and &re
accunulated thers in the process of cperatiocn a&s a rssult o; ths deu-
ton beam effect on the target working mediusm. The rete of formaticn
of such daposits depsnds on the propertiss of & compiund vsed an &
working gas and at the use of the acetone vapour this process gses
relatively slowly, wo that it Lo snoiughk to perfors s routine cleaning
once & woek at the target continuous cperation in ordar to kesp the
contribution made by thess neuiron sources to the general baclkground
at some poraissibie level. The situation is &iffersnt when the ben-
gene vapowr is ussd as the targe: working medium: under the action
of the deuton beum the bentens combines into Lard compounds which
quicikly and irregularly cover all the inner surfaces of the gas target
oconstriction and hang like festoons bstwesn them (4n partisular, cn
the edges of the target tube openings). Thersfore, the use of ihe
benzene vapour resulting under other equal corditions in the neutron
yield being 30 - 40% higher than that of the acetone wapour has turan-
ed out ‘to be inconvenient during long-term measuremsnts (!or' details,
see o2, /4/).

A oconsiderable genersl decreaxs of the ceutron background ise

achieved by mesans of a conventional neutron sxpsriment technique

10
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of the shielding of recording equipment. Ian the case under comsider-
ation we have a room isolated in the expsrimental hall to perforn

neasurcments on a well-ooliimated beam of nesutrons from the target

working volume. This room is formed by blocks of paraffin wi,th_ borax,

Use is made of a double~V-shiaped collimator of the neutron working
baan whose axis 1is dirscted horisontally and forms the angle Olab -
= 30° with the deuton bean; the collimating ohannel dimwvnoions can
omeily be changed by replacing the respeciive insert in the collima~’
tor body (the set-up scheme is given in fig. 3). Prom the inside the.
walle are ocovered with lead sheets reducing the ‘x ~background levsl
so that the use of the reutron scintillation countsrs with stilbere
orystals and the "a -K separation” pulse gating circiut sllows us

to negleot the detector background produced Ly 7Y -quanta.
As a rgsult, in spite of the relatively insignificent amount of

the uscful neutrons yield from the terget uning the =cetcne vapour,
l.e. ~2.104 neutrone per second, per steradian, per f.M of the deuicn
current at the target "thickness"” of 1 ke¥V" 1n the dirsction of the
collimmtor axis, the dbackground coanditions have turned out to be
quite acceptable for the psrformance of iong-iterm msasuremsnts of the
neutron cross sections, daximum permissible insisbilities of the BSA
opsration Lave bean investigated in the asxperiment and it has been
fcund that there sxists a certair upper limit of each BPI current at
which no sufficient deviation of the beam fiom the normal rositiqn

is not yet present and, rosp‘ctively, no significant change of the
neutcon background takes place in the measurement room. These 1limits
depending, apparently, on the character of the experiment tc': be per=-
formed, us well, restriot the perniaaibfla instabilities in the B3A

¥ In calculating the losses of the deuton beam energy in the target
gas, 1.e. the target "thickness", use was nade of the date from

ref. ISIIU
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operation. To got rid of the effect of such erratic instabilities on
the experiment result, nrovision is made for a follow-up systea
blooking the accumulation of the data from the detectors in caee the
maximum permissible value of the beam current is exceeded cn &ny BFI
or on other elemonts of the target cozstruction dangerous as to the
background. ’ .

Por the monitoring two sensors are used: a ssmicozductor detec-
tor of protons from the corcurrent reaction of 12{:(:1,1:) installed ip
the target tube bend and & egcintiliation detector of the same typs
‘a8 those used to measure the croagc sections, mhich detects neutrons
smittod Zrom the target at the angle 8ab = 90° (the detector is po-
sitioned at the outlet of tke special narrow V-gnaped csllimstor and
15 safely protected by the blocks of paraffin with borax and lead).
The agreement between the readings of these nonitore is one of the
criteria of the set-up normal operation. Te perform an additionsl
monitoring and to measurs the cackground with a tlank target, ues ir
Jade of an integrator of the boam current resching the collector
(for some details comcerning the recording equipment, see ref. /6/).

4. Bnorgy Characteristics of Neutron Beams with aEn/Bn~ 5-10'4. .

The error in determing the absolute value of the neutron beam
average onergy should not exceed in a generzl oase the bsam energy
dispereion, 1i:.e. ~ 1 keV in our case. We calidrated ths neutron beam
average energy by measuring, immediately on the neutron dbeam, the
characteristic features of the total cross sections of the elements
whese position in the energy scale was clearly established. To this
a1d ¥e used, in particular, the maxiwum of G, for 12catg =
= (2078.0 £ 0.3) keV /7/. The results of measuring this maximus in
the calibration are given in fig. 4d.

12
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On the basis of results of such measurements it ic eiso posasible
to determine the energy of the ESA deuton beam, i.e. 10 establiah ‘
gome correlution between the analyzing magnet ffold and the beam
energy. It has rather quickly been found that such a cal:l.brat:lon of
the ESA energy scale {using onc peint) 13 not satisfactory for our
purpose: at a variation of the ESA energy by -~ 15% the data of the
%oarbon” celibration deviated from thoss of the energy calibration-
inmediatoly on the ngutron beam as to the total croas sections of
other elements approximately by 10 keV. It has been found that thio .
effect is due to the impsrfection of the analyzing magnet used to
meesurs 'the ESA becm energy, ®which is waimportant et the neutron
energy rasclution of about 10 ke¥ and worse. Therefore, we decided
%0 use a2 number of raference pointe for the calibraticn of the neut-
ron beam energy scale, having chogen for thins purpobe characteristio.
and easily identiflied particular feciures in the total cross secticna
of a number of sacily available elements whose position in tke energy
scale of meuirons is well known .

Pig. 4 prosents scme peculierities of the total cross secticns
of a numbor of eiements which we used to calibrate the energy scals
of the neutron working beam. Apparently, it wouid be mors praferabio
to yse narrow minima in 5t as the reference points; 't would be de-
eirable that their steepness reseabled that of the minimum in the
cross section of zoal’b shown in fig. 4b,

The main reasons for the anergy spread of neutrone emitted by
the target in the direction of the collimator axis of the neutron

In the region of the neutron energies E, < 2.0 MeV the data of the -

&, measurements performed by the ts.m-oz.zught method on "white"
beacms of neutrons /8,9/ may serve this purpose. These beams being
absolute as to the neutron energy determination allow us to reach
the reguired accuracy of the energy scale calibration.

13



working beam were enumerated in the Introduction. Let us dwell on
the part piayed by the deuton besam angular divergence end tke finite
oross-sectional dimensions of the target and of the sample irradiated
by the neutron beam (of the detector in the. G't ma.eurenente)‘..ﬂero
the fact that under other constant parameters the ensrgy of neutrons
from the neutron reaction considerably depsnds on the neutron emisg-
sion angle relative to the deuton boam direction hes a great infly-
ence. In the 12¢(d,n) reaction at Ey = 2.3 MeV and @, . = 30° dE /46
reaches 4.1 kev/degree, 8o that the angular divergence of the deutorn
beam in the target working volums of 0.2° results in the energy
spread of neutrons emitted &t this engle of 0.82 nmv‘f Due to ths
same reascn. the fivite dilmsneions of the target working volume as
well as fhon of the sample (detoctcr) irradiated by the neutron
workiné beaw bring about the respsctive spread of ths ensrgy of nsu-
trons irradiating the sample, toco. Since the neutron energy depeznde
only on 6, the increase of thes dimensions of samplas or detectors
over the ¢ angle does not bring adout an &dditional spresd of the
energy of neutrons. Thersfore, ir the experiments, ir which provi-

sion i5 made for the measurement of differential orose sections of

the neutron-nuclsus elestic scattering (without investigating the-

¥ The estimations skow that under the above conditions the contri-
bution to the neutron ensrgy spread from the temperature sffects on
the target ie negligible as compared with other sources of the '

energy spreed,

’f The contribution from the Lsam angular divergence tc the nautren
snergy spread, which is due only to the bsam properties of our ESA,
is of primary importance. This contribtuiion rises both sbaolutely
and relatively in the transition to the neutron generalion by msans
of the D(d,n) resction, as the neuiror ensrgy increass ialls behind
thet of the dsn/do derivaiive valuc at ehb - 30° (thus, with the
use ¢f the deuton beam with the same energy of 2.3 Me¥ ithe neutron
snergy is approximately three times increased, while ana,'de 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 canmple dimension in ths € angle diroction {is minimal but
the number of investigated nuclel on the neutron beanm path is sitill
sufficient. A
Note that the neutron fields, which roquire an introduction of

such & characteristic of the nuclesar reasction ao 48, /d6 into the
enorgy resolution of the sxperiment during the operation with them,
make i1t possible to speed up the sessur=sment of the total crosa
seoctions by placing several dotectors at different angles 81 in the
reactior plane (see fig. 5) so as to simultaneously measurs the
transparencies for several neutron energies. Az insignificant diffe-
rance in the 01 angles corresponding to different detectors (61 -
- 6,_; <1°) allows uas to use a common collimator of the neutron

bean and oxne sample for alil the dotootoro..

$. Conclusion,

The use of the foilless gas target hes made neutron experiments
with the high energy resolutior realizable., Undeér our concrete condi-
tions with the use of the 12c(d.n) reaction a pomsﬁﬂ.hty of performe
ing the measurements of nuclear total neutron cross sections with the
resolution up to AR /B ~ 5-10"4 and the differentiai oross sections
of neutron elestic scattering with AR /R ~ 2:10™> has been realised.

Muatual disturbances being due to the neutrox rescattering from ons -

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

corrections or resduced to a negligible level by separating the detsoc- .

tors in space. The rate of the collection of ihe information on G't .
in such a geomeiry when four detectors are used is the same as the
rate on the “white® beam in ref. /9/ (wiitk the equal energy spreads).

1S



) Eow it is not the dAifficultiee of creating thin easily repro-
ducible targets enduring high curreuts of the EZSA beax but the pro-
pertise of the ESA itself {thatl impede furtner bettering of the

the insufficient value of the ESA beam current, which does noi gua-
rantee the datector count rate accoptuble for & neutron experiment
realization, either by the Ilncrease of the target thicknees o2 by
that of the cngular dimensions of samples (deiectcre) or by this
and thsi together, which results ir the worscning of the energy re-
solution, It 218 precisely the atate in which undser cur conditions
are the messurements oif the differential cross ssctions of the neut-
ron elestic scatiering Ly nuclei over s wide range of scattering
&ngles. On the other hend, at & surficient valuq_o! the ESi current
1% 1s evidently not jJustified Lo make tha neutroli en#rgy spread 1o
the beam, 'whtoh i¢ dus to the target 'zhicknes'a; considerabl.y lecw
than that due to othsér sources. It 1o oniy by using t,th the deuton
beanm, whose aagular dlveréghce on the target was brived by changzing
the system of its passage through the set-up, anid the special detoo-
tor with the small (cver 6) angular dimensiorn thut we have carried
cut the measurements of 6; with the best erergy rescluiticn of

AE /B ~ 4:10~4 (2ee fig. 4d4). The reduction of the ES: beam angls
divergence in such a way seews highly imperteant in ueing the D{d,n)
r;action. though it 13 accompaniad by some curreni losses in our
case. However, this way is unacceptable in measuring the diiter-n-
tial o:rose secticas of elasilc scattering of neutrcrns witk thke snergy
of ~2 MeV for the meaourement of which, strictly epeaking, cur set-
up was deeigned /i0/.

It is obvious that in each sxperiment while choosing some ensrgy

resolution, one has %0 maks a compromise deoision being determined
by a concrate physical problex defining the experiment geometry and

by the parameters of the ESA used, In this conmection one nly,
16
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apparsntly, canolude thet the value of the neutron onsrgy spread of
‘snergy rssclution in experimsnts. Thus, one has to compensats fer
the neutron beams obteined by using the above-deroribaed meshod is

practically closs to the $echnical limit deterwined exolusively %y
+he properties of modern ESA.

-
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Pig. 1. A scheme of the gas target sst-up:
WY is the target working volumes GS, the gas suppiy; PG, to the

‘pressure gauge; D2 and DI are the diaphragms separating the firat

sad second pumping out stages; D1 and D4, the diaphragms separating

the second and third puaping out steges; Ref. I and Ref. II are the
refrigerators of the first pumping out stage; Ref. III is the second
pumping out stage refrigerator; 7TI and TII are the trapsrefrige- -
rators of the third pumping out stage; DPI, DPII and DPIII are the e
diffusion pumpa; VP, the forsvacuum pumpss X, the vacuum valves.
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7ig. 3. A scheme of the set-up for measur-irg neviron croas sections:
1 = the gas target working volume tube; 2 ~ the aperture for the de-
uton dbeam passage; 3 - the deuton deam; 4 - the zemiconductor detec-
tor - monitor; 5 -~ ths block of the neutron deam collimator (a vyer-
tical cross section along the uneutron deam axis); 6 ~ the replace~
able insert with the collimator channel; 7 - the cociiimated neutran
beam axiss 8 - the sample for measuring ihe neutron slastic scatter-
ing differential cross ssctiong;9 -~ the detectors ol slastli 1ly
scattered neutronss 10 - the part of the shielding rooa rear mall
with the opsning for the neutron beam exit (a sectional view); 11 -
~ the detector used tn zsasurs the sample transparsancy, beam shape
and to adjust the set-up.
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Pig. 5. A scheme of the sst-up for measuring 6, ¢ simultuneously
by several detectors;

1 - the target; 2 - the accelerated 1on deamg 3 - ths sample
location in messurements; 4 - the neutron deam collinmator
vertical cross ssction; 5 ~ the detectors of neutrons.
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