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Abstract

The calibrationchainof the HEC is described.A model
basedon detailedstudiesof all individual parts is pre-
sented.Thecharacteristicsof the steeringanddatataking
systemfor both the test-beamrunsandfor theacceptance
testsof the HEC modulesis summarized.Thecalibration
and signal reconstructionprocedureis developedand re-
sultsof thetest-beamdataarepresented.

1 INTRODUCTION

Thecalibrationof theelectronicschainshould

- equalizethegainsandimprove thepossibleresponse
nonlinearitiesof all channels,sinceany imperfection
will resultin anincreaseof theconstanttermin thejet
energy resolution[1];

- keeptrackof timing stability andprovide thecorrec-
tionsin caseof exceedingpredefinedlevel;

- ensurethe transferof energy calibrationresultsfrom
the test beamsetupto the real data taking environ-
ment.

The principle of the electroniccalibration systemfor
the hadronicend-capcalorimeterin ATLAS closely fol-
lows the oneusedby end-capEM calorimeter. The cali-
brationpulserdevelopedin Košicewastestedduring test-
beamswith prototypemodulesandmodule-0of HEC dur-
ing 1997-1998.It wasprovedthatpulserfulfill all require-
ments,but becauseof unificationof front-endelectronics
for all liquid argoncalorimetersin ATLAS, thedecisionof
implementingthe unified calibrationboard[4] wastaken.
Thereforein all test-beamsin the 1999-2000yearsthis
boardwasusedandall resultspresentedherearefrom this
tests.

2 CALIBRATION

Thedetailedstudiesof theinfluenceof thecalibrationaccu-
racy on thejet energy resolution- oneof themaintasksof
theHEC calorimeter- weremade[1] aswell. It turnedout
that imperfectionsof the electronicsare propagatedonly
to the constantterm of the jet energy resolutionformula.
Therefore,to reduceaninfluenceof thecalibrationsystem
to a tolerablelevel, its accuracy mustbe betterthan1 %.
This requirementis approximatelyfour timeslessstringent

thanthatfor theEM calorimeter. On theotherhandthere-
quirementsfor measuringmuonsforcethecalibrationsys-
tem to be ableto work in the extremelylow signalregion
also.

2.1 General Layout

Longitudinallythereadoutcellsof theHECcalorimeterare
combinedinto four sectionsin ratios8:16:8:8(Fig. 1). A
HECcalorimeterreadoutcell consistsof two detectorpads
(EST structures??). Eachsignal from an energy deposit
in a readoutcell is amplifiedby thepreamplifierconnected
to it. 8 preamplifiersare combinedinto one MPI GaAs
HEC chip. The signalsof 4 or 8 preamplifiersresp. in
one longitudinal sectionare summedup by a ”summing
amplifier”, forming thesignalof thereadoutchannel.
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Figure1: Layoutof ATLAS HEC module

Thevoltagepulseof onegeneratoris sentthroughhigh-
quality 50 Ohmscoaxial cableto the strip line boardlo-
catedcloseto the detectorpadsTo reducethe numberof
cables,onegeneratorsignalis splittedto threeon thecali-
brationdistribution board(CDB) at thebackplaneof each
module. Theneachof thesethreesignalspulsesup to 32
readoutcells (16 preamplifiers)through the correspond-
ing calibrationresistorssimultaneously. Sucha calibration
schemeis sensitive to the attenuationof the signal in the
cables.Thestrip line boardis mountedparallelto thebeam
directioninto the notchbetweentwo neighboringlongitu-
dinal sectionsin pseudorapidity.

In addition this solution requiresvery gooduniformity
of thecalibrationsignaldistribution to the individual cali-
brationresistors.Specialstudiesweredevotedto thistopic,
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Figure2: Electronicchainusedin ATLAS HEC test-beams

which resultedinto a designof a calibrationstrip line ter-
minatedby anadjustedterminationresistor. Theresulting
inhomogeneityover the whole length of one strip line is
lessthan0.4%.

2.2 Electronics chain

In orderto meetall requirementsandto understandthebe-
havior of the full electronicschain, the specialmeasure-
ments,as well assimulationswasperformed. The basic
elementsof the chain(Fig. 2) arecalibrationpulser, split-
ting CDB, strip-line with calibration resistors,preampli-
fiers,preshapers,shapers,ADC’sandof coursevariousca-
bles. All cablesarefinal ATLAS lengthandtype, so the
chainusedis very closeto the final which will beusedin
ATLAS.

Theparametersfoundfor variouspartof chainareused
in the parameterizationof responsefunction (seesection
Reconstruction).The signalsform anddynamicrangeis
sketchedon Fig. 3

3 STEERING AND DATA TAKING

Thesetupfor steeringanddatatakingusedduringtestsin
H6 beamin NorthAreaconsistfrom two computers,VME
steeringandDAQ modulesandcalibrationboard(Fig. 4).

The computersare VME basedRAID 8235 computer
andEP-LX v.1.3 operatingsystem,usedasVME master
for steeringall VME basedmodulesandthe VME based
HP 9000/743computer, usedfor datastoringandmonitor-
ing tasks.TheOrsayversionof theCalibrationBoardhas
big formatfor FE crate,holds128generatorsandcommu-
nication is donevia VME basedSPAC module. Service
Module(SM) is VME basedclockserverandsynchroniza-
tion module. It takesthe external trigger requests(either
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Figure4: Calibrationsetupin ATLAS HEC test-beams

particle or calibration)and optionally synchronizesthem
with theclock. Theoutputsignalsare

$ theStartandStopsignalsleadingto theTDC module
for triggertiming measurement

$ thecalibrationandFADC clock signals

$ theFADC stopsignal.

The phasebetweenthe trigger and clock signal, used
only during calibrationrunningin asynchronousmode,is
measuredby TDC module.

The software developedfor test beamusageevolved
from old TGT[7] calibrationsteeringto the presentver-
sion runningunderEP-LX real time Unix cloneandHP-
UX operatingsystems.On Fig. 5 is sketchedthesoftware
skeleton.Thedescriptionof variousmodulesfollows.
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The basic software module is the calibration steering
shell,calledcalsh. Themaincalsh tasksare:$ the interactive accessto the hardware modulesvia

commandline interface
$ to storethe measuredcalibrationdataeither in local

file or sendthemout via TCP/IPconnection
$ the interpretationof the commandsreceived from

monitoring tasksi.e. performingrequiredmeasure-
mentsandsendingtheresultsback

Calsh cooperateswith the readout part of DAQ li-
brary andwith the caltp andcaltpmon modules,basedon
CALTCPNetwork Programmer’sLibrary [9].

The purposeof caltp moduleis to transformthe mea-
sureddatainto network formatand,usingtheTCP/IPcon-
nection,transferthemto any machinewherethecaltpd dae-
monis running.Thecaltpd daemonis simpletask,receiv-
ing the datastreamfrom the network, transformingit to
local formatandstoringit asbinaryfile.

Another possibility is to drive the calibration runs re-
motelyvia network, which is usedcurrentlyby monitoring
programs.

The calmon module is ROOT based[10] monitoring
module,whichcontrolsthebasicparametersof electronics
(pedestal,noiseandsignallevel,comparesthosewith refer-
encevalues,andallow interactively inspectvariousviews
on the system. The moduleis usinggraphicaluserinter-
faceandis basedonObject-Orientedtechnologies.Calmon
usetheservicesof caltpmon moduleto communicatewith
calsh andto get backthe measureddata. Calmon version
which usetheX-windowsGUI, socalledXcalmon is used
for perdaycontrolof thesystemduringthedata-taking.

There exist also the extendedbatch version of moni-
toring program,which wasusedin 1998for three-month
monitoringof coldelectronicsto meettherequirementsfor
PRR[8]. Thebatchversionis without userinterface,run-
ning autonomously, collecting the data,performingbasic
analysis(shapefitting, gain computation)andstoring the
resultsin database.

The conceptof calibrationsteeringis to be a shell-like
environment, to allow practically any type of measure-
ments,which areneededin the time of settingup andde-
bugging the electronics. The most typical measurements
arelistedhere.



$ continuouslypulsingwith definedsignal level, with-
out read-out,for oscilloscopemeasurements

$ noisemeasurementwith switchingoff thecalibration
generatorsand readingthe software generated”ran-
domtriggers”

$ signal time position finding by varying the delay of
calibrationpulseandread-outtiming

$ cable-checkwith pulsingin sequenceoneby oneall
thecalibrationgenerators,looking for thesignalin all
channels,andcomparingwith cablingdatabase

$ quick signalcheckpulsingall thechannelswith con-
stantpulselevel

$ signalshapemeasurementby performingdelay-scan
with fine delayingof calibrationpulsethrough25 ns
samplingtime

$ gain and nonlinearity measurementpulsing all the
channelswith differentpulselevels

$ cross-talkmeasurementsby pulsingoneor few gener-
atorsandreadingall theneighboringchannels

4 RECONSTRUCTION

Becausethe optimal filtering (OF) methodfor amplitude
reconstruction[5] is assumedto be used in ATLAS, a
knowledgeof particlesignalwaveform is required. In or-
der to be able to usemeasuredcalibrationwaveform for
obtainingparticlesignalwaveform,we have chosento pa-
rameterizetheimpulseresponseof theread-outsystem.

The first choice,usedfor 1998data,wasbasedon the
responsefunction, expressedas the sumof ”elementary”
poles[6].
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That time our knoledgeof the electronicschain was not
preciseenough,sothecalibrationresponsewasfitted with
freeparameters> 9 . With ZR[ =8 thesufficientaccuracy has
beenachieved. The problemwith this parametrizationis
that the free parametershave no physicalmeaningand it
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which after symbolic InverseLaplaceTransformleadsto
unreasonablylong expressionin time domain. Thereare
two possiblesimplifications: (i) to calculatecoefficients

> 9 numericallyfrom function2 and(ii) to simplify expres-
sion2 to somereasonablelevel andusecompleteanalytical
expressionin time domain. For the analysisof data1999
the secondapproachwasused. The simplified versionof
function2 is:
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with freeparametersV w and VPo fitted in time domainon
calib. data. Resultsof fitting the calibrationsignals,with
theresidualareonFig. 6. Werestrictedthefitting regionto
theinterval where5 samplesfor theOF arelocated.
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Figure6: Resultsof calibrationsignalfit by function4

The main problemsstill remainat the signalbeginning
andundershootregion, becauseof not taking into account
the effectsof X-talk andstill not fully describedeffect of
cables. Neverthelessthe quality of shapefit is sufficient
to producethe optimal filter coefficientsboth for calibra-
tion andparticlesignalsshape.Thecalibrationrampfitted,
togetherwith fit residual,is on theFig. 7

Wesee,thatthelargestresidual, andstill themainprob-
lem in the HEC calibrationis the low signalsregion. Un-
fortunately, this is theregion wherethemuonsignalis ex-
pected,soit will bethemaintaskin thenearfutureto im-
provethedescriptionandcorrectanalysisof low signals.

The first improvement,which is now work out, will be
thedevelopingof new procedureto obtaintheparticlesig-
nal shape“directly” from calibrationshape,avoiding fit-
ting, which will be presentedon the CALOR2000 con-
ference.The secondimprovementplannedis the detailed
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Figure7: Exampleof calibrationrampsfitting

studyof low signalsfrom calibrationpulserandits appro-
priatedescription.
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But thepresentcalibrationprocedureis working for the
electronswell (seeFig. 8, trianglesare calibratedampli-
tudes),andfor pionssufficiently. The effect of X-talk to
signalshapeis shown on theFig. 9, whereshapewhenall
generatorsareworking simultaneously(thereis thesignal
in all readoutchannels)is comparedwith the shapewhen
only onegeneratoris working (thereis no signalin neigh-
boringchannels).

5 SUMMARY

The varioustestsof the full calibrationchain for the AT-
LAS HEC wasperformedduring lastyearsbothon site in
theH6 cryostatandin lab. anddescriptionof all partswas
found.Basicallythesystemis well understood.

The procedureto obtain the particlesignal shapefrom
the calibrationone,basedon fitting the databy simplified
versionof responsefunction(4)andto computetheoptimal
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Figure9: X-talk influenceon thesignalshape

filter coefficients,wassettedup. The resultsof test-beam
dataanalysisshows,thatprocedureis workingfor electrons
andpionswell.

The improvementof this procedureis foreseen,mainly
for the low signalsreconstructionprocedure,new method
for computingtheparticleshape“directly” from calibration
oneimplementation,andX-talk effectstakinginto account.
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