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4epeMyXll1Ha r.A. 111 AP-
AeyMepHhllll AeTeKTOP co CbeMOM AaHHblX 
c noMOlJ..lblO flll1Hll1111 JaAep>1<Kll1 
AflR 1113MepeHll1R none111 MeAneHHblX Hell!TpOHOB 

E13-92-52 

On111caHbl AByMepHbllll AeTeKTOp MeAneHHblX He1111pOHOB 111 ::meKTpoH111Ka 
CbeMa KOOPA111HaTHOIII 111HQ)OpMaU111111111 HaKonneHll1R AaHHblX Ha OCHOBe n K/AT. 
AeyMepHbllll AeTeKTOP, c 4yec1e1111enbH0111 nnolJ..laAblO 260 X 140 MM, co6paH 
Ha OCHOBe MHOronpOBOfl04HOIII nponopu1110HanbHOIII KaMepbl BblCOKOro AaB
neHll1R co CbeMOM C nOMOlJ..lblO flll1Hll1111JaAep>KKll1111 JanonHReTCR CMeCblO 3 aTM. 
3 He 111 nponaHa. Co6cTBeHHOe npoCTpaHCTBeHHOe pa3peweH111e AeTeKTOpa coc
TaBnReT 1,4 MM (nWnB) 111 1,9 MM (nWnB) AflR 2,2 aTM. 111 1,5 aTM. nponaHa 
COOTBeTCTBeHHO. 3q>q>eKTll1BHOCTb per111c1pau111111 Hell!TPOHOB BblWe 80% (X = 
= 6A) ' OAHOPOAHOCTb no nnolJ..laAll1 ny4we 2,6%. 6blCTpoAell!CTBll1e KOOPAll1· 
HaTHOro AeTeKTOpa He111TpOHOB ~ 200 Kru noneJHblX C06blTll1111. 

Pa601a BblnOnHeHa B na6opa1op111111 BblCOKl-1X 3Heprn111 0111A 111. 

npenpmn 00bCA11HeHHOro HHCHITyTa ll~epHblX HCCJie;:ioeaHHH. )ly6Ha 1992 

Cheremukhina G.A. et al . 
A Two-Dimensional Detector with Delay L ine Readout 
for Slow Neutron Fields Measurements 

E13-92-52 

Th is article present s the description of a two-dimensional detector of slow 
neutrons together with its readout and data acquisition electronics based on a 
PC/AT. The detector with a sensitive area of 260 X 140 mm2 is based on a 
high pressure multiwire proportional chamber with delay line readout and gas 
fill ing of 3.0 atm. 3 He + propane. The intrinsic spatial resolution of the detec
tor is either ~ 1.4 mm (FWHM) or 1.9 mm (FWHM) for 2.2 atm. and 1.5 atm. 
of propane, respect ively. The detection efficiency is more than 80% (X = 6A) 
at the uniformity less than 2.5%. Count rate capability of the neutron detector 
is not less than 2.0 X105 among the selected events. 

The investigation has been performed at the Laboratory of High Energies, 
JINR. 
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1. HITRODUCTION 

Studies of structures with 1+104 R in size have attracted· 

nowadays considerable interest in various fields of science: 

i.ri physics of condensed matter, biology, chemistry, geology. 
. . ' 
Th.ere are various objects of interest in these studies: . thin 

layers, multilayer systems, biological membranes and molecular 

. aggregates, liquid crystals, synthetic and natural polymers,. 

superconductors [l ~]. Among c~nventional methods of 

structural studies, the neutron methods are irreplaceable [3] 

due to penetrating- properties of neutrons through matter.·· 

First_ of all, it refers to small--angle neutron scatte}'ing 

.·(SANS), as well as small-angl~ neutron reflectometry (SANR), , 
. . . -

which are. more .and more intensively used, and, besides,. · to 

conventional neutron diffraction~ Measurements done with the 

mentioned methods or by industrial applications (neutron 

radiography and tomography) lead to measurements of a count in 

'. many points of \,the resulting· neutron field. Conventional 

, scanning by means of the neutron counter with a narrow slit,' 

cannot fully satisfy requirements.of these methods. It takes 

a- lot of time and summs the, radiation _background. A modern 

· ... experimental instrument based on the SANS and SANR is 
. ' 

characterized by a data acqusition system based on a 

position-sensitive detector (PSD) of neutrons [3]. 

PSD for neutron scattering experiments are of various 

size, shapes • and posnes different detection parameters: 

spatial. (angle) resolution , count rate, detection efficiency 

. -. 'Or non-sensitivity to gaJMla. background. All kinds of radiation. 

detectors (gaseous, scintillation, semiconductor, solid 



state) are used to.perform sensitive detection of· neutron 

positi~n~ The principles of work and parameters· of many 

-neutron PSD are presented in the review [4]_ The requirements 

to a neutron PSD depend on the facility used for the designed 

experiment_ It should be emphasized that at the present time 

gaseous detectors with 3ifo filling are used more often in the 

experiments. The application ' of neutron PSD improves_ 

parameters of the experimental set-up, reduces the measuring· 

time significantly and increases reliability.of results. 

A two-dimensional detector·of slow neutrons together with 

readout electronics and data acquisition system has been 

developed at JINR (Dubna),'the pressure vessel was fabricated 

in FIAtl (Moscow)_ It is' used for digital registration of 

neutron fields in SANS, SANR and diffraction e~periments at 

the multipurpose-diffraction facility DNM-:1, which has been 

constructed in FIAN, Moscow. The detection system is based on . 

two-dimensional detector with high resolution · because of . 

narrow scatte'ring angies . at the aix;ve - mentioned . experiments 

(20·< 10° )~ The multipurpose· diffraction facility DNM-i 

includes a small-angle diffractometer and a standard one, 

besides, a two-crystal ,'monochromator, several focusing . slit 

collimators, cryogenic and termic chambers; etc~ 'l'he. neutron 

wavelerigt}tcbanges ;from 1 to 20 · R arid . the neutron beam · 
• • . " • ~ • . . 5 , . C. . • " • . ',. .. 

mtensity doesn t ·excess 10 · neutrons/a~ at the horizontal 

neutron ch~nel of the IRT MIFI reactor ( Moscow' j where . the 

DNM...:l"facility is situated. 

•> · Due,·to the limited size o:f the experimental ·· area, 

spatiaFfesolutfon less· ·than :-_3 ·mm (FWHM) is needed. 

general/,at ~neutron ';catteifog ~ experiments . the }orig 
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detectfon .stabifity is ~equired and the det~ction. sensitivity 

for gamma::...radiation should 'be as low . as possible", but the 

detection efficiency for slow neutrons must be maximum. As far 

an the neutron flux in the· experimental ·beam at a steady 
. 5 . 

state reactor almost reaches 10 neutrons/s, high count rate 

(over 10
5
·) of the· selected ~vent~/s is required.· These 

requirements have been taken into account when the dete~tor 

and i-eadout electro~ics were designed.·.· 

2. NKUTIIDN PSD 

A two-dimensional detector described below is,based.on a 

standard mU:1tiwire proportioiial chamber (MWPC) with a delay 

_l.ine (DL) coordinate readout [5]. The readout meth~d used in 

the work fulfils all the main requirements and it was chosen 

du·e to a priveous good experience T6,7]. 

The detector together with.electronics is designed for 

digital registration of a spatial distribution of ·neutron 

fields counting each neutron separately and determining its 

coordinates simultaneuosly. A schematic view of the detector 

with electronics is shown in fig_ L 

The neutron PSD consists.of: 

-a two-dimensional t1WPC, placed in a sealed aluminiu_m 

vessel and working at high pressure in a gas mixture 

'baaed on 3ite, 

-readout electronics and data . acquisition system 

designed for coordinate readout of events from MWPC and 

data acquisition using a histogramming memory connected 

with a PC/AT~ 

-PC/AT compatible computer with the software to 

3 



control the data acquisition system, perform prelimin~y· 

data prosessing and displaying tho neutron field 

2_1 Construction of the detector 

The detector, standard MWPC, is placed 

aluminium vessel with inner sizes 500 x 360 

in the sealed 

x 22 mm3 _ The 

vessel consits of two parts: a base plate and a cover with a 

recess of 270 x 140 mm2 outside to provfde .a 6 mm thick input 

window for neutrons_ The neutron scattering in the input 

window should be less than 5% (at >..= 6 R.). The base plate 

together with the cover is sealed by the indium wire_ A 

, temporary sealing in the preliminary experiments ban been_ 

accomplished by a simple. vacuum rubber "O" ring,. the gan 

lpakage was less than 0_05 atm/month at ~ pr~mmre of 4.5 atm . 

. Since the input window serves as a drift space electrode, it 

has to be flat within 0_25 mm_ The larger deformation would 

result in noticeable nonuniformities of the detection 

efficiency_ The window deflects less than 0_2 mm· at .. the gas 

pressure of 6 atm. 

A view of the detector without the cover is shown in 
. . 

fig_2_ All electrode frames of fibreglass with stretched wires 

are ~semhled togethe~ and pushed 'cto the base plate by means 

of a metalic. frame_ Preamplifiers and high voltage rn CV.] 

networks are placed on the opposite side of the base plate and 

connected with the ttWPC vi~ glass feedthroughs_ Valves and a 
pressure gauge are con~ected via extension tubes to the·upper 

s·ide of the ba~e plate~ It allows to handle and control gas 

when the detector is installed inside ·borated polyethylene 

shielding· box. 
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.·.'fhe MWPC has a sensitive,area of 320 x 19~ -~2 • but.due ·to 

the construction of· the input window the sensitive . area for 
.. · .' . . . . . . , . ·- . 2 . 

neutrons is somewhat smaller, up, to_ 260 . x .140- mm. _ 1'}ie 

electrClde geometry of the detector isillustrat~d in fig_3_.Jt 

· consists ·of the flat MYIPC, supplemented by two drift· gaps 
' . . _, . ~ . ~ ; ' : ' : ' ; . ,- . , 

( input window- .cathode and cathode --drift electrodec-:2.) ~ , -'.{.1m . . . X y ... . ...... •., 

sensitive volume· for neutron conversion bas the total . 

-thickness of 21 mm_ Spacing between adji'1-1:;en4 eleptrode planes: 
. . ' - - •~· - - . . . '. . ( '. '· -: . ~. ' -

is 4_0 mm with exception of.the gap between drift _el~ctrode-1 
:t' ,. . - ' ·-~ ., • "'!"_• -.•· ~- , ••• , ·•-' •• "'··'' ' .·.•·- , ,·- -.--..· 

and drift electrode- 2, which 'is 5 mm_. Drift electrode:-:2 .· is 
·-· ·:. - .• • • ·, - . -• " ·' ·._---.•• ,, .··: ! .· :•·' •. . ':' ', .• 

. made _by coating the bottom of vessel base plate by a. 0_8 , mm 
' ~ . _. . , . ·- . . . ;. . ~ - ' . ~ . ' . - . -· ' . . 

thick STEF insulator covered with copper foil- - The anode 
, ' - . , , .· . . •' . 

electrode is str_eched with gold-plated ;tungsten wires of 20.:..µn 

diameter with 2 mm spacing 0 Anode' wires. are all. connected 

together_ to obtain. the total energy signal, which is used -for 

the background discrimination and gating of coordinate readout 
~ <- • - - • ' • • • • • •• 

electronics_, All the .other ele.ctrodes are of Be~ wires. of 

50-;-µn with L0 mm spacing_ Cathode wires are sol_dered on .. the 

printed circuit boards and interconnected in groups. of four_· 
, _; ' ' ' .. . . , 

Kach wire group is soldered to.one ~f two delay lines to 

ob,taµi -a specific delay of the interconnection T = L 0 na per . 

mm of the corresponding coordinate. Signals from each. end of 

every delay line· are led. to its low:--noise preamplifier with the . · -· .. - ' . . ·- : . -

input impedance of about .. 3000, which is close to. the· deJ.ay 

line impedance_ 

The detector is operated by means of two high · voltage 

power supplies_ A high positive potential up to 6~5. kV can. be 

· put on the anode_ Cathodes together with delay lines are held 
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at a positive potential~·too, corresponding to 30· % of the 

anode potential which is obtained by a voltage divider_ The 

~put window ~d the drift electrode-1 ~grounded.The drift 

electrode-2 is held at negative potential (::,e -1.5 kV) or at 

positive potential ( + 1.0 kV), depending on ·the fact whether 

the drift gap ( drift ' electrode-1 - drift electrode-2) · in 

switched on.or off. 

2.2. Delay line readout 

The ,delay · 1ine ~eadout from HriPCs-Aas · been nuccesful ly 

used in many applications [4 + 10]. Delay line readout is a 

good compromise between the requirements, such as.the spatial 

resolution, the count rate capability . and the cost_ The 

spatial resolution of 0.1% of the total coordinate length and• 
·_. . . . 6 . . .·. 

count rate up to 10 events/s are achievable.with this method. 

A disadva_ntage of the delay line is· that it needs .~he higher 

gas gain ID comparison with the centre of gravity 

method[l1;12] to get a high spatial resolution. In the case 

of the neutron detection the requirement to spatial resolution 

is not so strict. Taking into account.the_ spatial resolution 

of primary ionization it is possible to operate the deter.tor 
. ' 

at a moderate· signal/noise ratio. A specific delay T = L0/11llll 

_has been chosen~ It·provides sufficient resolution< 1 IJDil_ The 

attenuation_.of delay lines (connected with the MWPC) is ::,,: 20%. 

The rise-time of cathode signals from the preamplifier is 

~- ns; measured for neutrons with the gas mixture 3_0atm~· He+ 

+ · l.5 atm •. propane_ 
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?..~~- Detector's electronic system 

. The electronic sy~:;tem is . designed for the coordinate 

. readout and data acquisition in the fonn of a two-dimensionar 

image. 'The main advantage of the delay line readout method can 

be seen in the fact, that a low number of readout channels is 

. needed: only five channels in 2-D detectors. It ·· simplifies 

readout electronics and the detennination'of coordinates of a 

detected particle leads to the precise measurements of time 

intervals between arrivals of sie,nals to both· ends of each 

delay I ine. The· count rate caP<1.hili ty of the detector with 

readout electronics is defined mainly by the total time · delay • 

. of the used delay lines. 'l'he readout electronics adds 50 ~- 100 

ns'to· the fotal dead time, additionally~ due 'to the veto 

logic_ 

Readout electronics (in CAM.AC) involves the following 

units: 

-low--noise preamplifiers (placed on the detector) .and 
' ., . ~ 

runplifiers ( in the C.AMAC, crate); 

-conotant fraction_ discriminators; 

_:time'-·to-d igfta 1 converto~s (TIJC )' ( one for each 

;coordinate_),. which' d:igitiz~ time . intervals . between 

s1gnal'arHv,1l~ . fodependently. on. th~ signal comirig 
. ~ .- . ·~ - .. ' ' ' ' '.\ . ' ( 

,f'irnt;' moreover> tl1e veto' log1c' and 3 fold FIFO memory 

.: . are'·included in each, •roc· for pro!X)t- event selec:'tiori and 

· derhndomization of Poissbn statfotics· of particle flux; . 

'~hiiitogrammliig'memory; · 

-CJ\MAC crc1te controller interfacing a PC/,AT computer .. 

Moreover, -the electronic system · includes IL V~ power 

supply modules, a quad:counter and_.some other auxiliery CAM.AC 
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modules. All the electronics system is in two CI\MAC crates. 
/ . 

the -first one is placed at the detector on the experimental 

channeL,Five NIM-l~vel signal from diocriminators are led via 

coaxial cables to the second crate which is placed at the 

PC/AT in the distance of some meters. 

· Thus, neutron field map is· acquired on line. A quick 

check of correct data acquisition at the experiment is 

provided by means of the fourfold counter ,_ which displays 

counts in the anode channel and one of the - cathode channels 

together with counts of "digitalizion enable" and '.'strobe of 

histogramming memory''. signals. Relations of these . counts to 

the anode count are automatically displayed on the PC during 

data acquisiti(?n aruLmav indicate an unproper H.V.setting, 

discriminator adjustament, etc. The main parameters .. · of the 

used readout electronics nystem are presented in Tab.l. 

2.4. Software for the neutron PSD 

; 

The programm, written for.- the neut.ran PSD allows to 

: ! · 
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control acquisition.of 2-D patterns and its transmission to. 

the PC/AT. Further it makes preli.min~ proceasing and 

diaplaying : of the . acquired 2-D pattern. lt allows to make 
~

arithmetical· operationa · (addition, subtraction, · 1 i I ',.1 

multiplication,. division) with two matrix of 2-D pattern and ~-------:).~ " .. ----· ' 

to diaplay ~ neutron field map on the PC/AT colour monitor. 

·· The progranm searches 'minimum/maximum in - a 2-D 

Region-Of-Interest (ROI) ~ calculates the average count/pixel 

ht a ROI and its standard deviation, displays · cross-sectional 

histograms of a ROI. Later on searches peaks in the histogram 
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Table 1 

Specifications of the electronics system 

-number of spatial resolution_ elements: 

..:.integral-non-linearity 

·.·rate capability (at 20% counting losses)-· 

-accuracy of the coordinate determinat~on 

-differential nonuniformity 

-minimal time channel width 

· -maximum coded time interval 

Table 2 

256x256(x21~ 
<0.05. % . 

>200·kHz 
' <1 ns (FWHM) ·· 

a :ec 0.4· % 

1 ns 

12 bits(or 
' ./ 

2.0.us) 

Specification of two-dimensional neutron detector • 

1. Detector principle MWPC with delay line readout 

2. Sensitive area 260 x 140 mm2 

3: Number of resolution elements 250 x 72. 
,. 2 

4. Pixel aize 1.07 x 1.99 111D 

5. Gas·mi.xture 3 atm. 3ue + 1.5+2.2 atm.propane 

· ·6. Detection effficiency{at A=:6 lh >80 % 

7. Background: 

-in the laboratory ·0.2-0.5 anode pulse/a (integral) 

..:.at experimental reactor 2.0+20 anode pulae/s {integral) 

8. Count rate capability 

~ 9. Uniformity of detection 

efficiency 

.10. ·Integral nonlinearity 

0.5+3 selected events/a 

2!;200.kHz of selected events 

:ec 2.5 % all sensitive area 

< 2.0 % for x-coordinate 

:ec 0.2 % 

11. Spatial resolution: x-coordinate 

y-coordinate 

12. Dynamic range (due to background) 

62.0 nm {FWHM) 

62.6 nm {FWHM) 

~104 
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,·; .... 

and calculates their statistics (FWHM, centre~of-gravitity, 

integral. counts) _. 

3_ DETECTION ·oF SW>'l NEUTRONS 

The detector is filled with · gas mixtlire ba.sed on the·. 

isotope 3i-ie and pro~ne_ Neutro;s ~e .. detected via the 

~eaction 3iie + n·- ➔ .¾ -t:'. p + 764 .. keVa .. Resulting . protons . anci 

· tri tons· --_le~ve pain.ts of 
!-

the interaction in· "the . opposite 
dire~tions and-· isotropically· in the_ space_ Each particle 

produces_ a· track· of ioniz_atimi.- ·About 3 x i04 ion pairs. are · 

reieaned at the.fuli ·absorption of the proton and triton in· 

the ~ruL Du~ to ~he• high~r en~rgy. ~f the proton ( .573. keV). . ' ' . . . 

. and its lcnmr _stopping- power, the centroid· of _released 
• 

ionization _is displaced against the point of interaction_ T4e 

obtaine_d spatial resolution for neutrons, thus-, corresponds_ to 
. . 

spatial distribution of·. c~ntroids of ionizatio~. projections to .. 

a corresponding coordinat~ for many registrated neutrons_ In 

the d~te~tor with ,15 ·atm of pure . .3fie the spatial - resolhtion · 
: : ... '· ~' -f - " ~ .. ' \. . - . - ,, . 

. limit is abopt:,-:3. ~ mm (li'h'HM) , [13]., . The ' use · of propane·· 

admixture at pressure of 0_5 +- 2.5 atm. to reduce the/range of 

PfOtQns ·[14J, · see~ to be the optimal choices 'l'he · spatial 
'> : - ' 1 -;, . ·'. 1 ~ >' ' •• ' . : : . .I. .. • 

resolution .in the range of ·l.3+-2.0 mm [15l can be· achieved. At 
, ,._:; , ...... ;:; __ ;·. -~ ·- "l ·'• ' • - • • ~ • , . - • 

once pro~;rie ilCt~ as a 1>roper quenching ga.<i to helil:un, and 

moreover has '-· the, minimal ; , conversion efficiency·· for · ''gamma 
'~ : . ~ -. '. ~ . - - - _- ' . . . 

background [16] _ ; -• , · 

-~ :·.-,'. -,. 

3_L_ Detection .of. gamma.background 
~.~.-:-,':_!,·~.,.·;;-:,.• ... - ,~' --~· 

'It is passlble to aupposse that · only photon.s,•,at·, 0 the/' 
~:... . 

energy:,,,higher . than ~ 100- ,keV, -ai;-e able·• to cause some". . 
· • t. i=' !~-if·' , r·-~.-- .,,' - .~. •· -- -- · ~ 

;~~-.: '.:.:."' 

•,T_•i.• 
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background~ 'fhe calc~lated probability of photon interactions 

in tht;' energy range 0. l +- 5 HeV (using data (17)) for the gas 

filling .3 atm.He + 1.5· atni_· C3"fl decreases while photon energy 

increasing_ For the given size of this detector it' changes 
· · -3 · .:..3 · · · .. 

from 0_9x10 at 100 keV to 0.4xl0 at 1.0 HeV. _In effect, 

due .to the photoeffect and Compton scattering, ~ach __ photcin 

interaction with the gas filling ·is· acc~mpanied by release ~f 
' '. • • . . I • ' • ' .• • " ' , • . ~ •' : ' • 'f" • 

.. ari"electron; which can he detected_.. ,, ..... -'. · ,,, '~ ,, ·," ,.-
,, • ' -;·•·i·,:/ ,,.a;.:-: ..• "',,,•'c/f; ... !'-~i·.",~'i{•-·~ 

On other hand, using results of the well. studied··effact 

of x- and: f-"ray ; i~chicing ,.ri~iiii611 .. bf ;~i~ctroii 'frci~ -~~]_ :iciri-:' (18 

- 21], we can ,-~stimkte the contrib~t;ion. of ·elect~n~ ''.impacted 

from the input window and Ralls of the pressure vessel to the 

background in the_neutron detector_ Summarizing: 

-the energy spectrum of these electrons has a broad 

distribution with a: 'peak', placed at 50 +- 90 % of the 

energy of gamma O~;i---) and ~re than 90% of. elect~ons 

spreads mostly in the interval energy 0_2+-L0 E;. for 

Er > 100 keV; _ 

:_mostly the. electron yield is incresing while . 

incres:ing of.proton number Z; 

-the electron'yield has a significant miiiiinum for 
• , ' I < '• ~ , •,' , ' • • \ • 

100+300 keV photon energy~ depending on target Z and 

is quickly in;reasfug up to about tertloi<h3 at 
<. 

MeV;. 

K = ·3 
I'· 

._for aluminium for K~ '= 100 keV •- and . L0 MeV the 
-3 -3 

electron yield is 0_2 x 10 and 7_3 x 10 electrons/ 

photon, respectively, for a normaly incident beam, and 
-3 -3 0_9 x 10 and 28_3 x 10. electron/photon for · an 

isotropically incident beam_ 
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It is possible to conclude that electrons released from 

·the d~tector'- vessel material make a.considerable part: of the 

•gamma background_ The calculation and. measurements of. this 

effect have been reported for plastic tubes, frequently us~d 

in high energy experiments (22], even in the worse case (for 

"the neutron detection) of argon/methane filling_ According. to 

this, the. contribut.ion of electrons r,eleased from 

to the total background, is. pre_dominating at 

'energy above· 200 keV~ 

tube walls 

the photon 

When the higher ganma background discrimination irr a 
/ 

neutron PSD is needed, it will.be necess.1ry to take electronn 

released from vessel walls into.account. 

4.TKSTS OF TIIE NEUTRON PSD 

At the beginning the detector has been 

adjusted in the . laboratory , by mean,s 

investegated 

of gamma-

and. 

and 

neutron-emitting· radioisotopes. All· the principle parameters: 

the spatial resolution of the detector and all the device, 

·gas gain characteristics, the laboratory back.round level,. etc. 

have been checked. Further, thP- electronics has ·been adjusted 

, together With· the d_etector from the point of view of the 

spatial resolution and uniformity of detection efficiency. 

Some tests have been performed on the ,nuc.lear , pulse . reactor 

IBR-2 at JINR. Main characterintics have been checked again 

after the.installation of the neutron PSD at the IRT reactor_ 
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4 0 L Preliminary laboratory tests 

The intrinsic spatial resolution of the. det~tor,has been

determined by means of a time-to-apmlitude converter and 
. ~ ~1 ' 
multichannel analyser, using Fe (5.9 keV) and Am (59.6 

key) radioisotopes_ The resolution of 0.4 mm (J.t-wf{M) (fig.5) 

and 1-0 mm (Jt"WHM), rE:spectively, has been' measured,• for gas 

mixture Ar/CH4 (80/20) at pressure of 5 atm_. Together with 

the above mentioned electronics and PC,· the resolution of L5 

mm (FWHM) of 5H.6 keV han been measured, including. 

quantization of 1.0mm / 1 channel of the coordinate along 

anode wires_ 

The unifonnity of the detector • respanse in each image. 

pixel to the uniform Hltn;tination ( it is a measure of 

differential non-linearity) depen~s on many factorR, including 

constant gas gain across the whole ~ensitive area_ The 

standard deviation of anode signal amplitudes of. L 7% has been 

achieved across the whole sensitive are~, scanning the. 
detector by means of the cctllimated 55 · 

Fe source. After ' the 

0djus1;ement of electronicu the differential non-·lineil,fitY I. 8% 

and 2. 6% ha.c; been achived for the coordinate along 'and· 

·across anode wires, renpectively _ To get the uniform reuparise 

in each channel for the coordinate across anode wires at the 

uniform illumination of the detector, it was necesnary to 

choose the same number of channels and the number of. anode 

wires per unit length_ · 
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4.2.Preliminary test? with neutrons .. 
,Among the worse properties of· gaseous detector we can 

include the effect of deterioration of the energy ~esolution, 

generally, with the increasing gas gain. Quantitatively it 

depends on many factors: the volume ~density of the primary · 

ionization, the used gas mixture, even on its composition 

[23]. This effect is obvious at the detection of neutrons by 

·means of the gas mixture based on ¾e, where the higher 

stopping power.of the proton and triton is amplified by the 

higher gas pressure. · 

Using the gas mixture 0.1 atm ¾e + 2.9 atm 4H~ + 1.5 

atm c~8 and the Ra-Be neutron source the energy resolution of _ 

the.pilse height· distribution of anode signals has been 

measured for slow neutrons, illuminating the whole detector. 

area~ The energy resolution·of the 764 keV _peak, corresponding 

to a· "full absorption "or the proton and triton of 15 % 

(FWHM), has been measured at the collected charge from anode 
.:· f 5° ; 105 - ( "th lnf:t) 0. X· e Wl . T = ~-. 

Fig-4 illustrates the deterioration of the pulse high 

distribution of anode signals with the increasing anode 

potential. The difference ~tween the anode and cathode 

potential is a)3.0 kV, b) 3.4 kV and c)3.8 kV, that 

corresponds to.the charge (collected on the anode with T = 
- . · 5 - 6 - :7 - · 
lJIB ) a) 6x10 e b) 3x10 e and c) lx10 e . It can be 

explained that due to the resulting protons and tritons~ the 

amplification of more densed ionization becomes to be 

saturated~ And the ionization · due · to the electrons, (from 

photoeffect and Comptonof gamma background keeps amplified 

without any significant saturation. The deterioration of the 
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energy resolution makes the discrimination of ·neutrons worse 

against _ gamma background, which· accompanies each neutron 

source. The gas• mixt1.1re used at these measurements, has very· 

low detection efficiency to neutron (of about 1%), thus, the 

gamm~background ia exagerrated. Also the effect of parti?.-1 

saturation of the gas amplification is visible in fig.5, which 

shows the dependence of amplitude of anode signals on the 

anode potential. An apparent deviation from- the exponential 

·dependence 

(with T = 
For 

begins at the charge collected on the 
6 6 ?fs) of lxl0 ¾ 2x10 electrons. 

the reliability of experimental results 

anode 

it is 

important to maintain gpod stability of ,the main parameters 

against the anode potential. Fig.6~a) shows the efficiency 

curve for neutrons . which has been measured ·after · . the · 

installation of the- detector on the experimental channel. ··A 

plateau of 500 Volts can be distinguished, where a slope is 

,,,; 0.6 % / 100 V. 
The detector connected with_ data acquisition . electronics 

and PC/AT bas been tested at higher count _rates at pulse 

· reactor _IBR-2 ( Dubna).The frequency of neutron pulses is 5 Hz 

and in the place where the detector was situated uhile testing 

· more than 95% of neutron arrivals happened in the total time 

interval 0.27 s per __ each second. At 10. % counting losses 40 

000 events/s have,been recorded in the bistogramming memory. 

It , corresponds to the count rate of 150 ,000 event/s at . a 

steady state nuclear reactor. The counting limitation of the 

·described PSD causes due to the total delay of the DLs. 

15 
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4.3. Backround properties 

Fig.6.b shows the same efficiency curve as in fig.6.a in 

a semilogarithmic scale together with background at the 

diffractiometrical facility DNMl. In the plateu region the 

background makes.7-:- 25 imp./s as an integral count of anode 

signals without additional shielding of the input window. The 

detection efficiency for neutrons was. <_ 10 %, that 

deteriorates neutrons/background ratio. With the supplement 

shielding tube around the input window the average background 

outside of neutron spots varies - from 3:x.10-5 · .to 2xl0-A 

· counts/s/pixeL It corresponds to the background count 0 _ 6 + 4 . 

counts/a, it is 10 times better, than an~de count only. 'It. 

results in the estimated neutron signal~ckgroud ratio of 

about 10000-:- 1. Really, latter it was achieved with the fully 

3iJe filling .. 

The background at the experimental c.hannel in the 

environment of the pulse reactor IBR-2 was changing from 2.0 to 

15 anode pulse/a' without additional timing discrimination and 

depended on the shielding and allocation of the'detector. When 

- the reactor was off, the background was about 0 _ 2 -;- L 0 anode 

pulse/a. 

·4_4_ Imaging properties of the neutron PSD 

The detector has been filled with the gas mixture 3.0 

atm; 3i-Je + 2.2 atm. c
3

H8" The spatial resolution of the 

detector working on li*e ~ith a PC/AT is demonstrated in fig. 

7.a,b. The neutron beam has been collimated by means of two 

parallel slits (0.3 mm wide) separated from each other in a 
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container with R,{ 10.0 1)llll placed be~ore the. detector window. 

By means of the time-to-amplitude converter and multichannel 
' . 
analyzer the spatial resolution of 1.4 mm . ( FWHM) has been · 

measured for the '"pr-ecise'" coordinate along anode.wires. When· 

we take into account quantization of the system with PC/AT 

. (1.0mm/channel 'and 2.0mm/channel) and the collimator width, 
. .. 

this resolution corresponds to the measured value of 2.0 mm 

and 2.6 nun (lilrruM) for the coordinate along and across anode 

wires (fig.7.a,b), respectively. 

Jlig.8 illustrates dependence of the spatial resolution -

· for neutrons cm the anode potential of the detector together 
' -· 

with electronics._'fhe-cathode discriminators have.been set to 

a threshold, which corresponds to the spatial resolution less 

than 1mm and by means of the anode discriminator has.been aet 

just above this value. 

1'he integral nonline~ity of the detector has been 

D)easured in real geometry of SANS experiment. A cadmium sheet 

with precise~y positioned holes of a 10_0 mm. pitch has been 

.. fixed directly on the input window. The detector . has been 

illuminated by neutrons scattered from a small parafin target 

placed in the neutron beam 20 x 20 mm2 in size. The. measured 

integral non-linearity (as maximum deviation from the linear 

£it related :t,o the total length) does not exceed 0.2 %, 

i~cluding a paralax error caused by the thickness of the 

•· detector and the parafin target-detector dista·nce of 1500 mm •. 

-!.'<_ 

An example or_SANR experiment is shown in fig.9 when a. 

multilayer structure with periodicity of 60 R on the ·glas,s 

substrate was investegated in two slit collimator-geometry at 

;\.·=·2.2R. The higher: peak corresponds to the direct neutron 

17 
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beam ~ss~g thrcmgh the 'substrate 

corresponds to the fract~on reflected 

and the 

from -the 

lower peak 

sample. At 
-· 

similar measurements the neutron· PSD allows quickly · to 

determine, neutron intensity distribution of· the. primary, 

direct and reflected neutron beam~ It is. important for
1 

the 

evalution of the multilayer structure quality. The advantage 

of the neutron PSD can be seen in signific~t reduction of the 
;. .. ,,.:·,_: ~· ~ .. · ~-_.· .~. :. - ; . __ ,, ,<- ,,_' _t-_~;r,; ;:,,Jt.; ;,_,. ;~ 

time needed for the acquisition of sufficient statistics, 

. especially, in wings of these di~_tribut1~~s w~~r.'.e. f~;_,· ~~ut~~;~. 
• •• ' :: ~ < • ,. , ~ ' i: .. .' [ . : ' - . > • • • • \ • , " • , ; !- '. , 

appear· and the· response is close to the background. 
' . •. ·.· . • . .. . . _<;; 

Fig.10 shows a 3-D view of the similar experiment. The 

Ioneda peak·can be resolved in the valley between two higher 

peabl.·Thia peak has not been observed at the comparative 

measurement while scanning of this part of space angle using 

the ¾e counter with a slit. It seems to ··happen due to 

unparallel geometryof the collimator, the.count~r'- slits and. 

· the sample, whose adjustment require~ time for measuring. The 

two-dimensional PSD allows to simplify and speed-up these 

adjustments of the geometry . 

5.CONCLUSIONS 

This paper describes the two-dimensional ·slow neutron 

detector developed at JINR especially for ·SANS e~riments. 
' . - . ' ~ : . ~ ~ ' 

According 'to the first experience of its ~ark in the 
,, . :., 

experiment it is,possible to conclude that delay line readout . - - . ('• ' . '. •- : . ' .-

ensures sufficient parameters for relatively .a~ple and 
! .. - -- - . 

reliable device for the purpose of SANS and . SANR. This 
·-" 1., ••. 1 .. ' ; 1 ' ' • ' • , : • • 0, -~· • <>: •' - ., 

detector can be used for any conventional neutron diffraction 
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studies and."'for .the acquisition :of ·neutron 

projection-data of iarger objects. Hesid~s,. this 
. tomography 

neutron. PSD . 
· shows its advantage in :measurements· of --low •intensity· neutron . ~ ., , . . . . . 

fields. ( ;1imve back.round level) ·in the wide. • spatial ang~e .. at 
the condition of' the DNM--1 facility·_ The main . properti~s. are 

srumnari.zed in Tab . .IL 

In· these measurements w!Jere : only one 

· · informatioii WQuli he sufficient _ for the· estimatfon of . the 

.investigated ~ffect, the.2-D detector has shown. its advantage~ . . . - ~ . 

2~Ddata allow one to analyze .the_ int~nsity~ distribution ·of 

scattered ._r~eutr:-ons ifr sl;i.ces perpendic{ilar to the collimating 

coordin_ate. 

'/ . , . . . . 

slits. For example, we c.a.n evaluate some inilomoge1wity across 
. ., . -·. ~ 

the sample:are~~ 

.. · The detector with its software makes possible·· to . fulfil 

quick and preciie ~djustrnent of the collimation system of the 
' . . . . ~ .. 

diffraction facil~t~,: Jogether •with· . the · sample, i _ e _ . the. 
\ :~;' · .. ' - . " - . ; . . . . ~. ,,... -

locali7.ation of the sample" to the °":m,a;<{.lmrnn intensity . of the 

beam is perfo~ed ~d {ilie ;~lii~1i~\oi.'. the sample arid slits : - ·""···•·;'.• .... :·· . ·: -.-, __ ,.;·•--.--"'-- . _{ 

-. is found. : ·. "·· · .<,: 
,·-
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Fig_ 1. A schematic view of the two-dimensional detector .with 

electronics and EC_ In ·reality, the electronics is 

placed in two CAMAC crates_. PA - preamplifier 

Fig_2. 1:1 p1w1,ograpn or tne detector' without the front· cover 
. . 

having the input window_ Delay lines are visible with 

the connected cathode strips_ Connections_ lead from 

e_ach end of delay lines to feethrought conne~ti:ons can 

·be seen for both coordinates_ High voltage feethroughts 

are placed on the right side_ 
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Schematic representation of the electrode geometry_ 

Spacing between.adjacent electrode is 4_0 mm, excluding 

drift electrode~l ~ drift electrode-2 gap which ia 5 

mm_ Anode wire pitch is 2_0 mm, the pitch of other 

electrode L0 nm_ Thickness of the aluminiu~ iriput 

window 6 DID.-
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Fig-4_ Pulse height spectra of. anode signal at . increasing· 

. anode potentiaL The gas mixture 0_1 atm 3ne. and,' 2_9 

_ .. atm 4ife and 1-5 ·atm C3"8 has been· used_ The difference 

between anode and cathode potential is a) 3 kV, b) '3-4 • 

kV and c) 3_8 kV_ 
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Fig. 6 , The efficiency curve for anode signals, measured ·fo a 
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. logarithmic scale -together· with background 
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narrow collimated neutron beam. Photographs are taken 
from.', a . colour . PC/AT - monitor. · -a)for the ."precise·· 

x-coordinate (along anode wires); 
~ . 

b)for they-coordinate across anode wires· 
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Fig_B • The dependence of .. the spatial resolution ( including 

quanti~ation of L0 mni/channel)on the anode potentiaL 

Fig_9 ·• Example of the detector response at · SANR experiment 

. with a multilayer structure with periodicityjof 60 · R_ 
The. photograph is taken from the PC-monitor_ 
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Fig_ 10 • A 3-D view of the neutron field distribution of • the 

direct and reflected beillll from Cu-Ti structure_ 
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