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1. Introduction

The goldenchannelstudiedwith a neutrinofactory is the observation of the νµ appearance
within the νe of the beam,but this measurementleaves unsolved the intrinsic degeneracy. An
experimentableto measuretheνe � ντ oscillationwouldbeableto solve thisdegeneracy, andthis
is calledthesilver channel of theneutrinofactory[1].

TheOPERAexperiment[2] aimsatdiscoving theντ appearancein theCNGS(CernNeutrino
to GranSasso)νµ beam.ντ areidentifiedthroughtheir chargedcurrentinteractionusingthevery
precisereconstructionof theτ decaytopologythatis providedby theemulsiontechnology.

To accumulatethe necessarystatistics,the OPERA target needsto be at the kiloton scale.
In thepast,ECCwasmanufactured,thereforeanimportantR&D programhasbeencarriedout to
producethemwith industrialprocesses.Thisgiveto theOPERAcollaborationauniqueexperience
of a ντ detectiontechniquethatcanbeadaptedfor thesilver channel.

TheOPERAexperimentwill bepresentedin this paper. First we describethedetectors,then
we presentthe mostimportantchallengesof theexperimentandin the last section,we conclude
andsummarizetheexpectedresultsof OPERA.

2. The OPERA detector

OPERAhasbeenbuilt in theHall C of theGranSassoundergroundlaboratory, at732km from
CERN.It standsbellow 1400m of rock (whichareequivalentto 3500m of water). It is anhybrid
detectorcomposedof a1� 35kt lead/emulsiontarget,andanelectronicdetector. OPERAis divided
in two identicalsuper-modules,eachonemadeof onescintillator tracker, which containsalsothe
targetandonespectrometer. A seriesof automatedmicroscopeslocatedin thevariouslaboratories
of thecollaborationcompletetheapparatus.

2.1 The Emulsion Cloud Chamber

Thecoreof OPERAaretheEmulsionCloudChambers(ECC)hereaftercalledbricks. They
arebasicunitscapableto detecta ντ chargedcurrentinteraction[3]. An ECCis a sandwichmade
of 56 leadplates,1 mm thick, and57 emulsionfilms, sizing128 � 102 � 79 mm3, andweighting
8� 3 kg. TheOPERAfilms have two emulsionlayers(44µm thick) onaplasticbase(205µm thick).

A ντ that interactsby chargedcurrentinsidea leadplateproducesa τ that travels typically
1 mm beforedecayingin leptonicor semi-leptonicchannels.Then,thevery precisereconstruction
of theeventtopologywith theemulsionsallowsidentifyingtheντ interaction.If theτ decaysinside
the leadplatewhereit asbeenproduced,it will be identifiedby the impactparameter. Instead,if
the τ traversesone or moreemulsionfilms, it will be identified by the kink anglebetweenthe
parentandthedecayproducts.Thebackgroundcomesfrom thedecayof charmedparticles(since
they decaywith a comparabledecaylength,andin similar topologicalchannels),the large angle
scatteringof muonsandfrom hadroninteractions.

On thedownstreamfaceof eachbrick, aseparateboxcontaining2 emulsionfilms is attached.
They will bescannedfirst in orderto confirmthepresenceof theeventpredictedinsidethebrick.

Thebricksareinsertedinsidewalls (L � H=6� 72 � 7� 33m2) in thedetector. Thereare31walls
persuper-module.
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2.2 The electronic detectors

TheECCis a standalonedetectorwith no trigger. Electronicdetectorsarethereforerequired
to trigger on an interactionand to locatethe brick hit by a neutrino. The electronicdetectoris
composedof onescintrillatortracker andonespectrometerpersuper-module.

2.2.1 The Target Tracker

TheTargetTracker (TT) generatesthetriggerandperformsthetrackreconstruction,thebrick
localizationandacalorimetricmeasurementof theeventshower.

Thereis oneplaneof verticalscintillatorstripsandoneplaneof horizontalstripsbehindeach
target wall. The strips are readout by wavelengthshifting fiber connectedat both side to a 64
channelHamamatsuH7546PMT. Thescintillatorstripsare6� 86 m long and1 cm thick, andthey
haveawidth of 2� 5 cm [4]. Thevariationof thegainfrom channelto channelin suchPMTsrequires
a readout chipwith anadjustablegainfor thepre-amplifier[5].

Thealignmentof thetargetcomponentis animportantpoint,knowing thatfor seismicsafety,
all thebrick walls andTT planesarehangto themainstructure.An additionaleffect comesfrom
thedeformationinducedby theweightof thebricks(28 t /wall). For thesereasons,measurements
have beenperformedafter the constructionof the apparatususinga theodolite,in orderto know
thetruegeometryof thedetectorat themillimeter level.

The track reconstructionis performedwith a cellular automatonmethodand the tracksare
fitted usingaKalmanfilter.

2.2.2 The spectrometers

The OPERA spectrometersare built arounddipolar magnets[6]. Eachmagnetconsistsof
two arms,madeof 12 slabsof iron (5 cm thick and8.2 m high) connectedby two returnyokes
surroundedby acoil in whichflows 1600A.

Iron slabsarespacedby 2 cm gaphousingRPC.They participatewith theTargetTracker to
thereconstructionof thetrackof thepenetratingparticlesandto thecalorimetricmeasurementof
thehadronicshower[7]. Themeasurementof thedeflectionis providedby six groupsof 8 m long
drift tubes[8], that provide a spatialresolutionof about300µm. Two groupsof drift tubesare
positionedin front of thespectrometer, two betweenthearmsof themagnet,andtwo behindthe
spectrometer.

The OPERAspectrometerallows momentummeasurementwith a resolutionof about15%
anda chargeidentificationwith anefficiency betterthan99%,up to 20 GeV muons.

2.3 The microscopes

The emulsionfilms are readout by two typesof automaticmicroscope,one developedin
Japanandonein Europe[9]. TheJapanesesystemis basedon avery fastCCD camerareadoutby
a dedicatedelectronic,while theEuropeansystemis built usinga CMOScameraandcommercial
componentsin a software-basedframework. The microscopesscanthe emulsionfilms on their
entiresurface,andby moving the focal distance,to measurethe track at differentdepths. This
allows reconstructingdirectly at thedatatakinglevel a 3D vector, with very high accuracy (about
2 µm in positionand2 mrad in angle).
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3. The Construction Challenges

They are 154 750 bricks in the OPERA detectorand one of the most important technical
challengesof the experimentis to be ableto handlethem, from constructionto analysis. Many
pointshadto beaddressed:productionandinsertionin OPERA,extractionanddevelopmentof the
brick hit by a neutrino,andscanningof thesebricks. Therefore,this sectionmay turnsout to be
instructive for futureOPERA-likedetectorsfor silver channelstudies.

3.1 The brick production

Thespecificationsof thebricksarevery tight in orderto fit themanywhereinsidethedetector,
anda reasonablespeedhasto be maintainedto producethe 150 000 bricks of OPERA.A fully
automatedmachinehasbeendesigned,calledtheBrick AssemblyMachine(BAM).

Thebrick componentshave beenselectedwith care. The leadwaschosenwith a low radio-
activity ( � 20 α

�
cm2 �

day and � 100β
�
cm2 �

day), anda PbCa(0� 03%) alloy wasemployedbe-
causepureleadis toosoft to belaminatedandcut precisely.

8� 8 millions of emulsionfilms have beenproducedfor OPERA.A dedicatedmassproduction
chainhasbeenbuilt by theFUJICompany for thepouringof thegelon theplasticbase,whichwas
traditionallymadeby hand.

Emulsionis a delicatedetectorthat hasto be kept away from light andasmuchaspossible
from cosmicrays(they integratethetracksof all chargedparticlesby whichthey aretraversed).For
thesereasons,theBAM hasbeeninstalledinsideoneof thegalleryof theundergroundlaboratory
in GranSasso,andpart of the productionchainis in a black room,which in additionmustbe a
cleanroom,to avoid thedepositionof dustinsidethebricks.

Thechainis composedof 5 groupsof 2 robotswith anthropomorphicarms.Theserobotsarein
chargeof thepiling (onefor thelead,onefor theemulsion).Oncethepile is finished,thepressure
is maintainedby analuminumstructure,andat last,ananthropomorphicrobotdoesthewrapping
of thebrick with anadhesive aluminumtapeto grantlight tightness.Thelasttasksof theBAM are
to label thebrick with barcodesandto adda box containingtheCS.Themaindifficultiesduring
thecommissioningcamefrom theleadstickiness,andfrom thebendingof theemulsionfilms and
their stickiness.

Theproductionof all theOPERAbrick tookaboutoneyearandahalf.

3.2 The Brick Manipulating System

Oncethebrick arebuilt, they areinsertedin thedetectortargetwallsby two dedicatedrobots,
calledtheBrick ManipulatingSystem(BMS). Thissystemis alsoin chargeof removing thebricks
containinganeutrinointeractionduringthedatatackingperiod.Thereis onerobotalongeachside
of thedetector.

For insertion,the robot is placedin front of a row with the bricks. A drawbridgeis usedto
transferthebricksto thetray. They areinsertedasatrain,thelastbrick beingpushedby ajack,and
pushingtheotherinsidethetray. For theextraction,a smallvehicleequippedwith a suckinggrip
is ableto enterthedetectorandto remove thebrick oneby oneuntil theonedesiredis reached.
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4. Running of the experiment

Theautomatisationof theexperimenthasbeenapermanentconcern.Nevertheless,therunning
of OPERArequiresan importantmanpower. In additionof therunningof a "usual"high energy
physicselectronicdetector, OPERAhasto handleabout30bricksperday. Thecompleteprocessto
finaly obtainaneventis thefollowing: thebrick is extractedandexposedto X-Rayto align thetwo
emulsionfilms forming theCSwith thebrick. Then,theCSareremoved,developedandscanned.
If theCSscanningconfirmsthepresenceof aneventinsidethebrick, theemulsionfilms insidethe
brick aremarkedagainby X-Ray, andthebrick is transportedoutsidetheundergroundlaboratory,
for aonedaycosmicexposurefor precisealignment.Finally, thebrick is openanddeveloped,and
theemulsionfilms aresentto thescanninglaboratorieswherethey will beanalysed.If theCSdoes
not confirmthepresenceof theevent,anew CSbox is fixedto thebrick, which is reinsertedin the
detector, andtheprocessrestartwith thenext probablepredictedbrick.

5. Expected results and conclusion

With thenominalintensityof theCNGS(4� 5 1019pot
�
year), therewill be10� 4 ντ observedin

theOPERAdetectorin 5 yearsof datataking,andfor ∆m2
23 � 2� 5 10	 3 eV 2, andit cango up to

14� 9 eventsif ∆m2
23 � 3 10	 3 eV 2. Thebackgroudwill beof 0� 7 event,thatareduefor onehalf to

charmdecay, andfor theotherhalf for largemuonscatteringor hadroninteraction.
The OPERAexperimentreceived its first beamfor physicsduring a few weeksin 2007and

the first eventshave beenscannedandanalysed[10]. SinceJuly 2008,the targetsarefilled, and
OPERAis takingdatawith success.Bricksareextractedeveryday, they aredevelopedandscanned
in thevariousscanninglaboratories.TheOPERAcollaborationalreadyprovedthatit waspossible
to build a large emulsiondetector, and is proving day after day that it is possibleto handleit,
justifing thechoicemadefor thetechnology. Now physicsis coming...
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