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Stud1es of .;tructures w1th 1-10 R in slze have attracted -

ﬁnowadayf' comuderable mtereut in varlous fle:ldu of sc1ence._
l-f'hm phyu1cs of condemed matter, blology, chemlstry, geology- i

*”’There are various ohjects of interest in these studies: | thm

: aggregates, l1qu1d crystdls, synthet1c and natural polymers, L

' layers multllayer systems, blolog1cal membranes and molecular

super(‘onductors {1 =+ 2]. Arong conventlonal ‘methods  of

;kistructural studles the neutron methods are 1rrep1aceab1e : [3] g

T‘,due to penetratlng properties of neutrons through matter_«»&

5 .Fu‘st of -all, it refers to small -angle neutron scatterxngA“‘

v,,,y,f(SANS), as ‘well as small—angle neutron reflectometry (SANR),

2 'V'lconventlonal neutron dlffractlon Meagurements done w1th the

'i‘mentloned methods or by industrial appl1cat10ns (neutron :

;,-wh1ch a.re more and more intensively used, and, besnies, “o'; S

= rad1ography and tomography) lead to measurements of a count in- °

many polnts of .the resultlng neutron field. Conventlonalf,;f

Scanﬂlﬂg by means of the neutron ‘counter with a narrow ‘slit s .

;v; cannot fu11y satisfy requlrements of these methods. It takes o

:: lia lot of t:une and. summs the rad1at1on backgroxmd A mdem
exporimental instrument based on the SANS and SANR ia
"k:‘)character1zed by a data acqusit1on systen based oniatT
p°s1t10n—sen31t1ve detector (PSDh) of neutrons [3]. s

- PSD for neutron scattering ‘experiments are kof varlous

"
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‘size, shapes ' and posses different detectlon parameters-
-”'k(spatlal (angle) resolution ,. .count rate, detection effxcxencyj,» )
i,or non—sens1t1v1ty to gamma. background All kinds of radlatlon o

detectors (gaseous, sc1nt111at1on, semiconductor, 8011d



' p031t10n. The pPIDCIPIGS of work _and: paxameters‘

3

,to a neutron PSD depend on the fac111ty used for the dGQJEDPd REP.
’experlment It should be emphaslyed that at the 'present tlmcl

_.experlments

;developed at JINR (Dubna),’ the pressure»vessel was{ fabrlcated’;»'
‘in FiAHf(ﬁoscow)- It
" peutron fields in SANS, SANR and diffraction experiments at .

s constructed in FIAN Moscow. The detection system is based on i»

’ fthe multipurpose- dlffractlon fac111ty DhM-1,

";ncludeo a small-angle diffractometer and a

“besides, : a>twoFCrystaldmonOChromator,‘
;fr‘colllmators cryogenic and termic chambers, etc_
\i; wavelength’ changes ‘from ‘1 to 20 8 and  the neutron “heam
heflnten31ty doesn t ‘excess 1@5 .
f‘7:neutron channel ‘of the IRT MIFI reactor ( Moscow ) uhere thevy"

kspatlalfresolut1on~‘less than 37 mm (IWHM)

~ generalj“at “neutron ‘ scattering - experiments

state ) are used to. perform ,senSitive'

neutron PSD are presented 1n the review [4] “The

gaseous detectors w1th 3He f1111ng are used more often in’ the o

“The appllcatlon Tof - neutron - PSD

: parameters of the experlmental set—up, reduces the measurlng;‘*'
‘ t1me 81gn1f1cant1y and 1ncreases re11ab111ty of results.
A two-dimensional detector -of slow neutrons together w1th1‘“ '

k readout electronics  and data acqulsltlon system "has been

'which“has

two—dlmen51ona1 detector with hlgh resolut10n~ because off~r

. narrow scatterlng angles at the’ above mentloned experlments"

(29 < 16 5 Be

neutrons/s.'

:’DNM—l fac111ty is 31tuated "”"' e o ’,‘ o .;

“Dae”to the Timited 51ze of the experlmental area, the

is needed- "In

‘detection “of- neutron
~of "many‘

requlrements'

improves

is/ used for digital registration of"

The - multlpurp05e diffraction fa0111ty DNM- 1 L
standard one,‘
‘several focusiné 'slit7;

Phe neutron;ih’ﬁ

at the hor1zonta1f"?r

,ﬂmrlm@ tmmééz

‘ as the neutron flux in the -
‘(over

: and readout electronlcs were de51gned.

'the work fulflls all the maln requlrements and 1t wau

I‘due to ¢ prlveous good exper1ence [6 7]

P

k detectlon stabxllty is’ requxred and the detectlon sen51t1v1tyf

for gamma~rad1at10n should ‘be as 1ow as’ posslble,' but the
detectlon efficiency for slow neutrons must be- maxxmum- As farr
experlmcntal beam “at a steady’
state reactor almost reaches 105 neutronn/s, h1gh count ‘rate
10 ) of the Theseﬁ

elected events/s 1s requlred

‘rcqulrements have becn taken into account when the detector‘k
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2 NEUTROV PbD

S two~d1mens10na1 detector de)crlbed below lu baaed on Vab‘

‘X standard mult1w1re proportlonal chamber (EWPL) w1th a delayi;“

?llne (DL) coordlnate readout [5] The readout method used 1n ;J

rchosen

The detector together w1th electronlcs 1s de51gned for

d1g1ta1 reglstrat1on of .a spat1al dlstrlbutlon of neutronr

‘7 f1e1ds countlng each neutron separately and determlnlng ‘itsyyfu
‘”coordlnates 51mu1taneuosly A schematlc view of the detector;"

‘fw1th electronlcs 1s shown in flg 1-,

e The neutron PSD con31sts of : . ‘ e
: h ~a two~d1men81ona1 MWPC placed 1n a sealed alum;nlum:“
- vessel and worklng at hlgh pressure in va gas mlxture}-

based on 3He, : o ; li
'—readout electronlcs and data ' systemi

”‘des1gned for coordlnate readout of events from MWPC- and

acqulsltlon .

‘ , data acqulsltlon u31ng a hlstogrammlng memory connected:
. with a PC/AT-_}- V

7'—PC/AT compatlble computer w1th the software to—nf



“resalt in notlceable nonun1form1t1ea of the

‘ control the data acqu181t10n system, perform prellmlnary“ﬁ

e data prose551ng and dlsplaylng the neutron field
‘2-1hConstruction‘of the detector .

o Thel detector, standard MAPC, is placed
alumlnlum vessel with inner sizes 500 x 360 x 22 mmc)- 'l'he
vessel consrts of two parts ‘a base plate and a cover Wi th a
recess of 2760 x 146 mm2 outside to prov1de a 6 mm-thick 1nput
. window for neutrons.

window should be less than 5% (at A= 6 R).

g temporary seal1ng in the prelmmary experunents ha., been"

accompllshed by a sunple vacuum rubber "Of' ring,
. leakage was less than a. 05 atm/month at a pressure of 4.5 atm.

,Slnce the 1nput w1ndow serves as a drift space electrode, it

.has to be flat w1th1n 6 25 mn. .The larger deformatlon would

efflclency The wmdow deflects less than e. 2 mm al, the g,a.,_‘\" |

pressure of 6 atm. ‘ A R

" A view of the detector without the cover i . shown lvin
( f1g 2 All electrode frames of flbreglass w1th stretched wires
: are assembled topether and pushed xto the base plate by means

of a metallr frame- Preampl1f1ers and h1gh voltage [H. VT
networks are placed on the, oppo.,lte 51de of the base plate and*
connected wlth the HWPC via glass feedthroughs. Valve " and a

‘pressure gauge are connected v1a extensmn tube., to’ the ‘upper
; s1de of the base plate It allowu to handle and Lontrol gasg
B when the detector 15 1nsta11ed inside borated polyethylene

shleldlng box.

in the gealed :

The neutron scattering in the input
'l'he" base plate .

'together uith the cover is .,ealed by “the. 1nd1um wire.: ’A-H

the gas l

detect1on

L et e e e

—thlck STEF 1nsu1ator covered w1th ~copper. fo1l

The HWPC has a semﬂtlve area of 320 X" 196 nznz but due to -

= ,the construct1on of ‘the 1nput wmdow the : sensltlve v area for’

2

B ;neutron., 1.; somewhat smaller,' up to 269 X 140 mm»-‘ The
= electrode geometry of “the detector is 111ustrated in fig.3.- It;.‘« -
"jjconsrlst of thef_lat ;HWPC
_ K 1nput elndon— cathode and cathode —drift electrode—Z)_,;._:_»,,'
L sens1t1ve volune for neutron convers1on has = the = total
-thlckness of 21 mm. Spacing between ad.Jacent electrode planesj _
oo is, 4 0 mm w1th except1on of the, gap between dr1ft electrode—l:
L - and dr1ft electrodew 2 whlch is 5 mm.. Drift electrode 2 13"_“':
L made by coatlng the bottom of vessel base plate by a. 0.8 mm
: k - The anode -
; felectl ode is streched w1th gold—-plated tungsten wires of . 20—-}-&11,“_‘ o
d1ameter w1th 2 mm_spacing. Anode w1res ~are , all. connectedff:‘
f.together to obtain the total energy 31gna1, wh1ch is used fOI‘f)
; /the background dlscrlm1nat1on and gatlng of coordmate readout‘ S
: P electron1cs All the other electrodes are. of Be—Cu wires of. ;
*_50—un w1th 1. 6 mm spac1ng-: Cathode mres are soldered on. the Lo

pr1nted c1rcu1t boards and mterconnected J_n groups of four

= " Each wire group yls“solderedh to one _‘of . two . delay lines to =
V-Vfoh)tai!n‘a spec1f1c de‘laépoﬁ the inte_rconnectiion';f'—' '1-6 ns per
g of the corresponding coordinate. Signals from each end of‘:, -
“'-'_Vév_ery “d‘elay line’ a‘re,‘lped,;to,its low-noise preamplifierwith the . :
L mput mpedance of about . 3002, which is close to} the . delﬂay"‘s: B

o lme :unpedance

The detector 1s operated by means. of two h1gh voltabe

i ,POY-ler supplies. A hlgh positive potent1a1 up to 6.5.kV, can, be
put on the anode. CattheS together with delay lines are h‘?ld e

supplemented by two drlft gaps oo



t a pos1t1ve potent1a1 too, correspondlng to 30 % of the e
‘ ”anode potent1al which is obtained. by a voltage d1v1der-:AThe“
: 1nput window and the drift electrode 1 are grounded The drlftff
electrode—Z 1s held at negatlve potentlal (~ —1 5 kV) or at,d
- pos1t1ve potent1a1 ( + 1.0 KkY), depend1ng on ‘the fact whether ‘

the drift gap (drift electrode-l - drift electrode-2)"
,’sp1tched’on or off. '

2 2 Delay l1ne readout e ‘/T‘

, The delay- l1ne readout from HWPCs-has been uuocesfully R
used 1n many appl1cat1ons 4 = 10] Delay 11ne readout is r?’: j ,
’good comprom1se between,the requlrementa, rueh as the 5pat1al,{‘

o resolutlon, the count rate‘ capab111ty and ther cost. The’ f”'
'!spat1a1 resolut1on of 0.1% of the total coord1nate length and}fﬁ
count rate up to 106 events/s are achievable. w1th thlS method-‘_aj°
”f‘A dlsadvantage of ‘the delay line-is that 1t needs the higher

: gas ga1n 1n compar1eon w1th the ) centre ‘ of‘

:method[ll 12] to get a hlgh spat1a1 resolutlon ;,In the case"’a

7v‘of the neutron detectlon the requlrement to spatlal resolut10n

'1s not s0 str1ct Tak1ng into- account the spatial’ resolutlon :
" of. pr1mary 1on1zat1on it is posa1b1e to operate the deteotor ‘
T‘at a moderate 51gna1/no1se rat1o VA spec1f1c delay T = 1 6/’rmn'f1
vhas been chosen. It prov1des suff1c1ent resolut1on <1 - The L
attenuat1on of delay 11nes (connected w1th the MWPC) is = 202."
VAE The" r1se—t1me of cathode’ 81gnals from the preampl1f1ere”iéfv~‘"

'_35 ns; measured for meutrons with the gas mixture 3.@atm. He+

-+ 1 5 atm- propane-

l gravity

-d Deteotor s eleotronlc system E

'JThe electronlc aystem “1s d931gned for the coord1nate,

h,readout ‘and’ data acqu1a1t1on 1n the form of a,two d1mens1onalli
h;1mage " The ‘main advantage of the' delay llne readout method ‘can
' be. seen in the fact, that'a low number of readout Channels g;epf
fneeded: only five channelo in 2-D detectors. It Smel1f1eb
readout electron1ca and ‘the determination’ of coordlnates of aljj
“,detected part1cle ‘leads to the precise’ measurements ‘of t1me o
‘ 1ntervalq between arrivals of signals to both ends ‘of each :
.delay line. 'The count rate capability of the deteotor Wlthf,
‘readout e1ectron1cq ‘is defined md1nly by the total tlmc delay::h
.of the used delay lines. 7The readout electronics addu 50 = 100‘?l
I~ns”t0‘the total dead time, add1t1onally, due to ‘the~<veto{"

‘v,“log1c-

Readout electron1cs— (in~‘CAMAC) iﬁvolvés}‘thé';fdi16§iﬁg

f;un1t Lo ma HE R S

’ ~~low -noise preampl1t1ers (placed on the detector) -and‘_d
‘v, amplifiers (in the .CAMAC “crate); R f
—constant.fractlonqdlscrlmlnators; , 5
'”fthine?to~digita1' eonberto}s'!(Tﬁdjf (bhé t'}or g ach,'
~‘coordinate), which' digitize ' time | 1ntervals betweenr{,
aignalfarriealigi1ndcp¢ndently on the s1gnal comlngi'
First; moreever, ‘the veto IOPIC and 3 fold FIFO memory}f
“are-included in each.TDC for proper event select1on and‘fi
derandomlzatlon of: P01euon utat1st1cs of partlcle flux,ixj
-hlﬁtogrammlng memory; IS B ' , .;irr
~CAMAC crate: controllerllnterfac1ng a PC/AT (omputer :;5*

/v:‘Morcover_ ~the electronlc system includes H. V. powerf

‘reupplylmodules, a quadjcountertand some other aux1llery LAMAC



g ;h1stogram1ng memory 51gnals Relahons ‘of the se . counts

7 ‘?'dwplaymg of the acquired . 2-D. pattern-

* modules. A11~ the electronics system is. in two CAMAC crates.
: the flrst one 1s placed at the detector ‘on the experunental-,’ '

~“channel. ‘Five NIM—level signal from dluCI‘lmlnatOZ'a are led via . :

. coanal cables to the second crate whlch
PC/AT in the distance of some. meteru- L

Thus, neutron field map is acqu1red on -line. "A< quick

check of correct data acqulsltlon at  .the  .experiment

-provided by,means‘of the fourfold: counter ' ,._ ;:hi'ch displays

S eounts 'in the anode channel and one of the - cathode. channels :
“strobe ‘of‘ o
to‘

- together with counts of "digitalizion enable” and

the anode count are automatlcally dlsplayed on the PC dur]mf L

4 data acq11131t10 Mte an unproper “H.V. .,eftmg,i o
',d1scr1m1nator ad,)ustament etc The ma1n parameters .of the‘

L used readout electronics system are presented m Tab 1-,

24 Software for the‘neu_tron,PS'Df
The program, writ/tenb ~for. the ' neutron PSD ‘ allows to

, ooutrol' aoquisition of 2-D patterns and.
- the FPC/AT. . Further it makes prelimmary proceas:mg

' ar1thmetlca1 (add:xtmn, L

mu1t1phcat10n, d1v131on) with two matrlx of: 2~D ~pattern

operatlons

. B to dlsplay a neutron fleld map on the
il”The : 2D
'Region—Of—Interest (ROT); calculates the ;everage‘ count/pigiel

© in a RO and its standard deviation, displays - ‘

program - searches mlnmm/maxmum in- ~‘a

cross-sectional

“dhisto‘grams of a ROI. Later on searches i)eaks in the histogram .

“is placed at the",

s

its transmissmn ‘to -
and
1t allows to make
/ «subtraotion‘,’v'
and S

PC/AT colour monltor-, o

S U Tablel

Specifications of the electronics system

:_;nmnber of spatial resolution élements:

~ -integral non-lipearity o _
-rate capability (at 20% counting losses)-

g S 3 o J’—accuracy of the coordlnate detemlnatlon ‘

e -—dlfferentlal nonunlfohnlty ‘ 7

i -m/lulmal time channelwudth

‘Qmaxixmm’coded time  interval

Table 2

Spe01flcat10n of two- dlmensmnal neutron detector

- 256x256(x2'§
®.05%
'\;260ij2;1‘7 ,
<1 ns (FWHM) -~ =
o=0.4%
.1 ns k’, ‘. .
‘;12" bits(’o_r :

2. 01-18)

" Dynamic range (due to background)

9

PO ;14.~‘ ) ‘Detector prmc1p1e : MWPC with delay 11ne readout
g F 2. oen51t1ve area . 260 x 140 nmz-.' o
- Ll e 3\. : Number of resolut:mn elements 250 x 72, .
!\ 4. Pixel size 1.07 x 1.99 mn®
5. Gasmlxl;ure : 3 atm. 3He + 1. 5+2.2 atm. propane S
% 6 - Detectmn efff1c1ency(at A=6 8) >80 % :
! 7.  Background: ,
P T -in the laborar.ory .0.2-0. 5 anode pulse/s (1ntegra1) 0
N oL -at experlmental reactor 2.8:20 anode pulse/s ( 1ntegral)
: : ’ L PR a R 5:3 seleoted events/s
B f. v 8- Count rate capability _209kHz of selected events
,,,/iﬁ:r fi;‘9;k - Un1form1ty of detectlon ) ) ,‘, o
‘ - efficiency =25% alllsensitive area -
2 - < 2.0 % for x-coordinate
{ - 10_ “Integral nonlinearity -  =e2% -
’ 11. Spatial resolution: x-coordinate  <2.0 mm (FWHM) L
i e » ~ y-coordinate =26 mm (FWHM)
G 2104



»ﬂ-fthe gas. Due to the hlgher energy of the proton (

o 1onlzat10n is displaced agalnst the p01nt of 1nteract10n.

fand calculates thelr statlstlcs (FWHM

tlntegral counts)-k J" .

‘ /3 | Dmcriow oF "qwﬂ NEUTRONS

The detector is f111ed with gas mixture' based on

:ylsotope 3He and propane. Neutrons are detected »v:a_ thé
e reactlon 3He +n + 3H + p + 764 keV Resultlng protons and

v;'trltons 1eave polnts of the 1nteraot10n Ane the oppoa1tp v

d1rect10na and 1sotroplca11y »1n the space-‘ Each partlclo

: produces a track of 1on1zat10n About 3 x.104 1on palrs

;J~re1eased at the full absorptlon of the protonf and trlton 1n
573 keV)

the centr01d of releaaed
The

ff.and 1ts lower vstopplng power,‘

L /obtalned spatlal resolutlon for neutrons, thus oorresponds to

‘spatlal dlstrlbutlon of centr01ds -of 1onlzat10n progectlons to.;d

. the detector w1th 15 -atm: of pure 3He »the spat1al resolutlon B

'hmlt is about;.3.0 wm (qu) [131-+
'admlxture at pressure of 8.5 + 2.5 atm. to. reduce the range of -

“The * use of " propane

;protons [14] seens to be. the optlmal ch01ce

!resolutlon 1n the range of 1. 3:2.0 mm: [15] can’ be achleved At e

ionce propane acts as A proper quenchlng gas to helnnn,

. moreover has
background [16]- B e T

8. 1 Detectlon of .gamma, background ,

It is posslble to supposse that.: only' photons satse the

higher  than % 160 .keV,

;energy,,1
i 4

‘the

and'

;centre4of;grayitity,infe

are?'

L a.correspondlng coordlnate for many reglstrated neutrons In/f‘

The spatlal o

.. the: m1n1ma1 convers1on efflc1ency' for gamma

.are  able* to cause ;some-.3

e

“;abaokground
7 in the energy range 0.1 +
1; 1ncreaslng For the glven size of thls detector
;7from '9_9x10

: due to the photoeffect and Compton scatterlng,

Jan electron, "which ¢an hé detected.

The calrulated probablllty of photon 1nteract10ns
f1111ng 3 atm. He + 1.5 atm CSHB decreases whlle photon energy?
At changes B

3 In effect,“

"at 109 keV’to 0. 4x10 at 1.0 MeV

'éach” nhoton;'

w 1nteract10n w1th the gas f1111ng is accompan1ed by release ofi

s

of X« and —ray 1ndu01ng emm1s1on of electron from sollds
R 211, we can’ “egtimate the contrlbutlon of electrons hinﬁeoted

't'from the input w1ndow and wa]ls of the pressure vessel to the”d’ -

’tfbackground in the neutron detector- Summarlzlng-

... ~the energy spectrum of these electrons has a broadl
"ndlstr1but10n w1th a peak placed at 50 + 90 %

energy of gamma (E ) and more than Jﬁ% of electronuf

e;spreads mostly in the 1nterva1 energy 0 2 1 e E
"'E >100.keV; |
‘”‘NOStly ‘the _electron yield is :incresing,;

‘w‘hne,
‘1ncre51ng of. proton number Z' - 3'  “"7
—the electron yleld has a 31gn1flcant mlnlmum for“i'

t106—300 keV photon energy, dependlng on target Z and7l]

RN VlS qulckly 1ncre331ng up to about tenfolds at E —1'3f;
for alum1n1um for K. 160 keV and 1 0 MeV thef'

?

electron yield is 8.2 x 107> and 7.3 x 107
. photon, respectlvely, for a normaly incident beam, and
1 0.9x10° and 28.3 x 1070

isotropically incident beam.

electrons/"

electron/photon for 'an,'

11

el T

5 MeV (u51ng data [17]) for the gasf‘;ﬁ

of the"i"‘

for“Vn



It is. p0531b1e to conclude that electronsr released”frnm;
the detector vessel mater1a1 make a cona1derable part of the<1'~
gamma background The calculatlon and meaqurements of thlﬁ '
effect have been reported for plastlc tubes,»,frequently used :

in hlgh energy experlmentq [22] even in thc worse case {for . 1)"

the neutron.detectlon) of argon/methane f1111ng Accord1ng

thls, the contrlbutlon of electrons released from tube walls i7f_{ﬁ>

“to the total background is. predqmlnat;ng at the photon'"g

} energy above 200 keV.

When the hlgher gamma ‘background dlscr1m1nat10n in"a

: neutron PSD 1s needed, it w1ll he necessary. to take. electrons -

released from vessel wall 1nto account.

- 4_TESTS OF THE NEUTRON PSD

At the beglnnlng the. detector has been ‘1nvestegated;‘and,

S adgusted 1n the laboratory ‘by - means bof
neutron~em1tt1ng radlolsotopes. All. the prlnLlple parameters:
the spat1a1 resolution of the detector and all the

dev1ce,

‘ " gas galn character1st1cs, the 1aboratory backround 1evel . etc{‘in»

have been checked Further, the electronlca has been adJusted
together w1th the detector from the p01nt of v1ew of . the .

spatlal resolutlon and un1form1ty of detect1on ‘efflclency-iij

Some testa have been performed on the nuclear pulse reactor.;'lyw‘

IBR~2 at JINR Ma1n character13t1cu have been cheoked agaln

after the 1nsta11at10n of the neutron PSD at the IRT reactor-:'

12

-gamma- ‘and f

st L et 3

:.multlchannel analyser using

4 1 Prellmlnqry laboratory testsﬁw

The 1ntr1n51c spatlal resolutlon of the detector has been;,'

Adetermlned by means of a time- tO*apmlltude..converter “and

Fe (5.9 keV) and 241Am (59.6

:‘keV) rad101sotopes. The resolution of 0.4 mm (FWHM) (fig-5){"

and 1.0 mm (KWHM), res pectlvely, has. been measuredmvfor ,gas

- mixture Ar/CH (86/20) at pre ssure of 5 atm. . Together ‘Withbe

the above mentloned electronlcs ~and. PC, " the resolutlon of 1 5.7

(FWHM) of 59 6  keV measured

~has _ been ]ncludlngny

:,quantlnalxon of 1 Omm / 1 channel of the coordlnate_ alongr';
Wanode wlres-'i , SR ) ‘
The un1form1ty of the detector‘~reuponue in- each image) :

fi p1xe1 to - the unlform Jllumlnatlon (it is a mearure of

dlfferentlal non- llnearxty) dependb on many faotors,'lncludlng‘

- constant gas gain acrous the whole .sen51t1ve 'area_ The -

;; ~standard dev1at1on of anode signal amplitudes. of 1.7% has been;:;

achleved across the whole sensitive area, svannlng -~ the:

detector by means of the cdllimated ~55Fe source. After thef‘

\i', adJu 1ement of electronlcs the dlfferentlal non 11near1ty l 87
“and . 2. 6m “has been achlved for the coordinate :along: andﬁ},,
”:*acr0uo anode wires, respectlvely To get the uniform response .

in oach channel for the voordlnate across anode w1res .at: the:,

unlform 1]1um1nat10n of the detector

:ff7chooso the same number of channels. and the number of ‘anode'

“w1res per un11 length. .

13

it was. necessary to‘i”‘



;‘ 4. 2 Pre11m1nary tests w1th neutrons

Among the worse propert1es of- gaseous deteotor ‘we can?;:;
1nclude the effect of deter10rat1on ‘of the energy reso]ut1on,"“

Quant1tat1vely yltf

"'generally, with the - increasing gas galn

‘depends on many factors the volume °dens1ty of" the ‘primary. -

1on1zat1on, the used gas mixture, even' on its comp031t10n

{233 Th1s effect 1s obvious at the detection of neutrons bymd

' -means of the gas m1xture based on 3He, where the h1gher

'”»stopplng power of the proton and triton is amp11f1ed by the‘

A'hlgher gas pressure

: Using the gas mixture 0.1 atm qu + 2. 9 atm 4He - 1.5 »Lkﬂ:“
':atm CSHB and the Ra-Be neutron source’ the energy resolut1on ofe:i‘i
’the pulse ‘height* d1str1but1on of anode - s1gnals has been

o measured for slow neutrons, 111um1nat1ng _the - whole. detecforlifﬁl

,’farea, Therenergy resolutlonrof the 764 keV‘peak,,correspondlng'd"
';'to'a:"full absorption'"of‘ the proton hand triton"of‘ l5 %‘["‘

““(FWHM), has been measured at the collected charge from anode
= fof 5 % 165e (with T = Ips). 3
F1g 4 1llustrates the deter1orat10n of the

o

; fpotent1a1. The d1fference between the anode and cathode ‘ﬁft;
‘potential is a)3.0 W, b) 3.4 KV and ¢)3.8 KV, that

| et rs

~ 1ps) a)6xie® ¢ b) 3x10% and ) 1x16’e”. ‘It can bef o
'Mexpla1ned that due to the resultlng protons and tr1tons, the

5'corresponds -to the charge (collected on the anode
5

‘;ampl1f1cat1on» of more densed ionization becomes to be .- '
7“ksaturated And the ionization - due to the electrons, (from & -
photoeffect and Compton of gamma- background keeps ampl1f1edfsﬂ

. without any significant saturat1on.,The deterioration of the -

14

" pulse high d:\;’

~;;d1str1but1on of anode 31gnals w1th the l1ncreasing anode,s7

s

. : el
sk e

5 g S ek eV i e N A

R RS
Pl o= el

fdependence
L (w1th T = ips) of 1x10

i e

against the anode'p0tential Fig.6.a) shows the

i e o

e

g

‘aenergy resolut1on makes the d1scr1m1nat1on of neutrons worse

aga1nst _gamma background : wh1ch accompan1es ;each neutron.

source: The gas- mlxture used at these measurements, has veryi~f'

low detect1on ‘efficiency to neutron (of about 1%}, thus, che'
gamma, background is exagerrated Also the effect of partlal

;,saturat1on:of the gas ampl1f1catlon.1s v1s1ble in fig.b, whlch‘
‘kshous the dependence of amplitude of anode signals on’ the -

anode potent1a1- An apparent deviation from the exponent1al_fr

at. the
6 .

beglns charge collected on. the anode‘r
2x10 ‘electrons. ' :

‘ For the re11ab1l1ty of experlmental results 1+ ,isf

important‘to maintain good stability of .the main parameters

efficiency

»'curve for. neutrons ~which has  been measured Tafter'~;the7'
" installation of the detector on the experlmental channel.;,"

'*Nplateau of 500 Volts can be distinguished,. where a slope 18 4y

6 6%/ 100 V-t‘

The detector connected w1th data acqulslt1on electron1csid=

;and PC/AT has been.tested ‘at hlgher count ‘rates at - pulse'r»‘
‘ reactor IBR-2 .( Dubna) -The frequency of neutron pulses is 5 Hz; f;:
‘and in the place where the detector was situated while tPStlnngT
V?!more than\95% of neutron arrlvalsvhappened in the  total t1me-?»f
~“interval ©.27 s;perheachlsecond-(At,lﬁ_% counting,»losses‘ a0
-t: 089,events/s’haye-beenfrecOrded,in;the,‘histogramming memory-n ,
»‘Itﬁcorresponds to the count rate of 150. QGO event/sd‘at-iajylg
,,“f steady state.nuclearfreactor-,The:counting limitationj,of,;the:j; :
o ;1described PSD causes due to the total delay of the DLs. L

15




'4.3. Backround ﬂnrob}')e’rties, T e v

Flg 6 b shows the same efflclency curve as in flg 6.a inzf'

;'a semllogarlthmlc scale together w1th background at the

dlffractlometrlcal fa0111ty DEM1. In the - plateu »reglon the j'

_dbackground makes 7 + 25 imp./s as an 1ntegral count - of anode
‘;51gnals w1thout addltlonal sh1e1d1ng of the input w1ndow- The
'fdetectlon efficiency for neutrons ‘was. < 10 %, : that

“deterlorates neutrons/background ratio. W1th the supplement“

th sh1e1d1ng tube around the 1nput w1ndow the average backgroundf:,

,out51de of neutron spots varies - from 3x10 to ?x]@

\counts/s/plxel It corresponds to the background count 0. 6= 4;'t‘;
l counts/s, it ‘is 10 t1mes better, than anode count only- TIt'tf‘
’uresults in the estimated neutron slgnal/backgroud ratlo "fo%!:*
L about 10060 + 1 Really, latter it was achieved with the fully';

o 3He filling.’ ’ .'f,“ o R el “1:‘1
B “The ‘background at  the experlmental channel in “/thei

e env1ronment of the pulse reactor IBR-2 was changlng from 2.0 tOi,dJ

15 anode pulse/s without: add1t10na1 timing dlscrlmlnatlon‘ and-

'a‘depended on the shielding and allocation of the detector Hhen‘d :
;i—the reactor was off, the background was about 0 2+1.@ anode :f'

’pulse/s_

‘4.4: Imaglng propertles of: the neutron PSD '

' The detector has been filled with the gas mixture 3. 0:‘1‘?‘
ratm 3He +2.2 atm. CH.. The spatlal resolution of. theif;‘v}

38

,detector worklng on 11ne with a- PC/AT is demonstrated in flg-f;

i 7.a,b. The neutron beam has been colllmated by means of two : (:f

{Lparallel slits (0.3 mm w1de) separated from each other in- a

16

;_HWIPGS (flg 7.a,b), respectxvely_rv

Vs?contalner w1th B C 10 9] ™ placed before the detector W1ndow

‘Tfo means of the t1me—to—amplltude converter and multlchannel

analyzer the spatlal resolutlon of 1 4 mm (FWHM) has, beenf

, ;measured for the pre01se coordlnate along anode w1res. When '
We take 1nto account quantlzat1on of the r'yste"ﬂ w1th PC/ATi‘
'j(l Omm/channel and 2. Gmm/channel) and the colllmator w1dth -
:thls resolutlon corresponds to the measured value of 2 0 mm' :

and 2 6 mm (FWHH) for the coordlnate along ‘and- across anode ﬂ

U

Fig. 8 1llustrates dependence of the, spatlal resolutlona‘h

'for neutrons on the anode potential of the detector togetherffx
' },wlth electronlcs-vfhe cathode dlscrlmlnators ‘have been set to
Ca threshold which corresponds to the spat1a1 resolutlon lessj““
bthan 1mm and by means of the anode dlscrlmlnator has been set g

’f”;ust above th1s value_

The, 1ntegra1 nonllnear1ty ‘of the detector, has been

‘;mmeasured in real geometry of SANS experlment A cadmlum 4sheetji’
uf lw1th pre01se1y pos1t10ned ho]es of a 10 9 mm. p1tch has been;f
"ilflxed d1rectly on the 1nput w1ndow The detector has been‘:
.blllumlnated by neutrons scattered from a small parafin target”l
"~p]aced in the neutron heam 20 x 20 mm2 in: 517e_; The measured o
delntegral non—11near1ty (as max1mum dev1at10n from. the linear
it related to the total ]ength) “does  mnot exceed 6 2 %, ;‘;
’1nclud1ng a,paralax error caused by the thlckness of theijt
fﬂdetector and the parafln target—detector dlstance of 1500 mm_vk

‘An example of SANR experlment is shown in flg g9 when La.

5\J/mult11ayer structure w1th.per10d1c1ty of 60 8 on the glass'y
"substrate -Was 1nyestegated in two sllt colllmator geometry at;jﬂ

‘i'h = 2 2 R The hlgher peak corresponds to the dlrect neutron

17



':beam passlng through the substrate and the, 1ower - Iak~u'ht‘

,‘corresponds to the fractlon ref]ected from the

‘,d51m11ar measurements the neutron PQD allows qulckly !Zo =
~~f‘determ1ne neutron 1ntens1ty d1str1but10n of the prlmary,
“direct and reflected neutron beam It is' 1mportant for vthe ‘

\'jevalutlon of the mu1t1layer sfructure quallty_ The advantage

‘b;of the neutron PSD can be seen 1n s1gn1f10ant}reductlon of fhe

- t1me ‘needed for‘ the - acqu151t10n of

LT

"tespe01ally, 1n w1ngs of these d1str1butlons where few neutrons~‘

fappear and the response 1s cloae to the background_

. F1g 10 shows a 3-D view of the 51m11ar experlment Thef

i _Ioneda peak can be resolved in the valley between two hlgher:’

'peaks “This peak has not been observed at the comparat1vel“

lmeasurement whlle scanning of this part of space angle u51ngil
the 3He counter w1th ‘a slit.” It seems t0‘ happen due to ;
.lunparallel geometry of the colllmator, the counter sllts and;'

~i'the nample, whose adJuStment requlres t1me for measurlng_ Thet{\

two—d1mens1onal PSD allows to 31mp11fy and speed—up these"’ \Lfs

adJustments of the geometry-

5 .S-CONCLUS'IONS

Th1s paper deserlbes the two~d1menslonal slow neutron
' detector developed at JINR espec1ally for SANS experlments_,\l'l‘”

a'Accordlng to the flrst experlence of 1ts work in. ' the'?;_;ff

3 experlment 1t is, p0831b1e to conclude that delay 11ne readout

i

: ensures suff1c1ent parameters for relat1ve1y s1mp1e‘A and o
' rel1able dev1ce for the purpose of SANS and SANR ThlS o

S detector can be used for any eonvent1onal neutron d1ffract1on.

18

ample_ At

suff1c1ent Sfatlothu,

i’
e

rls~found-

"f at. IBR~2 pulse reactor

<

studles and “for 'the' acqu1s1t1on of neutron ) tomography :

; progect]on data of‘larger'obaects 3951des thls neutron PQDWE

: 'show)”lts advantage in neasurements of low 1nten51ty neutron

f1elds (above backround level) ‘in the w1de ‘spatial angle at;ff

the condltlon of’ the DNM—I fa0111ty The main propertles' are _l
~sun"’larl7(‘d in Tab II o SR Sl B
: In - fhese measurements . where only “:one'k'c‘oord‘J.n::rte"'.j
1nformat10n would be” suff1c10nt for the estimatlon _of “the i
1nvest1gated effect tho ?;D detector has shown its advantage

? D data allow one fo analyye fhe ,1nten51ty d1str1but10n of =

"seattered neutrons in sllce perpendlcular to the : colllmat]ng-r?

f sllts- For example we can evaluate some 1nnom0penelt) across"j

the sample area o T B B ;ﬂ- e _,y

The detector w1fh 1t5 noftware makes p0551b1e to ‘u1f115w

QUICk and prec1ze deustment of the ooll1mat10n system of. the':f

dlffract1on fa0111tyx together w1thf the samp]e, 'i-el »the- ;l

; 1ntens1ty -of the

'the )ample—and sllts'”f

k eontlnuous o 1nterebt ~}and
Dr.A.M.Balagurov, . “V.l:Gardelii, ©

A B Kunchenko and’ Dr V.G. f1,h1n for the1r ass1stance in tests‘l

A H Isma1lov
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lfig-z

"1, DETECTOR

e L

U ELECTRONICS .~
o &AMAC' 8US -

ag

: electronlcs and PC. ln reahty,v

placed in two CAHAC crates PA - preamplifier

A photograph

_the connected cathode strips. -

. each end of delay lines to feethrought connections can

be seen for both coordinates. High voltage feethroughts'

are placed on the right side.
20

i T

A schematic view of the two-dimensional ‘detector with -

the electronics -~ is

) . ,he front cover
hav1ng the ]_nput wlndow- Delay lmes are vigible with -

Connectlons lead from

: “‘,'Fig-s
i : ;Spa01ng between, adJacent electrode is 4. 0 mm, excludmg
. d!‘lft electrode—-l + drift electrode-2 gap whlch

"j’wlndow Sm-,

5 Fig.4.

" INPUT WINDOW ..

-

CATHODE
U . .
A ANODE
UL -
e © CATHODE

DRIFT. ELECTRODE 1
DRIFT ELECTRODE &

PRESSU'RE VESSEL

Schematlc representatlon of the electrode geometx'y_"

’mm-;Anode wire p1tch is 2.0 mm, the p1tch of other

.;electrode 1. 0 . Thlckness of the a"ummlum :mput

02— —
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PULSE HIGH [chanmls]

.Pulse- helght spectra of . anode Blgnal at..
anode potential. The gas mixture 0 1 atm 3He and,” 2.9 -

s atm 4‘He ‘and 1.5 atm C3H8 has been used “The ‘ dlfference;;’k.f"

between anode and cathode potent1a1 is a) 3 kv, b) 3 4
kV and c) 3.8 kV. ’ .
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~Fig.5. Pulse hlght of anode 51gnals vs. o anode potontlal ,
measured with gas mixture 0.7  atm. 3He +? 3atm He |’-:f' .
- 1.5atm. propane. ’ '
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”’ quantlzat1on of 1 0 mm/channel)on the anode potentlal_ lh
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Example of the detector response at - SANR- experlment .
w1th a mnltllayer structure w1th per10d1c1ty sof 60 R

The. photograph is taken from the PC~mon1tor-';

o T @
24" - g

F1g 10. A 3-D view of the neutron field distribution of the

“V.I.  Cardeliy,

dlrect and roercted beam from Cu-Ti structure.
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