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Abstract:Inthispaper,thepossibilityusingmicromegas(Micro灢MeshGaseousStructure)asneu灢
trondetectorin14 MeVneutroncomputedtomography(CT)hasbeensimulated.Theresults
showthatthemicromegasneutrondetectorhashighspatialresolutionandisagoodcandidatefor
neutronradiography.Thethree灢dimensionalimagesofplantrootsinsoilaresuccessfullyand
clearlyobtainedbythe14MeVneutronCTwithmicromegasasaneutrondetector.Inthepresent
simulation,MCNPisemployedfor14MeVneutrontransportinthesampleandMatlabforthe3灢
Dphotographreconstruction.
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1暋Introduction
Non灢destructiveexamination(NDE)technique

isofgreatimportanceforbotaniststomonitorthe
growthofaplantalivewithoutremovingsoiland
judgethehealth,growthandvitalitysituationof
theplant,andtocarryontheirdeeperresearchon
theplant.

Among many NDEtechniquesavailableand
capableofrevealingtheinternalstructureofanob灢
ject,X灢rayradiographyhasbecomewidelyusedin
manyfields[1—5]includinginbotany.However,X灢
rayisnotsensitivetohydrogen,whereasneutron
is much moresensitivetohydrogenandconse灢
quently,theneutronradiographyisexpectedto
givebetterresultsforvisualizingplantrootsin
soil.ItiswellknownthatCTtechniqueisquitere灢
liabletogiveclear2Dand3Dimage.Neutronradi灢
ographywithCTtechnique,i.e.neutronCT,may

betreatedasamoreeffectivetoolforqualitatively
investigatingthedistributionofhydrogeninanob灢
ject.TheprincipleofNeutronCTandX灢CT[6]is
thesame.Thedifferencesbetweenthemarefrom
theinteractionofX灢rayandneutronwithmatter.
ComparedwithX灢CT,neutronCTdevelopsslow灢
ly.Oneofthekeyproblemswhichlimitthedevel灢
opmentofneutronCTistheposition灢sensitiveneu灢
trondetectiontechnique.

Micromegas(Micro灢MeshGaseousStructure)

asakindof micro灢patterngaseousdetectorhas
manyoutstandingfeatures,suchasgoodradiation
resistance,excellenttimeproperties,perfectspa灢
tialresolution,stability,highgainandcounting
rate.Although it was originally designed for
chargedparticlesand X灢rays[7],itcouldalsobe
usedforneutrondetectionbyaddingaconvertma灢
terial[8—10]andhaveagoodspatialresolutionfor
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neutron.Alltheseexcellentperformancesarejust
neededbyneutronCT.Themicromegasdetector
hasbeendesigned,constructedandstudiedsince
thebeginningof2006byourgroupinInstituteof
ModernPhysics,ChineseAcademyofSciencesand
thepossibilityofitsbeingusedinneutronCTsys灢
temhasbeingstudiedsincethen.

Inthispaper,basedontheacceleratorneutron
source(T(d,n)4He,3暳1012 neutrons/s)of
LanzhouUniversityandthemicromegasasthepo灢
sitionsensitiveneutrondetector,aprophasesimu灢
lationofneutronCTforthree灢dimensionalvisual灢
izationofplantrootsinsoilispresented.This
workwouldbeexpectedtogivesomeadvisablein灢
formationandfirmconfidenceforfurtherdesignof
thisradiographysystemplannedtobedevelopedin
LanzhouUniversity.

2HighSpatialResolutionof Micro灢
megasasaNeutronDetector
Micromegasdetectorwasdevelopedfirstlyby

Giomataris[7]etal.in Dapniaof CEA (French
AtomicEnergyCommission)atSaclayin1996.At
present,ithasbeenregardedasarobustoneinthe
currentandfuturephysicalexperiments.Thede灢
tailsofthedetectorusedinthepresentsimulation
areshowninFig.1.

Fig.1 SchematicoftheMicromegasdetector.

Tostudytheperformanceofmicromegas,two
independentsimulationshavebeendone.Inthe
firstpart,thedriftingandmultiplicationofionized
electronsinthedetectoraresimulatedbyGarfield.
Itsresponsefunctionsinbothtimeandspaceare

obtained.
Inthesecondpart,theprocedureofaninci灢

dentneutronflyingintothedetector,leadingare灢
coiledproton,whichproducesalotofprimaryion灢
izedelectronsinthedriftregion,issimulatedbya
codebasedonGeant4.Theefficiencyofrecoiled
protonforperincidentneutronisabout10-4.The
responseofthedetectorforagoodeventissimula灢
ted.

Afterallproceduresabove,togetahigher
spatialresolution,anew readout methodcalled
timecoincidencetechnologyhasbeendeveloped.
Themainprincipleisthatasthetrackofrecoiled
protonisnotperpendiculartothedetectorplane,

weonly measuretheoriginalpartofthetrack,

whichwouldbemuchclosertothepositionofthe
incidentneutron.Asasignalofawholetracklasts
forawhile,onlythelastpartofitshouldberecor灢
ded.Insuchway,theoriginalpositionofthere灢
coiledprotonismeasured[11].Thefinalspatialres灢
olutionisshowninFig.2.

Fig.2 Deviationunderthenewconfiguration.

AnexponentialdecayinFig.2showsthatthe
spatialresolutionforthisdetectorconfigurationis
only91.9毺m,whichisgoodfortheneedofneu灢
tronCT.Consideredforsomeexperimentalfac灢
tors,thespatialresolutionwassetto200毺min
theneutronCTinoursimulation.

3暋NeutronCT

AtransmissionneutronCTsetupataradio灢
graphybeamlineconsistsofa position灢sensitive
neutrondetectorsystemandarotarytable.The
sampleunderinvestigationisfixedontherotary
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tableinthecollimatedneutronbeamandcanbero灢
tatedwiththerotarytableinsmallangularsteps
over180曘.Asliceofanobjectperpendiculartothe
axisofrotationoftherotarytableischosentobe
analyzedinmathematics(seeFig.3).Theintensi灢

Fig.3 Lineofresponseinsinglesliceprojection.

tyofneutronbeamalongastraightlineofresponse
obeystheBeer灢Lambertlaw:

I(氀,毴)=I(l)=I0e-曇
l

l毺(x,y)dl. (1)
Theprojectionalongthestraightlineofresponse
parameterizedbydistance氀andangle毴intheslice
isdefinedas:

P(氀,毴)=ln I0

I(氀,毴)=曇
l

l0
毺(x,y)dl. (2)

ThisisRadontransformoftheunknowndistribu灢
tionofthelinearneutronattenuationcoefficient
毺(x,y).Theplanedistributionof毺canberecon灢
structedfromtheprojectionP(氀,毴)byinverseRa灢
dontransform:

毺(x,y)=曇
毿

0
P̂(xcos毴+ysin毴,毴)d毴. (3)

Eq.(3)isashortnotationfortheprocedurecalled
“filtered back projection暠,implementing the
inverseRadontransform .Byrotatingthetable,

enoughprojectionsP(氀,毴)canbeobtainedand
usedtocalculatethe毺(x,y)togetits2Dimages.
Fromthe2Dimages,the3D matterdistribution
canbealsoreconstructed.

In reality,some implied assumptions are
poorly fulfilled. Considering neutron transport
throughbulkysample,thebiggestviolationisdue
toneutronscattering.Firstly,Beer灢Lambertlaw,

i.e.Eq.(1),assumesthatscattered neutrons
shouldnotreachthedetector.Butinfact,the
scatteredneutronsinneighboringlinesofresponse
leadtoanadditionalcontributiontothevalueof
I(氀,毴)measuredinthedetector.Andthepresent
detectorcannotdistinguishdirectsourceandscat灢
teredcontributions.Secondly,Eq.(1)isvalidfor
themono灢energeticneutronsonly.Althoughthe
incidentneutronbeam canapproximatelyhavea
singleenergy,thebeam energy woulddecrease
withneutrongoingdeeperintothesampledueto
theneutronscattering.Thedetectormeasuresthe
energyspectrumaveragedneutronresponse.Due
totheenergydependenceoftheneutroncrosssec灢
tionvalues,thisinducesanotherdeviationfrom
theexponentialattenuationlaw[6].

4暋SimulationandResults

4.1暋MCNPcalculation
Inthepresentwork,MCNPisemployedto

simulatethetransportoftheneutronbeamgoing
throughthesoilsampleandscanningtheconsider灢
ablesectiontogettheprojectionsP(氀,毴).The
simulationsetupofneuronCTisshowninFig.4.

Fig.4 ArrangementinMCNP.
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AsshowninleftpartofFig.4thesoilsampleisa
cylinderwitharootinit.Theweightfractionof
differentcompositionsinthesampleistabulatedin
Table1.Thecompositionsinrootandsoilaresup灢
posedtouniformlydistribute,respectively.

Theenergyofneutronbeamis14MeV.The
imagingplateisactuallythemicromegasneutron
detectorwithspatialresolutionof200毺m.Thean灢
glestepofturningtableis3.6曘from0曘to180曘.

Table1暋Compositionofrootandsoilin

MCNPinputfile暋暋暋(wt%)

Composition Root Soil

H 11 3.2

C 5 4

N 4 2

O 75 40.8

Na 3 -

Al - 10

Si - 30

Ca 2 -

Fe - 10

4.2暋2Dand3Dimages

UsingtheprojectionsP(氀,毴)obtainedwith
MCNP,a Matlabprogram wasdevelopedtorun
FilteredBackprojection Algorithmtogetthe2D
imageofthesample.Inordertogethighquality
3Dimage,250crosssectionimagesweretotally
obtained.Asanexample,Fig.5showstwoof
themwitharea1.2cm 1́.2cmeach.Thecross
sectionimageoftherootinthesoilsampleisquite
clear.

Furthermore,the3D MedicalImageProcess灢
ingandAnalyzingSystem (3DMed)wasemployed
toget3Dimage.Thissoftwaresystemisexpected
toprocessandanalyzetheimagedata.2Dimage
datacalculatedwithourMatlabcodewereusedas
aninputof3DMed.The3Dimagesofrootinsoil
areshowninFig.6 (rightpart).Inordertosee
howwelltheimagesgotwithneutronCT,theob灢
jectswereputontheleftofFig.6.FromtheFig.

6,itisclearthattheimagesoftherootinsoil
takenbytheneutronCThaveverygoodquality.

Fig.5 Twoselectedsectionimageswithareaof1.2cm ´

1.2cm.
Pixelis200毺m暳200毺m.Thedarkspotsstandforrootswith

soilaround.

Fig.6 (a)the3Dvisualizationofroottipsindifferentvisual

angle;(b)theircorrespondingimagestakenwithpres灢

entneutronCT.

5暋ConclusionsandOutlook

Accordingtooursimulation,sinceMicrome灢
gasforneutrondetectionhashighspatialresolu灢
tionandneutronrayisverysensitivetohydrogen,

theneutronCTwithmicromegasasaneutronde灢
tectorcanprovidehighqualityimageofaplant
rootinsoil.Thisworkisexpectedtobehelpfulfor
settingupneutronCTsystembasedontheacceler灢
atorneutronsourceofLanzhouUniversity.
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基于 Micromegas探测技术的中子CT可行性研究*
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摘暋要:在培育新品种过程中能够实时掌握了解土壤中植物根系的形态以及其生长情况将为植物学家提供

很多不可或缺的信息。对基于 micromegas探测技术的中子 CT 在这一新应用的试验环境进行了仿真模拟,
通过三维图像重建后,得到了令人满意的预期结果。首先通过 Geant4和 Garfield模拟计算利用聚乙烯薄

膜作为中子转换层的 micromegas中子探测器,得到了非常理想的位置分辨,说明基于 micromegas探测技

术建立中子 CT照相系统的可行性。然后利用 MCNP仿真模拟14MeV 中子CT的实验环境,最后由 Mat灢
lab程序进行图像重建。
关 键 词:micromegas探测器;中子 CT;图像重建;根系显影
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