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Abstract. We reporton our studiesof applyingnovel detec-
tor technologieslevelopedfor LHC-eraexperimentso cos-
mic ray detection.In particulay we areinvestigatingusageof

scintillating tiles with embeddedvavelength-shiftingfibers
andavalanchephotodiodereadoutas part of a robust, inex-

pensve cosmicair shaverdetector In thenearfuture,weare
planningto deploy detectoistationsbasednthistechnology
at areahigh schoolsandcollegesaspart of anoutreachand
educatioreffort, known asSCROD.

1 Introduction

The projectwe describehere,known as SCROD for School
Cosmic Ray OutreachDetector is basedon a idea which
is simple but hasgreatpotential: install cosmicray detec-
tors suitablefor continuousmuoncountinganddetectionof
building-sized(or larger)extensieair shaversin highschools
andrelaycollecteddataviatheinternetto acentralrepository
whichis accessibl¢o all participatingschools.Theprinciple
aim of the projectis educationput thereis potentialfor con-
tribution to cosmicray physicsaswell. Involving students
in a projectmaking real measurements a living field ap-
pearsto be morelikely to sparkaninterestin physicsthan
the usualritual of repeatingcenturyold experimentswvhose
conclusionsareforegone. A numberof groupsarepursuing
similar programgCROP, CHICOS,ALTA, WALTA) * using
variousapproachesindregycling equipmentto variousde-
grees. Herewe discussour approachandthe currentstatus
of thework.

Correspondence to: J. Swain (john.swain@cern.ch)
'Relevantwebpagesare:
http://www.unl.edu/physics/crop.html
http://www.chicos.caltech.edu/
http://csr.phys.ualberta.ca/ alta/
http://www.phys.washington.edu/” walta/
http://www.hep.physics.neu.edu/scrod/

2 Physics Potential

Thereare a numberof topics which canbe addressedvith
anarray of detectorsof the type we are proposing,ranging
from searchefor long-rangecorrelationsamongair shavers
(perhapghe primary goal)to othertopicsin astrophysics.

Our pilot phasewill take placein Boston,which, with its
densepopulationof schools,is naturallyconducveto area-
sonablygranulardetector In this phase therefore, SCROD
will functionsomevhatlik e earlierexperimentsuchasAGASA
andCASA, samplingthe shawer front with scintillators.

Dependingon whatthe highestenegy cosmicraysactu-
ally are, it is concevablethat thereexist long-rangecorre-
lations amongthe air shoversthey produce. Either obser
vation or non-obseration of suchcorrelationswould be an
importantresultwhich cannotreadily be obtainedexceptby
geographicallyextensie experiments.

Severalprocessesouldgiveriseto verylong-rangecorre-
lations.Oneis the Gerasimoa-Zatsepif{GZ) effect (Gerasi-
movaandZatsepin,1960;Medina-TancoandWatson,1999;
Epele,MollerachandRoulet,1999),in which a high enegy
atomic nucleusapproacheshe earthand dissociateson an
opticalphotonfrom the sun. The (two or more)nuclearfrag-
mentscanthenreachthe earthat distantlocations,but close
togetherin time. Sincethe compositionof high enegy cos-
mic raysis unknown, andits determinatiorfrom single ex-
tensie air shaversis complicatedby sensitvities of observ-
ablesto detailsof the hadronicinteractionmodelchosenit
would beinterestingto searchfor suchevents.

In the GZ effect, the distanceby which nuclearfragments
areseparatediponarrival at the earthdepend=on their de-
flection in the magneticfield of the solar system. Recent
analysis(Medina-Tancoand Watson,1999) for iron nuclei
hasindicatedthat very large separationsireto be expected.
Foriron nucleiwith enegy aroundl EeV, for example,most
separationw/ll bein excesof 100km. Clearly, extensivede-
tectorsarerequiredto obsere suchevents. Figure 1 shavs
roughlythe expectedratefor variousseparationgseethe ap-
pendixfor moredetail).
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Fig. 1. Expectedratesversusenepy for correlatedeventsdueto

iron nuclei disintegrating on solar photons. This figure is for the
caseof eventsarriving from a directioncloseto the sun. The three
lines shav approximateratescharacteristicof the separationsat-

tainablein different geographicabreas(the Bostonarea,the en-
tire stateof Massachusettanda separatiorof roughlythedistance
from Bostonto Chicago.)

Therearealsootherconcevablemechanism$o producea
similareffect. For examplehighly enegeticdustgrainscould
dissociateand give rise to widely-separatedhowvers (An-
chordoqui, 2000). Onemightalsoconceve of dramaticcos-
mic eventsthat may also pepperthe globewith mary high
enegy cosmicraysall ataboutthesametime. With the GPS
timing information,it will be possibleto compareandcorre-
late datatakenwith SCROD with thosetakenatneutrinoand
gravitationalradiationdetectorsFinally we notethatthereis
alreadysomesuggestiorof experimentalevidencefor long
rangecorrelationdn theliterature(Wadaetal., 1999;Carrel
andMartin, 1993).

The primary backgroundor genuinelong-rangecorrela-
tionswill arisefrom randomcoincidencesf low enegy show-
ers. This canbe controlledby detectorspacing,which ef-
fectively setsanenegy threshold andpossiblypulse-height
analysisof the scintillatorsignals.

3 Education Goals

The goal is that students,underthe advisemenof profes-
sional physicistsand their teacherswill be responsibleor
the day-to-dayrunningof the experiment,for the dataanal-
ysisandsearchfor time correlationsandwill in somecases
devise uniqueprojectsusingtheir station. We arealsocon-
sulting with areateacherg¢o begin developingwaysto use
theapparatugo catalyzerelatedclassroonactiities. At the

currentprototypephase we areinvolving a few high school
studentsandbeginningundegraduateslirectly in the devel-
opmentefforts. Aside from its valueto the students,this
helpsusto ascertainvhich aspectf the projectwill have
to bekneadednto a morepedagogicallyusableform.

4 Detector Description

The hardware proposedor the detectorsitesconsistsof the
following main components:1) a set of plastic scintillat-
ing tiles with wavelength-shiftingfibers; 2) avalanchepho-
todiodesto readout the fibers; 3) a GPS-basedystemto
time-stampthe signals;4) a personacomputer(PC) for lo-
caldataacquisitionand5) thelnternetto provide aninexpen-
sive wide-areadataacquisitionsystem.A single stationwill

be equippedwith 3-5 separatescintillators,arrangedn the
schoolrooftop. We planto procurenew detectorequipmen
(scintillators and fibers) while recgycling computers which
otherwisewould be the singlemostexpensve componenbf
the system.In this way we candeliver a quality detectorat
reasonableost.

4.1 Scintillating Tiles with APD Readout

The scintillator we useis adaptedfrom technologydevel-
opedfor the LHC-b pad/preshaer detecto{LHC-b Collah
, 1998),andcomprisesa 30 x 30 cm plasticscintillator slab
with two circulargroovesmachinedn it. Threewavelength-
shiftingfibers(BicronBCF-91)areembeddedh thegrooves,
1in theinnergrove, 2 in the outer, to shift the scintillation
light into the sensitve region of thereadoutapparatugandto
sene asalight guide. The schemas illustratedin Figure2.
The entire assemblyis wrappedin white Tyvek ? paperto
increasdight collectionefficiency.
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Fig. 2. Schematicrepresentationsf scintillatorswith embedde:
wavelength-shiftindibers.

To readout the fibers, we use an avalanchephotodiode
(APD). APDs are essentiallyphotodiodeswith an internal
gain mechanism.They canhave high quantumefficiencies
exceedingthoseof photomultipliertubes.They arealsome-
chanicallyrobust (Baccaro,et al., 1999; Musienlo, et al.,

2Tyvek s atrademarlof DuPont.
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2000;Marler, etal.,2000)andeasyto use requiringasupply
of only a few hundredvolts, a current-limitingresistor and
a preamplifier Furthermorethey requireonly a few hun-
drednanoamperesf currentto function;anapparatusvhich
presentsiorisk of electricshockis attractive for deployment
atschools.

Using a low-noise amplifier we have designedtogether
with the scintillatorfiber-APD assemblyyields a very clean
signal,asshavnin Figure3.
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Fig. 3. Signaldueto singlemuonspassinghroughthe scintillator
usingAPD readout.

4.2 GPSTimestampandDataAcquisition

In thecurrentprototypeversion theamplifiersignalis passed
througha discriminatorto generatea TTL pulse,which is
usedto latchthetime of eachhit. Thetimeis broadcastrom
a centralboard comprisedof two setsof counters,one of
which recordghe numberof pulsesdeliveredby the GPSre-
ceiver's 1 pulseper second(1PPS)line, while the otheris
clocked by an on-board100 MHz oscillatorand reseteach
secondby the 1PPSline. Thetiming resolutionoffered by
the fastrising edgeof the 1PPSsignalis about40 ns. Each
scintillatorhasits own time latchingcircuitry which corverts
thetime to serialRS-232signalsandrelaysit to a serialport
in the computer;thereis one serial port for eachscintilla-
tor. This designis reasonablymodularso that a given site
caneasilyattachanotherscintillator, or in principleary other
pieceof hardwarewhich recordsdatathat shouldbe times-
tamped.Thebasicschemas illustratedin Figure4.

This designalsoallows for very simple electronics.Our
prototypeswvereconstructedy first-yearundegraduatestu-
dentsusingquiteinexpensve off-the-shelfcomponents.

To the extent possible,we are devising a purely offline
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Fig. 4. Readoutschemefor a SCROD station. The Time Board
broadcastshe time count,usingthe 1PPSsignalfrom the GPSre-
ceiverto staysynchronizedo universaltime. The InterfaceBoards
latchthetime uponreceiptof asignalfrom a scintillator, thenrelay
it to thecomputer

softwaretrigger; all hits are storedin their respectie serial
portsand accessedby readerprogramsrunning as separat
threadson the PC. A triggeringmodulecanaccesghe data
from the differentthreadsand apply trigger logic. This al-
lows studentgo develop their own triggeringschemesn a
very easymanner andit alsowill facilitate future upgrade:
anduniformity amongall the stations.Changingthe trigger
will only entail uploadinga new pieceof code,insteadof
alteringthe hardwareat numeroussites.

5 Summary

We areadaptingdetectotechnologie$rom ourwork onLHC
experimentgo developinexpensve cosmicair shaver detec-
tors suitablefor deploymentat high schools. The primary
goalis to intereststudentsn physicsby involving themdi-
rectly in a project which hasthe potentialto make some
meaningfulmeasurements.The essentialingredientshave
beendesignedandtested(partly by studentsyandconstruc:
tion of a stationfor deploymentis undervay.

Appendix A

Therateof occurrencef thesekind of eventsis givenby the
cosmicray flux, the fragmentatiorprobability, andthe frac-
tion of GZ eventswith separatiordistanced < dmax, fapqy-
Therate of eventsabove a givenenegy E for a surfacede-
tectorof areaS andsolid angle(? reads,

Rate(Ecr > E) ~ ®(Ecr > E)162(E) fdm.. SO, (A1)
wherents, (E) ~ 107% — 10~* is the fragmentatiorproba-
bility, and

EeV

2
®(Ecr > E) ~47 (T) km ™2 yr~tsrt, (A2)

is themeasureadosmicray flux abovetheknee(Ecg > 3 x
10'5 eV).
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