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1. Introduction

The goldenchannelstudiedwith a neutrinofactoryis the obseration of the v,, appearance
within the ve of the beam,but this measurementeaves unsohed the intrinsic degenerag. An
experimentableto measurehe ve — v; oscillationwould beableto solve this degenerag, andthis
is calledthesilver channel of the neutrinofactory[1].

The OPERAexperiment2] aimsatdiscwing thev; appearance the CNGS(CernNeutrino
to GranSasso),, beam.v; areidentifiedthroughtheir chagedcurrentinteractionusingthe very
precisereconstructiorof the T decaytopologythatis provided by the emulsiontechnology

To accumulatehe necessanstatistics,the OPERA tamget needsto be at the kiloton scale.
In the past, ECCwasmanufctured thereforeanimportantR&D programhasbeencarriedoutto
produceghemwith industrialprocessesT his give to the OPERAcollaborationa uniqueexperience
of av; detectiontechniquehatcanbeadaptedor thesilver channel.

The OPERAexperimentwill be presentedn this paper First we describethe detectorsthen
we presenthe mostimportantchallengeof the experimentandin the last section,we conclude
andsummarizehe expectedresultsof OPERA.

2. The OPERA detector

OPERAhasbeenbuilt in theHall C of theGranSassaindegroundlaboratoryat732km from
CERN.It standsbellow 1400m of rock (which areequialentto 3500m of water). It is anhybrid
detectorromposeaf a 1.35kt lead/emulsionamet,andanelectronicdetector OPERAIs divided
in two identicalsupermodules,eachonemadeof onescintillatortracker, which containsalsothe
taigetandonespectrometerA seriesof automatednicroscopesocatedin thevariouslaboratories
of thecollaborationcompletethe apparatus.

2.1 The Emulsion Cloud Chamber

The coreof OPERAarethe EmulsionCloud ChambergECC) hereaftercalledbricks. They
arebasicunits capableto detecta v; chagedcurrentinteraction[3]. An ECCis asandwichmade
of 56 leadplates,1 mm thick, and57 emulsionfilms, sizing 128x 102x 79 mm?, andweighting
8.3 kg. The OPERA(films have two emulsionlayers(44um thick) on aplasticbase(205um thick).

A v; thatinteractsby chaged currentinside a lead plate producesa 1 that travels typically
1 mm beforedecayingn leptonicor semi-leptonicchannelsThen,thevery precisereconstruction
of theeventtopologywith theemulsionsallowsidentifyingthev; interaction.If the t decaysnside
the leadplatewhereit asbeenproducedjt will beidentifiedby theimpactparameterinstead,if
the t traversesone or more emulsionfilms, it will be identified by the kink angle betweenthe
parentandthe decayproducts.The backgrounccomesfrom the decayof charmedoarticles(since
they decaywith a comparabledecaylength,andin similar topologicalchannels)the large angle
scatteringof muonsandfrom hadroninteractions.

Onthedownstreanfaceof eachbrick, a separatédox containing2 emulsionfilms is attached.
They will bescannedirstin orderto confirmthe presencef the eventpredictednsidethebrick.

Thebricksareinsertednsidewalls (L x H=6.72 x 7.33m?) in thedetector Thereare31 walls
persupermodule.
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2.2 The€ectronic detectors

The ECCis a standalonedetectomwith notrigger Electronicdetectorsarethereforerequired
to trigger on an interactionandto locatethe brick hit by a neutrino. The electronicdetectoris
composef onescintrillatortracker andonespectrometepersupermodule.

2.2.1 TheTarget Tracker

TheTametTracker (TT) generateshetriggerandperformsthetrackreconstructionthebrick
localizationanda calorimetricmeasurementf the eventshawer.

Thereis oneplaneof vertical scintillator stripsandone planeof horizontalstripsbehindeach
taget wall. The strips arereadout by wavelengthshifting fiber connectedat both sideto a 64
channel[HamamatsiH7546 PMT. The scintillator stripsare6.86 mlong and1 cm thick, andthey
have awidth of 2.5 cm[4]. Thevariationof thegainfrom channeto channein suchPMTsrequires
areadout chip with anadjustablegainfor the pre-amplifier[3.

Thealignmentof thetagetcomponents animportantpoint, knowing thatfor seismicsafety
all thebrick wallsandTT planesarehangto the main structure.An additionaleffect comesfrom
the deformationinducedby the weightof thebricks (28t /wall). For thesereasonsimneasurements
have beenperformedafterthe constructionof the apparatusising a theodolite,in orderto know
thetrue geometryof the detectorat the millimeter level.

The track reconstructionis performedwith a cellular automatonrmethodand the tracksare
fitted usinga Kalmanfilter.

2.2.2 The spectrometers

The OPERA spectrometersire built arounddipolar magnetg6]. Eachmagnetconsistsof
two arms,madeof 12 slabsof iron (5 cm thick and 8.2 m high) connectedy two returnyokes
surroundedy a coil in which flows 1600A.

Iron slabsare spacediy 2 cm gaphousingRPC.They participatewith the Target Tracker to
thereconstructiorof thetrack of the penetratingoarticlesandto the calorimetricmeasuremernf
the hadronicshaver[7]. The measuremertf the deflectionis provided by six groupsof 8 mlong
drift tubes[8], that provide a spatialresolutionof about300um. Two groupsof drift tubesare
positionedin front of the spectrometertwo betweerthe armsof the magnetandtwo behindthe
spectrometer

The OPERA spectrometeallows momentummeasuremenivith a resolutionof about15%
anda chageidentificationwith anefficiengy betterthan99%, upto 20 GeV muons.

2.3 Themicroscopes

The emulsionfilms are read out by two types of automaticmicroscope,one developedin
Japarandonein Europe[9. TheJapanessystemis basedon avery fastCCD cameraeadout by
adedicatectlectronic,while the Europearsystemis built usinga CMOS cameraandcommercial
componentsn a software-basedramewnork. The microscopescanthe emulsionfilms on their
entire surface,and by moving the focal distanceto measurehe track at differentdepths. This
allows reconstructinglirectly at the datataking level a 3D vector with very high accurag (about
2 umin positionand2 mrad in angle).
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3. The Construction Challenges

They are 154 750 bricks in the OPERA detectorand one of the mostimportanttechnical
challengesf the experimentis to be ableto handlethem, from constructionto analysis. Many
pointshadto beaddressedoroductionandinsertionin OPERA,extractionanddevelopmenif the
brick hit by a neutrino,andscanningof thesebricks. Therefore this sectionmay turnsout to be
instructie for future OPERA-like detectordor silver channektudies.

3.1 Thebrick production

Thespecification®f thebricksareverytightin orderto fit themanywhereinsidethedetector
anda reasonablespeedhasto be maintainedto producethe 150 000 bricks of OPERA.A fully
automatednachinehasbeendesignedcalledthe Brick AssemblyMachine(BAM).

The brick component$iave beenselectedwith care. The leadwaschosenwith a low radio-
actity (< 20 a/cn?/day and < 100 3 /cn?/day), anda PbCa(0.03%) alloy wasemplo/ed be-
causepureleadis too softto belaminatedandcut precisely

8.8 millions of emulsionfilms have beenproducedor OPERA.A dedicatednassproduction
chainhasbeenbuilt by the FUJI Compaly for the pouringof thegelonthe plastichase whichwas
traditionally madeby hand.

Emulsionis a delicatedetectorthat hasto be kept away from light andas muchaspossible
from cosmicrays(they integratethetracksof all chagedparticlesby whichthey aretraversed).For
thesereasonsthe BAM hasbeeninstalledinsideoneof the gallery of the undegroundlaboratory
in Gran Sassoandpart of the productionchainis in a black room, which in additionmustbe a
cleanroom,to avoid the depositionof dustinsidethe bricks.

Thechainis composeaf 5 groupsof 2 robotswith anthropomorphiarms.Theseobotsarein
chage of the piling (onefor thelead,onefor the emulsion).Oncethe pile is finished,the pressure
is maintainedoy analuminumstructure andat last, ananthropomorphicobot doesthe wrapping
of thebrick with anadheste aluminumtapeto grantlight tightness.Thelasttasksof theBAM are
to labelthe brick with barcodesandto adda box containingthe CS. The maindifficulties during
the commissioningcamefrom theleadstickinessandfrom the bendingof the emulsionfilms and
their stickiness.

Theproductionof all the OPERADbrick took aboutoneyearanda half.

3.2 TheBrick Manipulating System

Oncethebrick arebuilt, they areinsertedn thedetectortargetwalls by two dedicatedobots,
calledtheBrick ManipulatingSystem(BMS). This systemis alsoin chage of removing the bricks
containinga neutrinointeractionduringthedatatackingperiod. Thereis onerobotalongeachside
of thedetector

For insertion,the robotis placedin front of a row with the bricks. A dravbridgeis usedto
transferthebricksto thetray. They areinsertedasatrain,thelastbrick beingpushedy ajack,and
pushingthe otherinsidethetray. For the extraction,a smallvehicleequippedwith a suckinggrip
is ableto enterthe detectorandto remove the brick oneby oneuntil the onedesireds reached.



Experience From OPERA Antoine Cazespn behalfof the OPERAcollaboration

4. Running of the experiment

Theautomatisatiowf theexperimenthasbeemapermanentoncern Neverthelesstherunning
of OPERArequiresanimportantmanpower. In additionof the runningof a "usual"high enegy
physicselectronicdetectorOPERAhhasto handleabout30 bricksperday Thecompleteprocesso
finaly obtainaneventis thefollowing: thebrick is extractedandexposedo X-Rayto alignthetwo
emulsionfilms forming the CSwith thebrick. Then,the CSareremored, developedandscanned.
If the CSscanningconfirmsthe presencef aneventinsidethebrick, theemulsionfilms insidethe
brick aremarked againby X-Ray, andthebrick is transportedutsidethe undegroundlaboratory
for aoneday cosmicexposurefor precisealignment.Finally, the brick is openanddeveloped,and
theemulsionfilms aresentto the scannindaboratoriesvherethey will beanalysedIf theCSdoes
not confirmthe presencef theevent,anen CSboxis fixedto thebrick, whichis reinsertedn the
detectorandthe procesgestartwith the next probablepredictedorick.

5. Expected results and conclusion

With thenominalintensityof the CNGS(4.5 10*°pot /year), therewill be 10.4 v, obseredin
the OPERAdetectorin 5 yearsof datataking, andfor Am3; = 2.5 10-2 ev2, andit cango up to
14.9 eventsif Am3; = 3 10 3 ev2. Thebackgroudwill beof 0.7 event,thatareduefor onehalf to
charmdecay andfor the otherhalf for large muonscatteringor hadroninteraction.

The OPERAexperimentreceved its first beamfor physicsduring a few weeksin 2007 and
the first eventshave beenscannecandanalysed10]. SinceJuly 2008,the tamgetsarefilled, and
OPERAis takingdatawith successBricks areextractedevery day they aredevelopedandscanned
in thevariousscanningdaboratoriesThe OPERAcollaboratioralreadyprovedthatit waspossible
to build a large emulsiondetectoy andis proving day after day that it is possibleto handleit,
justifing the choicemadefor thetechnology Now physicsis coming...
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