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Abstract. Abstract. For the ANI calorimeter(40 x 40 m?,
6 concreteabsorbetayersof 1 m thicknesseach)at mount
Aragatz,Armenia,a cheapandefficient active detectorele-
mentis neededOnesolutionis to uselong, squaregubes(20
x 0.3x 0.3m?) filled with wavelengthshifterdye dopedwa-
ter. Two PMTsat the endssene to readout the Cherenlov
light generatedby fastchagedparticles.For thecruciallight
transportalong the tubesthe walls arelined by a new su-
perreflectorfoil from 3M (dielectricreflectorfoil with R >
98%). Fromtestmeasurements,light attenuatiorof afactor
10-150verthefull lengthis expected Dueto the high active
materialfractionof thecalorimeterof nearly15%agooden-
ergy andspatialresolutionis expected Prototyperesultswill
bepresented.

1 Introduction

One of the main disadwantagesof CosmicRay (CR)/ As-
troparticlephysicsexperimentsomparedo HEPexperiments
at acceleratorss, besidesthe unknown initial statecondi-
tions, the comparatiely very low flux. Many experimental
efforts aredriven by the needto increasethe detectorarea,
respectrely volume. Costis a limiting factorandthereis a
needto find cheapactive elementsA typical exampleis the
needfor the active elementfor the large calorimetermproject
ANI (Danilova, 1992). ANI is locatedon the Mount Ara-
gatzandis half completedafterthe dissolutionof theformer
Soviet Union. Besidesan operationakcintillator array ANI
comprisesa 40x40m? concreteabsorbeiof 6 layersof 1 m
thicknesseach,interspersedy 40 cm gaps,andan under
groundcave with muonchambersandan ~ 3500m? mag-
netisediron spectrometefor muonstudies(not completed).
The high altitude of 3200 m asl makesthis detectorpartic-
ularly interestingfor studiesof chagedCRsabove 10'* eV
wherebesideghe Kascadearrayat Karlsruheno otherlarge
experimentis planned.
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2 Thebasic concept

Herewe wantto presentboth a conceptandthefirst results
from areducedsizeprototypefor theactive elemenfor such
a calorimetey respectiely similar applications. The basic
elementsarelong tubesfilled with waterandreadout by 2

photomultiplierd PMT) atbothends.A typical configuration
would consistf 20(40)m long tubesof, say 30 cm diame-
ter, arrangedalternatvely in x andy directionin consecutie
gaps. The inner surfaceof the tubesare lined with a new

highly reflective (speculareflector)foil ensuringgoodlight

piping over large distancesrespectiely of detectorswith

large aspectratios (length/diameter) Fastchagedparticles
produceCherenkov light. A significantfraction of the light

(=~ 50%)is absorbedy a dissolved wavelengthshifter dye
(WLS) andre-emittedaround420-500nm. The re-emitted
light is isotropicandwell matchedo the high reflectivity of

theliner andthe sensitvity of standard®MTs. Fig 1 shawvs

theconceptuatlesignof onetube. Themainproblemin past
approachesf similar configurationwasthe inefficient light

transportover long distances. Efficient light transportcan
only be achiesed by speculareflectancematerialsof high

reflectivity. WhenusingaluminisedMylar with about90%
reflectvity the lossesareto high after about20-30 reflec-
tions, besidesthe reflector degradationwhenin prolonged
contactwith water Using the principle of lightguiding in

waterby atubeof lowerrefractveindex materialis excluded
by thelack of material. Plexiglastubesare costlyandshowv

long-termdegradationbecauseof surfacelongtermattach-
mentandmicrocracking.In addition,the achiezablenumer

ical aperturewith waterwould restrictlight transporto only

a smallfraction. Highly reflectve diffusematerialssuchas
Teflonfoils or TYVEK arecompletelyuselessasthey 'trap’

thelight quite locally (seefig. 2). The solutionis to usethe
newv 3M VM2000dielectricreflectorfoil (Weller, 2000)with

> 98 % reflectvity betweerd00and700 nm (We areactu-
ally neggotiatingwith 3M aboutextendingthehighreflectvity

down to 300nm.). Thefoil doesnotcontainary metalandis

completelyinertagainstmary liquids andsolutions
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Fig. 1. Conceptuatiesignof atubewith readout.
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Fig. 2. Signalreductionalongatubeof aspectatio 71 for isotropicemittedlight anddifferentlining.

(for examplesaltdissohedin wateror alcohol-watermix-
tures). Fig 2 shavs somelight piping studiesin a high as-
pectrationtubelined with differentreflectors.Ageadoutel-
ementsPMTswith a sensitve areaof typically half theend
areaof thetubeareused.UsingshortWinstontypelight con-
centratorof thesame3M foil onecaneconomis@nthesize
of the PMTsandalsoimprove on thetime spreadby reject-
ing large anglephotonpathsat the expenseof somesignal
loss.

Relatively cheapPMTs canbe used. As considerabldime
dispersionof the photonflux developsalongthe tube one
is limited in ratewhich is neverthelessstill mary ordersof
magnitudeabovethe CRflux. For goodsignalprocessinghe
PMT signalhasto beintegrated.In ourtestswe usedchage
sensitve preampsandshapingamps(r ~ 50nsec)developed
for thephotodiodaeadoubf crystaly calorimetersTheuse
of suchsecondanamplificationallows for afew stagePMT
operatingat mediumhigh voltageandlarge dynamicrange
(>80 dB) without PMT saturationeffects. The final signal
processingindtriggergenerations not subjectof this paper;

asit follows standardmethods,no further informationwill
begiven.

As tubescommercialwater tubesmadeof polyethylene
(PVC...)canbeused.Usingstandardendfittings the mount-
ing of thewindows, supplylinesetc. makesproductionvery
simpleandcosteffective. For optimalperformanceit would
be betterto usea square(rectangular)profile comparedo
thereadily availableroundonebut alsosquaretubescanbe
found commercially (Thereis a small buoyang/ problem
with the foil that hasa slightly lower specificweight than
water This causesnoreinstallationproblemswhenlining
squaretubes).For filling, we usedfilteredtapwater(in case
of very long tubesdistilled water shouldbe superior). As
WLS mary fluorescentlyescanbe used,for exampledyes
usedfor optical brightenersn washingpowder, white paper
etc. Thesedyesarenon-poisonousnassproduceddissole
easilyin waterandhave a quantumefficiency (QE) closeto
100%.Fig. 3 shavstheabsorptiorandemissiorcurve of our
testedWLS, the absorptioncut-off of water the reflectivity
of the3M foil VM 2000andthe QE of a standard®MT with
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Fig. 3. Someessentiabpticalparametersf theactive element.

Bialkali photocathode.

Calibrationsand monitoringof the tubeswill be performed
by i) LED pulsersji) by chagepulsesinjectedat theinputs
of the chage sensitve preampsandiii) by cosmicmuons
(2000/sec/20n tube). LEDs areeitherblueones(< A > =

428 nmor < A > =470nm) or Nichia UV-LEDs (< A >

= 370nm) exciting the nearbyWLS. Someproblemsmight
occurduringsubzerdemperatures winter, requiringeither
external heatingor replacingthe water by a water alcohol
mixture,respectrely theadmixtureof saltin thewater

3 Expected performance

In the spectralrange between250 and 400 nm a total of
270 photons/cnpathlengthare generatedby a 8 ~ travers-
ing chaged particle. For a WLS (Basacid)of ~ 95% QE
andatotal pathlengthof 30 cm about2800photonsaregen-
eratedisotropically which are emittedbasically1/2:1/2in
the two directions. Due to waterabsorptiorandreflectiity
losses,about5% (on average)will reacheachPMT. For a
typical meanPMT QE of 15% one expectsa signal of 20
photoelectrongor the mostdistantparticles,i.e., even the
signalof a singlemuonis visible. If the detectortubeis ex-
tendedo 40 m thanthe signalfrom a singlemuonpassingat
thefar distancds barelyvisible. In calorimeterapplications
the expectedsignalfrom hadroniccomponent®f EAS will
be sufiiciently large. Coincidencesignalsfrom double-sided
readoutresultin avery high signalto noiserejectionevenin
caseof muons.

Two-dimensionateadouis neededo i) determinghec.o.g.

of the shawer, ii) solve ambiguitiesin caseof multiple sub-
shaversandiii) correctthesignalattenuatioralongthetube.
The shaver c.0.g. canbe determinedby 'current division’
or by timing differencesln both casesa resolutionof better
than2 m (enegy dependentshouldbe achiezable. To fully
exploit timing onehasto useconstanfractiondiscriminators
whichwouldresultin atimeresolutionof < 1/100f theshap-
ing time, i.e., < 5 nsec. In the caseof the ANI calorimeter
thefractionof active materialis around0.15,i.e.,arelatvely
goodenengy resolutionis expectedalthoughonly the shaver
tail canbe sampled.The performancewill be quitedifferent
if the top layeris locatedabove or below the top concrete
plate. ANI is basicallya'tailcatcher’calorimeteranda typi-
calenengy resolutionof 20%is expectedbasecon HEP data.
MC simulationsarepending.

A first costestimateshaws thata tube elementcanbe build
for $ 1500-2000(dominatecby the PMT price)for boththe
20 and40 m long units. A total of 900 (40 m version)re-
spectvely 1800tubesof 20 m lengthwould be neededor
the ANI calorimeter
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