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Abstract:Inthepresentwork,thespatialresolutionofMicromegasasaneutrondetectorwassim灢
ulatedwithGEANT4andGarfieldprogram.Thepolyethylenefoilwasusedasneutronconverter.
Anewmethodbasedonstructuralsettingonthetop灢layerofthedetectorwasadoptedtoobtain
spatialresolution.Accordingtooursimulation,itturnedouttobeabetterspatialresolution,and
thismethodwaseasilyrealizedinexperiment.
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1暋Introduction
Micromegasisanoveltwo灢stageparallel灢plate

avalanchechamber with many outstandingfea灢
tures.Itcombineshighaccuracy,highgain,high
countingratecapability,goodtimingproperties
androbustness.Adetaileddescriptionandexperi灢
mentalresultscanbefoundinRefs.[1—3].Al灢
thoughitwasoriginallydesignedforchargedparti灢
clesandX灢rays,withaconvertmaterialitcouldal灢
sobeusedforneutrondetection[4—6]andhasagood
spatialresolution.

AdetailedMonteCarlostudyforMicromegas
asaneutrondetectorhadbeendone.Inthiswork
therecoilprotonswerecutoffasakindofback灢
groundparticles.However,forfastneutrondetec灢
tion,polyethylenecouldbealsousedasanimpor灢
tantconvertmaterialforitscheapprice.Further灢
more,theonlychargedioninelastic(n,n曚)reac灢
tioninpolyethyleneisproton.Soitisnotnecessa灢
rytodoparticleidentificationindataanalysis.On

theotherhand,therewasnotrackangularcorrec灢
tion[4,5].Thepositionofanincidentneutronwas
naivelydefinedasthemiddlepointofthetrackin
thedetector,whichledthemainpartoftheuncer灢
taintyofdeterminingtheactuallocationofincident
neutron.

Simulationisofconsiderablevalueintesting
differentmethodswhendeterminingtheincident
neutronposition.Inthispaper,manyprocesses
havebeensimulatedtostudytheperformanceof
Micromegaswithapolyethylenefoilforneutron
detection.Basedonoursimulationofparticlesran灢
gingfromincidentneutronstoelectronscollected
inavalancheregion,areadoutmethodbytimeco灢
incidenceisusedandrelatedexperimentalworkhas
beenproposed[7].

Accordingtooursimulation,somevaluable
resultshavebeenobtained,whichareimportantto
instructandoptimizethedesignofMicromegasas
aneutrondetector.
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2暋MonteCarloSimulationMethods
Inoursimulation,thelayoutofaMicromegas

detectorforneutronisshowninFig.1.Thisde灢
tectionismainlycomposedofthreestages.Inthe
firststage,aneutronwithaninitialkineticenergy
of14MeVperpendicularlyfliesintothedetector.
Inthepolyethylenefoilithasapossibilitytotrans灢
ferapartofitsenergytoahydrogenbyelastic
scattering[8].

Fig.1 Schemeofthedetector.

Theratiobetweenthenumberoftherecoil

protonsandthenumberoftheincidentneutronsis
definedasneutron灢protonconversionefficiencyof
theconverter.Inthepolyethylenefoil,theinci灢
dentneutronsarescatteredmainlybythehydrogen
nuclei,whichproducerecoilprotons.Asthethick灢
nessofthepolyethylenefoilincrease,morerecoil

protonisproduced.Atthesametime,increasing
thescatteringoftherecoilprotonmayreducethe
spatialresolution.Ontheotherhand,whilethe
thicknessincreases,morerecoilprotonsvanishin
theconverterduetotheCoulombscatteringincrea灢
ses,whichcausesmoreenergylossoftherecoil

protons.Takingintoaccounttheneutrondetection
efficiencybeingintheorderof10-3,weusethe

polyethylenefoilwithathicknessof40毺m,and
thentheconversionefficiencyisintheorderof
10-3.Therecoilprotonfliesoutoftheconverter
withenergydependentangulardistribution when
therecoilprotonhasenoughenergytoleavethe
foil.Thecorrelationbetweentheconversioneffi灢

ciencyandthefoilthicknessisshowninFig.2.

Fig.2 Neutron灢protonconversionefficiencyoftheconverter.

Inthesecondstage,arecoilprotonlosesits
energyalongitstrackinthedriftgapandproduces
electron灢ionpairs,andthentheelectronsdriftto
the mesh accordingtotheelectricfield.This
processwillcontinueuntiltheenergylossissmal灢
lerthan the averageionization energy.Fig.3
showsthedistributionofionizationenergyfora
giventrack.Asthefieldindriftgapisroughly
uniform,thelongitudinalandtransversediffusion
ofelectronswhichdriftfromtheirproductvertex
tothemeshplanecanallbesimplydescribedas
twoGaussianfunctions.

Fig.3 Ionizationenergydistribution.

Inthethirdstage,allthereleasedelectrons
driftingtothemeshareassumedtopassthough
themesh[1].Everyprimaryreleasedelectronin灢
ducesanavalanchebetweenthemeshandtheread灢
outelectrodes.Thesizeofanelectronclustermade
byeachavalanchedependsonthetransversediffu灢
sioninavalancheregion.Accordingtooursimula灢
tionbyGarfieldprogram,theelectronsdriftedat
equivalentavalanchelengthwhichisinaGaussian
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distribution,showsinFig.4.

Fig.4 Multiplicity.

Thegasfilledinthechamberisamixtureof
argon(90%)andcarbondioxide(10%).Mostof
therecoilprotonsproducedbythe14MeVincident
neutrondon暞thaveenoughenergytopassthrough
themeshandinduceadetectableeffectonthefinal
signal.Becausethemeshandavalancheregionsare
notdirectlypresentinthesimulation,inthefinal
spatialresolution,itisimpossibletotakeintoac灢
countthecontributioninducedbytheprimaryion灢
izedelectronswhichpassthoughoneholeofthe
meshbutareproducedinfrontofanotherhole.

Inoursimulation,theotherfollowingeffects
areneglected:thesignalinducedbyions,thespace
chargeeffect,theelectricnoisesandcrosstalkbe灢
tweenadjacentreadoutstrips.Basedonthediscus灢
sioninRef.[9],wepresumethateveryelectron
intheavalancheregioniscollectedbytheelec灢
trodes.

3暋MathematicalModeling

Arecoilprotonwithkineticenergyof1MeV
hasavelocityofabout4percentofthevelocityof
lightinthevacuum.Suchaprotonspendsless
than0.5nsonflyingthroughthedriftgap.Inour
detector,theelectrons whichareionized1 mm
awayfromthemeshplane(atthetopofthedrift
gapasFig.1shows)willspendabout20nsto
drifttothe mesh.Sincetheelectricfieldinthe
driftchamberisroughly uniform,theelectron
driftingvelocityisaconstant.Consequently,the
electrondriftingtimeisproportionaltothedis灢

tancefromtheplacewhereitisionizedtothemesh
plane.Nomatterhowlargethekineticenergyofa
recoilprotonis,thesignalinducedbyitshould
havethesametimecharacterwhichonlydepends
ontheconfigurationofthedetector.Inoursimula灢
tion,atimecoincidencetechnologyisused,toex灢
tracttheinitialpositionofatrackfromitssig灢
nal[7].

Toestimatethefinalspatialresolutionofthe
detector,asetofslits withvariantwidth were
madeonthepolyethylenefoil.Oncetheneutron
fliesintoaslits,asthereisnothingbutmixedgas,

almosnoprotoncanbeproducted.Sothereshould
beagapinthefinalreconstructedneutronposi灢
tionscausedbytheslit.

Fig.5 Particledistribution@400毺m.

Fig.6 Particledistribution@1000毺m.

Inthisprocession,weobtainabatchoffig灢
uresshowingthereconstructedpositionoftheinci灢
dentneutronwithdifferentslitwidthinFigs.5
and6.Fig.5showstheresultswithaslitof400

毺mandFig.6showstheresultswithaslitof1000

毺m.ComparedwithFig.5andFig.6,itiseasyto
gettheconclusionthatwhenthewidthoftheslitis
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toolarge,theintrinsicspatialresolutionofthede灢
tectorcontributesnegligiblytothereconstructed
slitwidth.

Keepinginmindthattheslit暞seffectonthe
histogramisequivalenttotheeffectofimpulse
functionintheelectronicsignaltransmission,and
theelectronicavalancheisequaltotheeffectof
transferfunction.Wecanusetheconvolutionto
dealwithimpulsefunctionandthetransferfunc灢
tion,taketwostepfunctions毺1(t),毺2(t+氂)as
theimpulsefunction,andtakeGaussianfunction

f(t)=exp[灢k/氁]asthetransferfunction:

g(t)=毺1(t)f(t)毺2(t+氂),

whereg(t)istheconvolutionofimpulsefunction
andthetransferfunction,tistheprocessoftime.

4暋ResultsandDiscussion

Inthesimulation,toevaluatethefinalspatial
resolutionwiththetimecoincidencemethod,the
reconstructedpositionsoftheincidentneutrons
fromtheincidentpositionsarefilledtoahistogram
showninFigs.5and6.

InFig.7anmathematicalapproximationfit灢
tingisdoneandtheintersectionofthefittingcurve
withthelongitudinalaxisisregardedasthespatial
resolutionofthedetector.Thevalueis121.2毺m.
Wherehistogram sigmaisthespatialresolution
withdifferentslitwidth.

Fig.7 Mathematicalapproximationfitting.

Accordingtotherelationshipbetweentheneu灢
tronconversionefficiencyandthethicknessofpo灢
lyethylene,thecountingratecanbecontrolledby

modifyingthethicknessoftheconvertermaterials
accordingtotheneutronfluxshowninFig.7.We
obtainabetterresultofspatialresolution,based
onanassumptionthatthecountrateofincident
neutronsissolowthatthereisonlyonetrackin
thedetectoratmost.Atracklastsforfewtennan灢
oseconds.Inthisintervalifthereisanothertrack
comingin,thereadoutsystemwillgetawrongre灢
sult.Toestimatetheconversionefficiencyfordif灢
ferentthicknessofpolyethylenefoil,inthepresent
simulation,theaccumulationcanbeavoided.In
oursimulation,weusethepolyethylenefoilwitha
thicknessis40毺m.

Inthispaper,wehavesimulatedthe Micro灢
megasdetectorforneutron detection byanew
readoutmethodtoestimatethespatialresolution
andgotabetterresult.Furthermore,thisidea
couldbeusednotonlyforneutrondetectionwith
polyethyleneorotherconverter,butalsoforany
otherchargedparticlesmeasurementwith Micro灢
megas,andthismethodissoeasilyrealizedinex灢
periment.
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Micromegas中子探测器位置分辨特性的 Monte灢Carlo研究*
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摘暋要:利用 GEANT4和 Garfield气体探测器模拟程序模拟了 Micromegas中子探测器位置特性。在漂移

极上加一层聚乙烯薄膜作为转换材料,通过反冲质子法测量中子的位置。提出了一套通过设定探测器上层

结构的方案来得到探测器的位置分辨特性。通过对模拟结果的分析与比较,得到一种易于测定探测器位置

分辨特性的方法。该工作不仅可以优化气体探测器结构设计,缩短实验周期,而且还能极大程度地节约经

费。
关 键 词:Micromegas;中子探测器;位置分辨;计算机模拟
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