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Abstract.

Accuratemeasurementsf the muon componenin EAS
are particularily importantfor determinatiorof the primary
CR spectrumandcomposition Multiparameterlnalysigos-
sibilitiesin KASCADE have beernrecentlyenhancedby start-
ing the operatiorof alargeareastreametubemuontracking
detector With its acceptancef about500 m?-sr it identi-
fiesEAS muonswith enegy exceeding0.8 GeV. Therecon-
structionof the meanmuon productionheight,a parameter
relatedto the natureof primary UHE patrticle,is amaingoal
of this detector In addition,this detectoris capableof inde-
pendentdeterminatiorof the shaver direction, therefore,it
canbe usedin combinationwith the scintillatorarrayto im-
prove the overall angularresolutionof KASCADE. For the
above-mentionedapplicationsa good and well understood
accuray in determinatiorof theanglesof themuontracksis
of primaryimportance The constructiorof thewholedetec-
tor, aswell asstreametubesandelectronicspeciallydevel-
opedfor it, allowed to reachhigh efficiency of muontrack
detection,on the level of 0.72. Variousapproacheso the
conceptof the angularresolutionin track determinatiorare
discussedTheinfluenceof the designandoperationfactors
on the resolution,which canapproachthe level of 0.2°, is
shavn. Exampleof the detectorperformancen muonden-
sity measurements given.
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1 Intr oduction

Investigationof the UHE cosmicray particles(with enegy
above 10*® eV), dueto their very low flux (beingmuchbe-
low 10~3s~'m~2), is possibleonly via indirectobsenations
of extensie air shavers (EAS), createdas a result of in-
teractionsof thoseparticleswith nuclei of the atmosphere.
Ground basedexperimentsof large detectionareahave to
measurepreciselyas mary componentof the cascadele-
velopingin the atmospheraspossible. Particularly impor-
tantis the measuremerdf themuoncomponenbdf the EAS,
becausesomeof the muonsreachingthe obsenation level
carry informationaboutthe very first interactionsat the top
of theatmosphereFor large distancedrom the shaver core
individual muontrackspoint to the muonproductionheight
(MPH) andhelpto identify the natureof the primary UHE
particle. Monte Carlo calculationsshaw, that by meansof
the meanMPH parameterfor a good statisticsof shawers,
primary particleslike iron nuclei(Fe) canbe separatedrom
light ones ike hydrogen(p).

As anextensionto theKASCADE EAS experiment(Klag-
esetal., 1997)alargeareastreametube(ST) Muon Track-
ing Detector(MTD) wasput into operation. KASCADE at
the Forschungszentrum Kar|sruhe hasbeentakingdatasince
1996, measuringvariousshover parametersvith the 200 x
200 m? scintillator array and a central detectoy consisting
of ahadroncalorimeterandmuondetectors.Thenew MTD
of about500m2-sris intendedto trackthe muonscreatedn
the EAS. In addition,it will enhancehe capabilityof KAS-
CADE in measurementf the muonmultiplicities andtheir
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Fig. 1. Locationof theMTD within the KASCADE experiment.

lateraldistributions.

2 Detectorand its components

The ST MTD is locatedwithin the KASCADE EAS experi-
ment(fig.1) in thetunnelburiedin thegroundunderashield-
ing of 18 r.I., madeout of concrete,ron andsoil. A mul-
tilayer of 6 iron platesof 3 cm thickness,separateceach
by 5 cm sand,providesa goodabsorbeffor a large fraction
of low enegy electromagnetiparticles,thusenhancinghe
tracking capability andidentificationof the muonswith an
enegy above 0.8 GeV. A crosssectionof the detectortunnel
of 2.4 x 5.4 x 44m3 andits locationwithin the KASCADE
experimentis shovn in fig.1.

Table 1. SomeST designparameters.

PVC profile resistvity 100kQ/square
Bakelite cover resistvity 10" Qxcm
Anodewire diameter 100um
Anodewire tension 3Nat20°C
Wire saggingbetweerspacers 42 pm

ST chambedimensions 13 x 166.6x 4000mm®

The MTD consistof 16 muontelescopes;alleddetector
towers, arrangedn two rows. A tower is built up of four de-
tectormodules: threepositionecdn horizontalplanesandone
arrangedvertically. A detectomodule, of thesize2 x 4 m?,
consistof 12 ST chambers.

2.1 StreameiTfubechambers

As aresultof intensvestudiegDoll etal.,1992,1994,1995),
of variouscommercialPol.Hi.Tech.;Hungerfordetal., 1990)

Fig. 2. Detailedview of openedST chambemwith adapterboard.
Anode wires connectedn pairs and balelite cover on one of the
profilesareseen.

and custommadeSTs (Aleksee et al., 1986), (DeWulf et
al., 1986), as well as several technologicalimprovements,
ST chamberof the laroccitype (larocci, 1983) were built
for KASCADE by acompaly (WATECH) from Vienna.
The chamberconsistof two cathodecombprofiles,being
extrudedout of conductve PVC for 8 parallel ST cells of
9x9 mm? crosssectionand4000mm length. High quality
coppetberylliumwire, temperecandsmoothedwith 0.3 um
of silver hasbeenusedfor anodes being supportedevery
500 mm along the cells. A bakelite sheetclosesthe field
aroundtheanodewire very effectively (Pentcheg etal., 1997)
whenapplyingnegative HV to the cathodeprofiles. Profiles
with wires and bakelite coverswere slid into normal PVC
ervelopesandsealedff with endcapsexhibiting connectors
for anodewires, high voltageandgas. The detailsof the ST
chamberconstructioncanbe viewed in fig. 2 andits basic
designparameterarelistedin Tablel.

2.2 Detectormodules andelectronics
Abovethe ST chambersn a detectormodule thereis a layer

of arigid polyesterfoil of 75 um thicknesswith evaporated
aluminumstrips of 20 mm pitch (18 mm width) and2 m

Table 2. Operationaparametersf MTD.

Detectingsurfacefor verticalmuons 128m?
Total detectingsurface 512m?
Numberof ST chambers 768
Numberof readoutchannels 24576

- wires 6144

- strips 18432
Numberof readoutboards 768
Gasmixture 70% isokutan+ 30% argon

Gasflow rate 0.5dnm’/hx 16 towers

Full MTD gasvolume 240x 16 = 3840dn?

length,perpendiculato thewires. Anotherlayerof suchfoil
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Fig. 3. Efficiency dependencen discriminatorthresholdfor upper
modulesin all towers

is mountedbelow the tubesbut with strips orienteddiago-
nally (60°). Thesediagonal strips aremadeout of the same
strip materialbut 2 stripsare combinedat the readoutside.
Thusfor the readoutelectronicsavery moduleis a sourceof
96 wire pairssignals,192perpendiculaand96 diagonalstrip
signals.

Our datareadoutsystemis of a chaintype,commonlybe-
ing usedwith the large scaleST detectorg(e.g. Adamset
al., 1999). Speciallydesignedront-endboardgZabieravski
and Doll, 2001) are connectedn seriesof 24 boardlong
chainswhichshiftthedatainto CAMAC CAEN C267STAS
controllers. The MTD canbe self triggeredor receve trig-
gersfrom otherpartsof KASCADE. Operationaparameters
of theMTD arelistedin Table.2.

3 The MTD efficiency

We definea hit in a module whena wire andcorresponding
perpendiculastrip have data. The tracksare of two kinds.
Thehits foundin threemodulesform 3-hit tracks and,when
datais foundin two modulesonly, onehasa 2-hit track.

For the efficiency determinatiorall tracksareused. Hav-
ing a starting coordinateand the direction of eachpatrticle
onechecksfor the wire and strip datain all modulesalong
eachtrack. Theratio of foundto expectedhumberof signals
givesa measureof an efficiency in eachwire or strip plane,
whichtakesinto accounteadzonesdueto STwalls. Thisef-
ficiengy is alsodiscriminatorthresholddependentasshovn
in fig. 3 for the uppermodulein all towers. As shawn in
the picture,for ~ 17 mV thresholdonehas95 % efficiency
for wire and strips, what meansxs 90% hit efficiency for a
moduleand= 72 % 3-hit track efficiency for aMTD tower.

4 Angular resolution

The tracking detectorhasa geometrical angularresolution
definedby its designand dimensions. With the 1640 mm
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Fig. 4. Full intrinsic angularresolutionof the MTD obtainedwith
simulation(top) andits dependencen the zenithangle(bottom).

separatiorof thetop andbottommodulesin towers,20 mm
strip widths and two 9 mm wide ST wire cells connected
togetherthe meanvalue of this parameteris ~ 0.35 for
vertical muonsand improveswith increasingzenith angle.
However, this value can never be achieved, becauseof fi-
nite accuray in thegeometrydeterminatiorandinteractions
of the particlesin different materialsthat built up a detec-
tor, including tunnel shielding. We call full intrinsic reso-
Iution a parametetaking into accountthe abose mentioned
effectsand shaving how accuratea known muondirection
above thetunnelcanbereproducedvith the MTD. In order
to obtainthis parameteasimulationstudyhasbeendone us-
ing the CRES(CosmicRay Event Simulation)Monte Carlo
program,which is a GEANT3 basedcodedevelopedfor the
KASCADE experiment.The sampleof muonsusedasinput
particlesreproduceghe zenithandazimuthdistributions of
the shawversreconstructedby the scintillatorarraywith are-
alisticenegy spectrum(Casoetal., 1998).In orderto cover
the uncertaintyin the geometryof the detectortwo different
Geometry Data Bases (DB) wereused,onefor the simula-
tion of thereferencearackandanotherfor the reconstruction
of the track. The latter one was obtainedstartingfrom the
formerandsmearinghe positionsof eachmodulerandomly
with a sigmaof 3 mm (assumegbrecisionof our mechanical
andopticalmeasurements).heresultingdistribution of true
vs. reconstructeanuondirectionsis plottedin top panelof
fig. 4. Thevalue,belov which thereis 68 % of all events,
we call full intrinsic angular resolution of the MTD. In this
caseit is equalto 0.56°.

To lower this value one hasto obtain betterknowledge
ondetectoigeometryor/andimprove geometrical resolution.
The former is possiblewith variousmethodsusing cosmic
muons,which allow to introducecorrectionsinto DB. The
latterrequiressometechnicaimodificationssuchassingleST
cell readoutandutilizing drift time (Obenlandet al., 2001).
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Fig. 5. Total angularresolutionof the MTD asa functionof recon-
structedprimaryeneny.

Thesetechniguesnake it possibleto obtain a geometrical
resolutionon thelevel of 0.2°.

In reality the true directionis not known andoneis in-
terestechow accuratds the detectorin pointing at the sky.
This parametercalledtotal angular resolution, canbe esti-
matedby measuringthe angle betweentwo parallel muon
tracks. High enegy muonsoriginating high in the atmo-
spherehave to be usedfor this purpose. Tracksat large
distanceto the showver core are good candidates.They are
not perfectlyparallel,dueto possibledifferencesn produc-

tion heightsanddueto multiple scatteringn theatmosphere.

But, sincein real measurement&e cannotavoid thesetwo
effectsthe valueof resolutionfoundthis way includesthese
phenomena.

For the mainapplicationof the MTD, namelydetermina-
tion of the muon productionheight (Buttner et al., 2001),
a resolutionin determinatiorof the anglebetweenmuonin
MTD andthe shaver direction, determinedrom the array
data,is animportantparameter

In fig. 5 the resultingtotal angular resolution asa func-
tion of reconstructegbrimary enegy for the two casesnen-
tionnedabove is given. We find thatabove 10'* eV onecan
measurehe direction of a muonversusanothermuonwith
a precisionof ~ 0.7°. This numbercontainsfull intrinsic
resolution of the MTD andthe meanvalueof muonscatter
ing anglein theatmosphereyhich, basedonthe CORSIKA
(Heck et al., 1998) simulations,one can estimateto be ~
0.6°. Measurementmadewith respecto the shover direc-
tion are more precisedueto significantly bettershaver di-
rectionaccuray achiesedby the scintillationarrayof KAS-
CADE (< 0.2 abore 10'° eV).

As anexampleof the MTD capabilitiesmuonlateraldis-
tributionsarepresentedn fig. 6. It hasto be noted,thatthe
goodagreementvith the KASCADE arrayresultsconfirms
the properunderstandingf theMTD efficiency.

Acknowledgements. The KASCADE experimentis supportedby
ForschungszentrurKarlsruheand by collaboratve WTZ projects
in the frame of the scientific -technicalcooperatiorbetweenGer
mary andRomanig RUM 97/014 Poland(POL 99/005)andArme-
nia(ARM 98/002).ThePolishgroup(Soltanintitute andUniversity

[N
X4

e
= -
Z -
GC) tr)
©
c
S 4
£E10 | 2
i
7
10_ [ B ]:ﬁﬁﬁ ﬁﬁﬁ:’ - Eﬁﬁﬁ 'ﬁ: 29'33
Cooes0ag Tt
[ array (NKG=fit) oot
" =="muon tracking detector (NKG-fit) -

100 120 140
core distancém]
Fig. 6. Muon lateraldensitydistributionsfor four differentshaver
sizeslg(Nf/‘) (Glasstetteetal., 1999)andzenithangles) between
0° and18’. Symbolsrepresentatapointsfrom the MTD, andthe
solid linesfits to the data. The dashedines arethefits to the data
from the scintillation array (correctedfor the thresholddifference)

for the sameshaver sample.

20 40 60 80

of Lodz) acknavledgesthe supportby the Polish StateCommittee
for ScientificResearcl{grantNo. 5 P03B13320).

References

AdamsD. etal., (SMC Collaboration)Nucl. Instr. andMeth. A435
(1999)354.

Alekse& G.D. etal, Nucl.Instr andMeth. A243(1986)385.

ButtnerC. et al., (KASCADE Collaboration),Proceeding®f the
27thICRC, Hamhurg (Germary) 2001,HE 1.2.30.

CasoC. etal.,(particleDataGroup) The Eur.Phys.JC3 (1998).

Dewulf J.P et al., (CHARM Il Collaboration), Nucl.Instt and
Meth.A252(1986)443.

Doll P. etal., Nucl.Instt andMeth. A323(1992)327;
Nucl.Instt andMeth. A342(1994)495;
Nucl.Instr andMeth. A367(1995)120.

GlasstetteR. etal, (KASCADE Collaboration),
Nucl.Phys.B(Proc.Suppl)5A (1999)238.

HeckD. etal., ReportFZKA 6019,Forschungszentrudarisruhe,
1998.

HungerfordD. etal., Nucl. Instr. andMeth. A286 (1990)155.

larocciE., Nucl. Instr. andMeth A217(1983)30.

KlagesH.O. etal., (KASCADE Collaboration),
Nucl.Phys.B(Proc.Supplb2B (1997)92.

Obenlandr. etal., (KASCADE Collaboration) Proceedingsf the
27thICRC, Hamhurg (Germary) 2001,HE 1.8.33.

Pentche L. etal., Nucl.Instr andMeth. A399(1997)275.

Pol.Hi.Tech.,67061Carsoli(AQ), Italy.

WATECH, W. Bartl, Aslangass®, 1190Wien, Austria.

Zabieravski J. andDoll P, submittedto Nucl. Instr. andMeth. A,
(2001).



