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Abstract. Abstract. For the ANI calorimeter(40 x 40 m� ,
6 concreteabsorberlayersof 1 m thicknesseach)at mount
Aragatz,Armenia,a cheapandefficient active detectorele-
mentis needed.Onesolutionis to uselong,squaretubes(20
x 0.3x 0.3m� ) filled with wavelengthshifterdyedopedwa-
ter. Two PMTsat theendsserve to readout theCherenkov
light generatedby fastchargedparticles.For thecruciallight
transportalong the tubesthe walls are lined by a new su-
perreflectorfoil from 3M (dielectricreflectorfoil with R �
98%).Fromtestmeasurements,alight attenuationof afactor
10-15over thefull lengthis expected.Dueto thehighactive
materialfractionof thecalorimeterof nearly15%agooden-
ergy andspatialresolutionis expected.Prototyperesultswill
bepresented.

1 Introduction

One of the main disadvantagesof CosmicRay (CR)/ As-
troparticlephysicsexperimentscomparedtoHEPexperiments
at acceleratorsis, besidesthe unknown initial statecondi-
tions, the comparatively very low flux. Many experimental
efforts aredrivenby the needto increasethe detectorarea,
respectively volume. Costis a limiting factorandthereis a
needto find cheapactive elements.A typical exampleis the
needfor theactive elementfor the largecalorimeterproject
ANI (Danilova, 1992). ANI is locatedon the Mount Ara-
gatzandis half completedafterthedissolutionof theformer
Soviet Union. BesidesanoperationalscintillatorarrayANI
comprisesa 40x40m� concreteabsorberof 6 layersof 1 m
thicknesseach,interspersedby 40 cm gaps,andan under-
groundcave with muonchambersandan � 3500m� mag-
netisediron spectrometerfor muonstudies(not completed).
The high altitudeof 3200m asl makesthis detectorpartic-
ularly interestingfor studiesof chargedCRsabove 10��� eV
wherebesidestheKascadearrayat Karlsruheno otherlarge
experimentis planned.
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2 The basic concept

Herewe want to presentbotha conceptandthefirst results
from areducedsizeprototypefor theactiveelementfor such
a calorimeter, respectively similar applications. The basic
elementsarelong tubesfilled with waterandreadout by 2
photomultipliers(PMT) atbothends.A typicalconfiguration
wouldconsistsof 20(40)m long tubesof, say, 30cmdiame-
ter, arrangedalternatively in x andy directionin consecutive
gaps. The inner surfaceof the tubesare lined with a new
highly reflective (specularreflector)foil ensuringgoodlight
piping over large distances,respectively of detectorswith
largeaspectratios(length/diameter).Fastchargedparticles
produceCherenkov light. A significantfractionof the light
( � 50%) is absorbedby a dissolvedwavelengthshifter dye
(WLS) andre-emittedaround420-500nm. The re-emitted
light is isotropicandwell matchedto thehigh reflectivity of
the liner andthesensitivity of standardPMTs. Fig 1 shows
theconceptualdesignof onetube.Themainproblemin past
approachesof similar configurationwasthe inefficient light
transportover long distances.Efficient light transportcan
only be achieved by specularreflectancematerialsof high
reflectivity. WhenusingaluminisedMylar with about90%
reflectivity the lossesare to high after about20-30 reflec-
tions, besidesthe reflectordegradationwhen in prolonged
contactwith water. Using the principle of lightguiding in
waterby atubeof lowerrefractiveindex materialis excluded
by thelack of material.Plexiglastubesarecostlyandshow
long-termdegradationbecauseof surfacelongtermattach-
mentandmicrocracking.In addition,theachievablenumer-
ical aperturewith waterwould restrictlight transportto only
a small fraction. Highly reflective diffusematerialssuchas
Teflonfoils or TYVEK arecompletelyuselessasthey ’ trap’
thelight quite locally (seefig. 2). Thesolutionis to usethe
new 3M VM2000dielectricreflectorfoil (Weller, 2000)with
� 98 % reflectivity between400and700nm (We areactu-
ally negotiatingwith 3M aboutextendingthehighreflectivity
down to 300nm.).Thefoil doesnotcontainany metalandis
completelyinertagainstmany liquidsandsolutions
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Fig. 1. Conceptualdesignof a tubewith readout.
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Fig. 2. Signalreductionalonga tubeof aspectratio71 for isotropicemittedlight anddifferentlining.

(for examplesaltdissolvedin wateror alcohol-watermix-
tures). Fig 2 shows somelight piping studiesin a high as-
pectrationtubelined with differentreflectors.Asreadoutel-
ementsPMTswith a sensitive areaof typically half theend
areaof thetubeareused.UsingshortWinstontypelight con-
centratorsof thesame3M foil onecaneconomiseonthesize
of thePMTsandalsoimprove on thetime spreadby reject-
ing large anglephotonpathsat the expenseof somesignal
loss.
Relatively cheapPMTs canbe used. As considerabletime
dispersionof the photonflux developsalong the tube one
is limited in ratewhich is neverthelessstill many ordersof
magnitudeabovetheCRflux. For goodsignalprocessingthe
PMT signalhasto beintegrated.In ourtests,weusedcharge
sensitivepreampsandshapingamps( � � 50nsec)developed
for thephotodiodereadoutof crystal � calorimeters.Theuse
of suchsecondaryamplificationallows for a few stagePMT
operatingat mediumhigh voltageandlarge dynamicrange
( � 80 dB) without PMT saturationeffects. The final signal
processingandtriggergenerationis notsubjectof thispaper;

as it follows standardmethods,no further informationwill
begiven.

As tubescommercialwater tubesmadeof polyethylene
(PVC...)canbeused.Usingstandardendfittingsthemount-
ing of thewindows,supplylinesetc.makesproductionvery
simpleandcosteffective.For optimalperformance,it would
be betterto usea square(rectangular)profile comparedto
thereadilyavailableroundonebut alsosquaretubescanbe
found commercially. (Thereis a small buoyancy problem
with the foil that hasa slightly lower specificweight than
water. This causesmoreinstallationproblemswhenlining
squaretubes).For filling, we usedfilteredtapwater(in case
of very long tubesdistilled water shouldbe superior). As
WLS many fluorescentdyescanbe used,for exampledyes
usedfor opticalbrightenersin washingpowder, white paper
etc. Thesedyesarenon-poisonous,massproduced,dissolve
easilyin waterandhave a quantumefficiency (QE) closeto
100%.Fig. 3 showstheabsorptionandemissioncurveof our
testedWLS, the absorptioncut-off of water, the reflectivity
of the3M foil VM 2000andtheQEof a standardPMT with
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Fig. 3. Someessentialopticalparametersof theactiveelement.

Bialkali photocathode.
Calibrationsandmonitoringof the tubeswill be performed
by i) LED pulsers,ii) by chargepulsesinjectedat theinputs
of the charge sensitive preampsand iii) by cosmicmuons
(2000/sec/20m tube). LEDs areeitherblueones( ½¿¾ � =
428 nm or ½À¾ � = 470 nm) or Nichia UV-LEDs ( ½À¾ �
= 370nm) exciting thenearbyWLS. Someproblemsmight
occurduringsubzerotemperaturesin winter, requiringeither
external heatingor replacingthe water by a water alcohol
mixture,respectively theadmixtureof saltin thewater.

3 Expected performance

In the spectralrangebetween250 and 400 nm a total of
270 photons/cmpathlengtharegeneratedby a Á � travers-
ing chargedparticle. For a WLS (Basacid)of � 95% QE
anda total pathlengthof 30 cm about2800photonsaregen-
eratedisotropically, which are emittedbasically1/2:1/2 in
the two directions.Due to waterabsorptionandreflectivity
losses,about5% (on average)will reacheachPMT. For a
typical meanPMT QE of 15% one expectsa signal of 20
photoelectronsfor the most distantparticles,i.e., even the
signalof a singlemuonis visible. If thedetectortubeis ex-
tendedto 40m thanthesignalfrom asinglemuonpassingat
thefar distanceis barelyvisible. In calorimeterapplications
the expectedsignalfrom hadroniccomponentsof EAS will
besufficiently large.Coincidencesignalsfrom double-sided
readoutresultin a veryhighsignalto noiserejectionevenin
caseof muons.
Two-dimensionalreadoutis neededto i) determinethec.o.g.

of theshower, ii) solve ambiguitiesin caseof multiple sub-
showersandiii) correctthesignalattenuationalongthetube.
The shower c.o.g. canbe determinedby ’current division’
or by timing differences.In bothcasesa resolutionof better
than2 m (energy dependent)shouldbeachievable.To fully
exploit timing onehasto useconstantfractiondiscriminators
whichwouldresultin atimeresolutionof ½ 1/10of theshap-
ing time, i.e., ½ 5 nsec. In thecaseof theANI calorimeter
thefractionof activematerialis around0.15,i.e.,a relatively
goodenergy resolutionis expectedalthoughonly theshower
tail canbesampled.Theperformancewill bequitedifferent
if the top layer is locatedabove or below the top concrete
plate.ANI is basicallya ’ tailcatcher’calorimeteranda typi-
calenergy resolutionof 20%is expectedbasedonHEPdata.
MC simulationsarepending.
A first costestimateshows thata tubeelementcanbebuild
for $ 1500-2000(dominatedby thePMT price) for boththe
20 and40 m long units. A total of 900 (40 m version)re-
spectively 1800tubesof 20 m lengthwould be neededfor
theANI calorimeter.
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