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Abstract

Two MICROMEGASdetectorsequippedwith solidneutron
corverters weretestedon a neutronbeam. The detectorshave
a3 mmdrift gap,a 100 um amplificationgapanda strip pitch
of 317.5um. Thefilling gasmixturesusedfor this testwere
argon/isolutane(90:10 and 98:2) and pure CF,. We present
preliminaryresultsof the operationof thedetectors.

. INTRODUCTION

Micromegasis a gaseousdetectorinitially developedfor
trackingin high-rate high-enegy physicsexperimentd1]. Its
propertiesopenthe way to useit in mary otherdomainssuch
asphotodetectiof2] and medicalimaging. In this paper the
Micromegasperformancan neutrondetectionapplicationsis
demonstrated.

A neutrontime of flight facility (n_TOF) is being built at
CERN [3], providing high neutronflux in the interval from
leV to 250 MeV, to study neutroncrosssectionsof almost
ary isotope,usingtargetsof very modestmass,necessaryor
unstableor otherwiseexpensve materials. A precisionof 1
mm on the measuremenbf the neutron beam shapeat the
experimentalarea(185m downstreanof the neutronsource)is
demanded.A Micromegasdetectoy equippedwith a neutron
conversiontargetis foreseerfor this purpose.

Preliminary results with Micromegas detectorstestedin
a neutronbeamat CENBG (Centre d’Etudes Nucléairesde
Bordeaux Gradignanrepresented.

[I. EXPERIMENTAL SETUP

The Micromegas detectoris a double-stagegparallel plate
chamberwith a narrov amplification gap (Fig. 1). In the
presenttests, it consistsof a 3 mm corversion gap and a
100 um amplification gap, separatedby a metallic nickel
micromesh (cathode), 3um thick, with 37 pum openings
every 50 um. Gold-platedcopperstrips (anode),9 pm thick,
groundedthrough chaige preamplifiersto define the anode
potential, are printed using standardithographyon an epoxy
plate, 1.6 mm thick. The strips, 384 in number have a pitch
of 317.5 um. The third (drift) electrodeis definedby an
aluminumfoil, 20 pm thick, stretchedon a G10 frame. The
active surfaceof thedetectoris 12x 14 cn?.

Two Micromegas detectors have been tested, having
differentneutroncorverters 500 nm thick, thatweredeposited
by vacuumdepositionon the insidefaceof the aluminumdrift
electrodeand on one half of the surface. In the first one, the
cornverterwasa SLi layer, protectedfrom oxidationby a very
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Figurel: TheMicromegasdetectoprinciple.

thin layerof aluminum,25 nm thick, which wasdepositecver
it. In thesecondne,thecorverterwasa'°B layer.

The electroniccardsusedfor the read-outof the detector
strip signal are basedon the GASSIPLEX chip. Eachone
consistof 96 multiplexedchage-sensitie-preamplifiers.

[11. DATA ANALYSIS

The net strip signalis obtainedfrom the raw signal, after
the subtractionof the pedestalalue and of an event by event
baselineshift. This shift is due to the correlation of the
pedestaldor stripsreadby the samecard. The netstrip signal
distribution is the superpositiorof the physicalsignalsand a
Gaussiarncenteredat zero, with a standarddeviation (sigma)
reflectingthe strip electronicnoise,which wasfoundto be of
the orderof 1000 electronsENC. In orderto discriminatethe
physicalsignalfrom the electronicnoise,only stripswith a net
signalabove 5 sigmaswereaccepted.

Thestripclusteravereadjustedy leastsquaredit toalinear
functionwith a Gaussiarshapeat both extremes(rise andfall).
The meanvaluesof rise andfall edgesprovide the position of
the endpointsof the track. The separatiorbetweenthesetwo
values,FCS (fitted clustersize), is a reasonablestimationof
theprojectedracklength.

Theneutrordetections basedpnonehand onthedetection
of the chaged particlesproducedby neutronreactionsin the
target depositedon the drift electrodeand, on the otherhand,
ontherecoilscomingfrom neutronelasticreactionsn gas.

In the caseof the 6Li tamet, the outgoing particlesof the
reactionare an alphaand a triton, while in the caseof the
10B target the outgoing particlesof the reactionare an alpha
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andaLi. While the signalscoming from thosereactionsare
constraintin the targetregion of the detector(half of the active
region), the signalscoming from the elastic scatteringof the
neutronsin the gasare presentin the whole volume of the
detector

To distinguishbetweerthedifferentparticles,it is necessary
to measurequantitiescharacteristicto their nature, such as
their enegy depositionand their pathlengthin the gasof the
detector Calculationsshaw that for 600 keV neutronswith
the 6Li target, particlesdepositingenegy up to 85 keV are
protons,in therangefrom 325up to 505keV tritonsandabove
505 keV mostly alphas. The protonregion was not obsened
sincethe trigger thresholdwas always set above 85 keV. For
the other two regions, it was not possibleto usethe enegy
depositiondistribution alone,becauseof the saturationof the
ADCs thatdistortedit. This saturationoccursin eventsof low
strip multiplicity. Therefore pntheplot of thefitted clustersize
(FCS)versusclusterchage (Fig. 2a), the saturatedeventsare
locatedatthelower part,well separatedrom the non-saturated
ones. A clearseparatiorbetweentriton andalphaparticlesis
obsened. The chage cut that appearsn this plot (at about
4500 ADC channels)is due to the trigger thresholdon the
meshsignalcorrespondingo 235keV of depositedenepy.

Anotherway to identify the differentchagedparticlesis by
using their dE/dx in the gas. This makes necessaryo know
the true track length in the detector With the Micromegas
detectorusedfor this test, only information for one spatial
dimensioncan be obtained. Consequentlyit is not possible
to calculatethe real pathlengthof a particle and, therefore,
its dE/dx. Neverthelessfor strip multiplicities high enough,
the ratio of the cluster chage (Q) over the FCSis a good
approximatiorto thedE/dxof the particle,otherwiseit leadsto
anoverestimation.

In a run with low gain (thresholdat 500 keV), the proton
recoilsarenot detecteddueto their limited enegy deposition.
For sucha run, only tritons and alphasenterin the Q/FCS
distribution, wherethetriton andalphapeaksarewell separated
(Fig. 2b). At higher gain (thresholdat 235 keV)), proton
recoils are also detected. Their Q/FCS distribution overlaps
with the triton andalphapeaks.Sincein the non-tagetregion
only protonrecoils are detected,t is possibleto subtractthe
proton contribution to the Q/FCSdistribution of the eventsin
thetargetregion, to extractthetriton andalphacontribution. In
Fig. 2(c,d)areshowvn the proton (solid line), triton andalpha
(dashedine) contritutionsto the Q/FCSdistribution for two
high gain runs: the triton and alpha peaksare always well
separate@ndthe protoncontributionis in accordancevith the
hydrogenconcentrationn the gasmixture.

Two methodswere usedto estimatethe spatialresolution.
The first one is basedon the starting point of the track and
the secondon the centroid of the cluster The trajectoriesof
chagedparticlesproducedn the target, projectedon the strip
plane,startingin the targetregion andendingin the non-taget
region provide an unambiguousstartingpoint. As mentioned
above, the strip clusterof eachreconstructeaventis fitted in
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Figure 2: Fitted cIusth/FFséAiDEES/vgrsusclusterchage (&) eincfd/FéS
distribution for protonrecoils (solid line), tritons and alphas(dashed
line) with (b) low gain, argon/isolutane (90:10), (c) high gain,

argon/isolutane(90:10)and(d) high gain, argon/isolutane(98:2): In

(b) no protonrecoils are obsered (cut by threshold),while from (c)

to (d) the numberof protonrecoils dropsaccordingto the hydrogen
concentrationn thegas.

orderto estimatahestartingandendingpositionof theparticle,
my andmy respectiely (m; < ms). In Fig. 3 is shovn the
distribution of m, versusm;. The edgeof the ®Li tamgetis

clearly seen,dueto the tritons that give high strip multiplicity

signals.Selectingthe eventswith an FCShigherthana certain
value (optimizedto 30) to enlagetheregion wherethe starting
point is unambiguousthe abore mentionedfunction is fitted
the m; distribution. The resulting spatialresolutionis about
300pm.
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Figure3: (a) m2versusml (seetext) and(b) m1 distribution afterthe
cutFCS>30.

This method is based on the selection of events in
a particular target region, allowing the use of high strip
multiplicities. It cannotbe usedfor a profiler, but it is useful
for theestimationof alower limit of the spatialresolution.

The second method, basedon the centroid distribution



of the events, can be appliedto a profiler, sinceit doesnot
requireaneventselectionin a particularregion of the detector
Lower the strip multiplicity is, closerthe centroid value is
to the neutroninteractionposition (track starting point). So,
contraryto thefirst method the eventsof high strip multiplicity
degradethe spatialresolution.A cuton FCS(FCS<4.5)results
in a rejectionof 53% of the eventsand an improvementby a
factorthreeon the spatialresolution. As expected the spatial
resolutionis slightly degraded(about400 pm). Nevertheless,
this spatialresolutionis well satisfyingthen_TOF prospect.

V. DISCUSSION

Monte Carlo simulationshaws thatthe depositecenegy of
thechagedparticlesfrom thecorverterin thegasis higherthan
80 keV, whatever the neutronenegy is. Thereforeathreshold
lower than80 keV is sufficient to reachtheir full detection.In
this case the neutrondetectionefficiency dependsonly on the
crosssectionof thereactionof neutronswith thetarget.

Since the chaged particle ionization is quite high, the
corversiongap of the detectorcan be decreaseddown to 1
mm) to improve the spatial resolution, without affecting the
detectionefficiengy. The drift time for a corversiongap of 3
mm is about100 ns (25 ns) for Ar (CF4). The reductionof
the corversiongapdown to 1 mm would alsoimprovethetime
resolution. Using fastelectronicsand a gapof 1 mm, atime
resolutionof 1 nscanbe obtained.

The proton recoil signalsfrom the gas can be seenas a
competitve processfor the neutron detection, for enegies
abose few keV, for which the recoil rate becomeslarger
than the corversionrate. For lower enegies, the neutron
corversionsdominate, as the crosssectionvaries as 1/v/E,.
Therefore, a Micromegas detectorwith a corverter and an
argon/isolutanegas mixture can be usedfor the detectionof
neutronsin a wide enegy range, from thermalto few MeV
neutrons.

V. CONCLUSIONS

The performance of the Micromegas neutron profiler
detectorwas studiedin the enegy rangefrom 240 keV up to
1 MeV. Theresultsindicatean excellentbackgroundejection
with a high detectionefficiency for the chaige producedby the
neutroncapturein the corverter The corversionefficiengy in
the neutroncorverterstestedwas of the orderof 10~*, which
is reasonabldor a beamprofiler in a high flux neutronbeam.
A spatial resolution less than 400 ym has been achiesed,
meetingthe requirementgor the n_TOF facility. The behavior
was stableduring the whole running period (10 days). It can
provide safe operationand an accuratemeasuremenof the
relative neutronbeamintensityandspatialprofile.

V1. REFERENCES

[1] Y. Giomataris, Ph. Rebougeard, J.P Robert and G.
CharpakNIM A376 (1996)29.

[2] J.Derreetal.,NIM A449(2000)314.

[3] “Proposal for a Neutron Time of Flight Facility”,
CERN/SPS®9-8,SPSC/P31017 March1999.



