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Abstract. We reporton our studiesof applyingnovel detec-
tor technologiesdevelopedfor LHC-eraexperimentsto cos-
mic raydetection.In particular, weareinvestigatingusageof
scintillating tiles with embeddedwavelength-shiftingfibers
andavalanchephotodiodereadoutaspart of a robust, inex-
pensivecosmicair showerdetector. In thenearfuture,weare
planningto deploy detectorstationsbasedonthis technology
at areahigh schoolsandcollegesaspartof anoutreachand
educationeffort, known asSCROD.

1 Introduction

The projectwe describehere,known asSCROD for School
Cosmic Ray OutreachDetector, is basedon a idea which
is simple but hasgreatpotential: install cosmicray detec-
torssuitablefor continuousmuoncountinganddetectionof
building-sized(or larger)extensiveair showersin highschools
andrelaycollecteddatavia theinternetto acentralrepository
whichis accessibleto all participatingschools.Theprinciple
aimof theprojectis education,but thereis potentialfor con-
tribution to cosmicray physicsaswell. Involving students
in a projectmakingreal measurementsin a living field ap-
pearsto be more likely to sparkan interestin physicsthan
the usualritual of repeatingcenturyold experimentswhose
conclusionsareforegone.A numberof groupsarepursuing
similar programs(CROP, CHICOS,ALTA, WALTA) 1 using
variousapproachesandrecycling equipmentto variousde-
grees.Herewe discussour approachandthe currentstatus
of thework.

Correspondence to: J.Swain (john.swain@cern.ch)
1Relevantwebpagesare:

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

Therearea numberof topicswhich canbe addressedwith
an arrayof detectorsof the type we areproposing,ranging
from searchesfor long-rangecorrelationsamongair showers
(perhapstheprimarygoal)to othertopicsin astrophysics.

Our pilot phasewill take placein Boston,which, with its
densepopulationof schools,is naturallyconducive to a rea-
sonablygranulardetector. In this phase,therefore,SCROD
will functionsomewhatlikeearlierexperimentssuchasAGASA
andCASA, samplingtheshower front with scintillators.

Dependingon what the highestenergy cosmicraysactu-
ally are, it is conceivablethat thereexist long-rangecorre-
lationsamongthe air showers they produce. Either obser-
vation or non-observationof suchcorrelationswould be an
importantresultwhich cannotreadilybeobtainedexceptby
geographicallyextensiveexperiments.

Severalprocessescouldgiveriseto very long-rangecorre-
lations.Oneis theGerasimova-Zatsepin(GZ) effect (Gerasi-
movaandZatsepin,1960;Medina-TancoandWatson,1999;
Epele,MollerachandRoulet,1999),in which a high energy
atomicnucleusapproachesthe earthand dissociateson an
opticalphotonfrom thesun.The(two or more)nuclearfrag-
mentscanthenreachtheearthat distantlocations,but close
togetherin time. Sincethecompositionof high energy cos-
mic raysis unknown, andits determinationfrom singleex-
tensiveair showersis complicatedby sensitivities of observ-
ablesto detailsof the hadronicinteractionmodelchosen,it
wouldbeinterestingto searchfor suchevents.

In theGZ effect, thedistanceby which nuclearfragments
areseparateduponarrival at the earthdependson their de-
flection in the magneticfield of the solar system. Recent
analysis(Medina-TancoandWatson,1999) for iron nuclei
hasindicatedthatvery largeseparationsareto beexpected.
For iron nucleiwith energy around1 EeV, for example,most
separationswll bein excessof 100km. Clearly, extensivede-
tectorsarerequiredto observe suchevents. Figure1 shows
roughlytheexpectedratefor variousseparations(seetheap-
pendixfor moredetail).
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Fig. 1. Expectedratesversusenergy for correlatedeventsdue to
iron nuclei disintegrating on solarphotons. This figure is for the
caseof eventsarriving from a directioncloseto thesun. Thethree
lines show approximateratescharacteristicof the separationsat-
tainablein different geographicalareas(the Bostonarea,the en-
tire stateof Massachusetts,andaseparationof roughlythedistance
from Bostonto Chicago.)

Therearealsootherconceivablemechanismsto producea
similareffect. Forexamplehighlyenergeticdustgrainscould
dissociateand give rise to widely-separatedshowers (An-
chordoqui, 2000).Onemightalsoconceiveof dramaticcos-
mic eventsthat may alsopepperthe globewith many high
energy cosmicraysall ataboutthesametime. With theGPS
timing information,it will bepossibleto compareandcorre-
latedatatakenwith SCROD with thosetakenatneutrinoand
gravitationalradiationdetectors.Finally wenotethatthereis
alreadysomesuggestionof experimentalevidencefor long
rangecorrelationsin theliterature(Wadaet al., 1999;Carrel
andMartin, 1993).

The primary backgroundfor genuinelong-rangecorrela-
tionswill arisefromrandomcoincidencesof low energyshow-
ers. This canbe controlledby detectorspacing,which ef-
fectively setsanenergy threshold,andpossiblypulse-height
analysisof thescintillatorsignals.

3 Education Goals

The goal is that students,underthe advisementof profes-
sionalphysicistsand their teachers,will be responsiblefor
theday-to-dayrunningof theexperiment,for thedataanal-
ysisandsearchfor time correlations,andwill in somecases
deviseuniqueprojectsusingtheir station. We arealsocon-
sulting with areateachersto begin developingways to use
theapparatusto catalyzerelatedclassroomactivities. At the

currentprototypephase,we areinvolving a few high school
studentsandbeginningundergraduatesdirectly in thedevel-
opmentefforts. Aside from its value to the students,this
helpsus to ascertainwhich aspectsof the projectwill have
to bekneadedinto a morepedagogicallyusableform.

4 Detector Description

Thehardwareproposedfor thedetectorsitesconsistsof the
following main components:1) a set of plastic scintillat-
ing tiles with wavelength-shiftingfibers; 2) avalanchepho-
todiodesto readout the fibers; 3) a GPS-basedsystemto
time-stampthe signals;4) a personalcomputer(PC) for lo-
caldataacquisitionand5) theInternetto provideaninexpen-
sive wide-areadataacquisitionsystem.A singlestationwill
beequippedwith 3–5separatescintillators,arrangedon the
schoolrooftop. We plan to procurenew detectorequipment
(scintillatorsand fibers) while recycling computers,which
otherwisewould bethesinglemostexpensivecomponentof
the system.In this way we candeliver a quality detectorat
reasonablecost.

4.1 ScintillatingTileswith APD Readout

The scintillator we use is adaptedfrom technologydevel-
opedfor theLHC-b pad/preshowerdetector(LHC-b Collab.
, 1998),andcomprisesa

���������
cm plasticscintillatorslab

with two circulargroovesmachinedin it. Threewavelength–
shiftingfibers(BicronBCF-91)areembeddedin thegrooves,
1 in the inner grove, 2 in the outer, to shift the scintillation
light into thesensitive regionof thereadoutapparatusandto
serve asa light guide. Theschemeis illustratedin Figure2.
The entire assemblyis wrappedin white Tyvek 2 paperto
increaselight collectionefficiency.
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Fig. 2. Schematicrepresentationsof scintillatorswith embedded
wavelength-shiftingfibers.

To readout the fibers, we usean avalanchephotodiode
(APD). APDs are essentiallyphotodiodeswith an internal
gainmechanism.They canhave high quantumefficiencies,
exceedingthoseof photomultipliertubes.They arealsome-
chanically robust (Baccaro,et al., 1999; Musienko, et al.,

2Tyvek is a trademarkof DuPont.
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2000;Marler, etal.,2000)andeasyto use,requiringasupply
of only a few hundredvolts, a current-limitingresistor, and
a preamplifier. Furthermore,they requireonly a few hun-
drednanoamperesof currentto function;anapparatuswhich
presentsnorisk of electricshockis attractivefor deployment
at schools.

Using a low-noise amplifier we have designedtogether
with thescintillator-fiber-APD assemblyyieldsa very clean
signal,asshown in Figure3.
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Fig. 3. Signaldueto singlemuonspassingthroughthescintillator
usingAPD readout.

4.2 GPSTimestampandDataAcquisition

In thecurrentprototypeversion,theamplifiersignalispassed
througha discriminatorto generatea TTL pulse,which is
usedto latchthetimeof eachhit. Thetime is broadcastfrom
a centralboardcomprisedof two setsof counters,one of
which recordsthenumberof pulsesdeliveredby theGPSre-
ceiver’s 1 pulseper second(1PPS)line, while the other is
clocked by an on-board100 MHz oscillatorandreseteach
secondby the 1PPSline. The timing resolutionofferedby
the fastrising edgeof the 1PPSsignalis about40 ns. Each
scintillatorhasits own timelatchingcircuitry whichconverts
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 principleany other
pieceof hardwarewhich recordsdatathat shouldbe times-
tamped.Thebasicschemeis illustratedin Figure4.

This designalsoallows for very simpleelectronics.Our
prototypeswereconstructedby first-yearundergraduatestu-
dentsusingquiteinexpensiveoff-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
broadcaststhe time count,usingthe1PPSsignalfrom theGPSre-
ceiver to staysynchronizedto universaltime. TheInterfaceBoards
latchthetimeuponreceiptof asignalfrom ascintillator, thenrelay
it to thecomputer.

softwaretrigger; all hits arestoredin their respective serial
portsandaccessedby readerprogramsrunningasseparate
threadson the PC.A triggeringmodulecanaccessthe data
from the different threadsandapply trigger logic. This al-
lows studentsto develop their own triggeringschemesin a
very easymanner, andit alsowill facilitatefuture upgrades
anduniformity amongall thestations.Changingthetrigger
will only entail uploadinga new pieceof code, insteadof
alteringthehardwareat numeroussites.

5 Summary

Weareadaptingdetectortechnologiesfrom ourwork onLHC
experimentsto developinexpensivecosmicair showerdetec-
tors suitablefor deploymentat high schools. The primary
goal is to intereststudentsin physicsby involving themdi-
rectly in a project which has the potential to make some
meaningfulmeasurements.The essentialingredientshave
beendesignedandtested(partly by students)andconstruc-
tion of a stationfor deploymentis underway.

Appendix A

Therateof occurrenceof thesekind of eventsis givenby the
cosmicray flux, thefragmentationprobability, andthefrac-
tion of GZ eventswith separationdistance$&%'$�(*),+ , -/.103254 .
Therateof eventsabove a givenenergy 6 for a surfacede-
tectorof area7 andsolid angle 8 reads,9;:/<,=�> 6;?A@CBC6EDGFIH > 6;?J@KBL6EDNM�OQP > 6EDA- . 03254R7S8UT (A1)

where MWVYXOQP > 6ZDUF\[ �A]_^a` [ �A]3b is the fragmentationproba-
bility, and

H > 6 ?A@ Bc6EDdFcegf h*i =kj6mlonqpNr ] nQsWt ]vuxw t ]vu T (A2)

is themeasuredcosmicray flux abovetheknee( 6;?A@yB �S�[ � uz^ eV).
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