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Introductionto Experiment

SLAC B-Factory

BABAR Detector

� Asymmetricenergy:
9.0GeV e�

3.1GeV e+

� Total energy:
10.58GeV �
� (4S) resonance

� B +B � and B 0B 0

pairs to study
CP violation
and manyother
things

SLAC-PUB-8569, NIM A479, 1 (2002)
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ElectromagneticCalorimeter(EMC)

� CsI(Tl) crystals
� high light yield (50,000
 / MeV)
� long decay time (940ns)

� 16 to 17.5 radiation lengths

� 6580crystalspointing
closeto interaction point

� Photo diodesand pre-ampli�er
attachedto back of crystal
(� 7,300photo-e� =MeV)

� 10-bit ADC + two rangebits =) 18-bit dynamicrange

� Measuringphotonsfrom 20MeV to 8GeV

� � E =E = 2:3%= 4
p

E(GeV)� 1:35%
� � = � � = 4:16mrad=

p
E(GeV) SLAC-PUB-10170
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Crystalarrangement
(barrel & endcap)

� !

Inside
barrel !

Crystalscombinedinto
7� 3 (or 6� 3) modules

Final barrel !
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Performanceof Hardware

� Quite stableoperation:

� out of 6580crystals,only onecrystal completelydead
currently four more dead,but might be recovered

� 14 more crystalsuseonly oneof two diodes

� somemore crystalsbad in oneenergyrange,e.g. at low energy

� from time to time ADC board noisy:
in worst casemaskingout until next access

� Electronicsregularly calibrated:

� measuringpedestals

� known charge injected into pre-ampli�ers and readout
to measuregain and linearity
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Calibrationsof IndividualCrystals

Basics

� Crystalshaveindividual responseto energydeposit
(overall light yield di�erencesand non-uniformities)

� Light yield decreasesdue to radiation damage

� Two absoluteenergycalibrations:
� liquid sourcecalibration at low energy
� Bhabhacalibration at high energy

� At intermediateenergiesinterpolation linear in logE

Liquid SourceSystem

� Neutron generator surroundedby Fluorinert (FC77)

� 19F + n ! 16N + �
16N (T1=2=7 seconds)decays to 16O + 6.13MeV 


� Pipe systemtransports radioactiveliquid past front of crystals

� Detection of 
 with regular DAQ system
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with �t

Relative drop in light yield
versustime

� Calibration � oncea month to � 0:5% (syst. uncertainty 0.1%)

� Stableturn-key operation

yellow = times without beams

SLAC-PUB-10289, IEEE Trans. Nucl. Sci., 51, 1596 (2004)
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BhabhaCalibration

� Absoluteenergycalibration with e+ e� ! e+ e� at crystal energies
of 2.5 to 8GeV (depending on polar angledue to boost)

� Requiringmost crystalsto have> 200 direct hits
=) 0.35%statistical error for eachcrystal

systematicerror < 1%

� Run o�-line up to
oncea month

� Calibration will soon
be automated

� Changein constants
similar as changein
sourcecalibration
constants
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ClusterCalibrations

Necessary sincenot all energycapturedinsidecrystals

ClusterCalibration with � 0 (up to 2GeV)

� Correct to photon energiesbasedon � 0 masspeak

� Correctionstypically
6 to 8%

� Currently testing
an improvedversion
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ClusterCalibration above2GeV

� Finding factors for calibration to single-photonMonte Carlo

� Applying samecorrection factors to data

� Soon usinge+ e� ! ��
 eventsfor calibration
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RecentImprovementsin Software

Positionof ClusterInsideCrystals

� Depth of cluster insidecrystal at 12.5cm
before: clustercenterprojectedto

front of crystal

=) improvementin matching
clustersand tracks

old position

new position

� � in rad
= di�erence in � angle of

of cluster position and
point wheretrack
intersectswith calorimeter

track-match e�ciency
vs. e� momentum
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EdgeCorrection

� If photon hits closeto edge
betweentwo crystals,
up to � 3% of energy
is lost in gaps

� Dependenceon � position of crystal

� Module symmetryin � :
� -dependencefolded to
just three \crystals"

ring number

row number
ar

bi
tr

a
ry

un
its

� E (= measuredB energy
minus known beam energy)

 Monte Carlo B + ! K � + 
 :
FWHM/2.36 = (45:1 � 0:7) MeV w/out edge corr.
FWHM/2.36 = (42:0 � 0:6) MeV with edge corr.

=) � E resolution improved
by 7% in this case

w/out
edge
corr.

with
edge
corr.
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AdditionalStudiesandFuture Goals

� Many modesto study performanceof EMC, e.g.,
� e+ e� ! ��
 events
� radiativeBhabhase+ e� ! e+ e� 

� e+ e� ! 
 

� D � 0 ! D 0
 : E
 � 100� 400MeV
� � 0 ! �
 : E
 � 50 � 250MeV

� New clustercalibration will soon be implemented

� Bhabhacalibration will soon be automated

Conclusion

� BABAR EMC operation stable,performancevery good

� Radiationdamagemeasuredand calibrated out

� Enhancementsmadeto reconstructioncode

� Tweakingcalibrations to improveanalyses
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