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Outline:Outline:

 Ecal CodeEcal Code
 Cosmic calibrationCosmic calibration
 Full energy electron (FEE) calibrationFull energy electron (FEE) calibration

 Calibration OverviewCalibration Overview
 EnergyEnergy
 TimingTiming

 Energy Resolution and Edge EffectsEnergy Resolution and Edge Effects
 FEE data from Pass 2FEE data from Pass 2
 Simulation for edge correctionsSimulation for edge corrections
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Cosmic codeCosmic code
https://github.com/hszumila/HPS_Calibrationhttps://github.com/hszumila/HPS_Calibration

 40 hours min. for gains40 hours min. for gains
 Geometric cuts based on surrounding crystalsGeometric cuts based on surrounding crystals
 Threshold in raw ADC spectra, integrated signalThreshold in raw ADC spectra, integrated signal
 Sufficient for the trigger and first beamSufficient for the trigger and first beam

 Future work:Future work:
 Pulse fitting (reduce data-taking?)Pulse fitting (reduce data-taking?)
 Implement in hps-java (add PMTs)Implement in hps-java (add PMTs)
 Track fittingTrack fitting

https://github.com/hszumila/HPS_Calibration
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FEE codeFEE code

 Simulation first!Simulation first!
 FEE skim dataFEE skim data
 Fit peaks offline:Fit peaks offline:

 Run reconstruction on skim:Run reconstruction on skim:
 IterateGainFactorDriver reads in coefficients and multiplies IterateGainFactorDriver reads in coefficients and multiplies 

hit energyhit energy

 Cluster new hit energiesCluster new hit energies
 FEEClusterPlotter plots FEE FEEClusterPlotter plots FEE 

peak per crystalpeak per crystal
 Fitting is done offline in ROOTFitting is done offline in ROOT

ci=
MC E peak

dataE peak

hitnew=c×hitold
σ=0.0304GeV
μ=0.88GeVCrystal 

(-5,3)

MC Cluster Energy (GeV)
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FEE codeFEE code

 Each iteration, improve gain coefficient:Each iteration, improve gain coefficient:

 Re-run reconstruction until Re-run reconstruction until 

c=c1×c2×c3

ci=1±0.01
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Energy calibration (more details later in this talk)Energy calibration (more details later in this talk)
HPS Analysis note coming soon!
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Energy calibrationEnergy calibration

366 Calibrated crystals within 
1%

Diff rel to cosmic gains

Pass 2 Gains compared to Cosmics
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Timing calibrationTiming calibration

 HPS Note 2015-011 HPS Note 2015-011 
 Fit RF signal Fit RF signal 
 Hit time and RF timeHit time and RF time
 Time between two clustersTime between two clusters
 Timing within a clusterTiming within a cluster
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Timing calibrationTiming calibration

 HPS Note 2015-011 HPS Note 2015-011 
 Fit RF signal Fit RF signal 
 Hit time and RF timeHit time and RF time
 Time between two clustersTime between two clusters
 Timing within a clusterTiming within a cluster

Two cluster time resolution ~ 550 psTwo cluster time resolution ~ 550 ps
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FEE Track-Matched ClustersFEE Track-Matched Clusters

 Pass 2 FEE skim Pass 2 FEE skim 
 FSParticles CollectionFSParticles Collection
 e- trackse- tracks
 GBL TracksGBL Tracks
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FEE Track-Matched ClustersFEE Track-Matched Clusters

 Pass 2 FEE skim Pass 2 FEE skim 
 FSParticles CollectionFSParticles Collection
 e- trackse- tracks
 GBL TracksGBL Tracks
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FEE Track-Matched ClustersFEE Track-Matched Clusters
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Fiducial Sampling Fraction from SimulationFiducial Sampling Fraction from Simulation

p0
x

+
p1

√x
+ p2

We know the Sampling Fraction is energy dependent.

What happens at the edges?
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FEE Track-Matched ClustersFEE Track-Matched Clusters

Look at sampling fraction for regions of x as a function of y position:
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MC Sampling Fraction (excludes region above e- hole)MC Sampling Fraction (excludes region above e- hole)

4%

6.5%

From MC, we expect an edge cut at ~4 mm

(For 1 GeV electrons)
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Data Sampling Fraction (excludes region above e- hole)-Top Data Sampling Fraction (excludes region above e- hole)-Top 

4%

6.5%

(Corrected Cluster Energy)

8mm from beam 
edge, E res matches 
P res (SVT)

20 mm 40 mm 80 mm 90 mm
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Data Sampling Fraction (excludes region above e- hole)-Bot Data Sampling Fraction (excludes region above e- hole)-Bot 

4%

6.5%

(Corrected Cluster Energy)

8mm from beam 
edge, E res matches 
P res (SVT)

-20 mm-40 mm-80 mm-90 mm
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FEE Track-Matched ClustersFEE Track-Matched Clusters
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Sampling Fraction (region above e- hole)-TopSampling Fraction (region above e- hole)-Top

4%

6.5%

Bottom of Layer 2 top 
crystal
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Sampling Fraction (region above e- hole)-TopSampling Fraction (region above e- hole)-Top

4%

6.5%
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Sampling Fraction (region above e- hole)-TopSampling Fraction (region above e- hole)-Top

4%

6.5%
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Sampling Fraction (region above e- hole)-BottomSampling Fraction (region above e- hole)-Bottom

4%

6.5%

Top of Layer -2 crystal
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Edge Sampling Fraction CorrectionsEdge Sampling Fraction Corrections

 Energy dependenceEnergy dependence
 P0 and P1 parameters change very little with respect to yP0 and P1 parameters change very little with respect to y
 Fit p2 parameter as a function of yFit p2 parameter as a function of y

Slice in y

S
am

pl
in

g 
F

ra
ct
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n

Cluster Energy [GeV]

Ec

Etruth

=
P0
Ec

+
P1

√Ec

+P2( y )
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Edge Sampling Fraction CorrectionsEdge Sampling Fraction Corrections

 Energy dependenceEnergy dependence
 P0 and P1 parameters change very little with respect to yP0 and P1 parameters change very little with respect to y
 Fit P2 parameter as a function of yFit P2 parameter as a function of y

Ec

Etruth

=
P0
Ec

+
P1

√Ec

+P2( y )

Central-Top

Position in y [mm]

Sides-Top

P2=
p0
y

+
p1

√ y
+p2 P2=

p0
y

+
p1

√ y
+p2

P2=C P2=C



2
5

Energy Resolution in EcalEnergy Resolution in Ecal

σ
/E

 [
%

]

For FEE electrons, we expected 3.6%, but we measure 4.1%
How does this scale with energy?
How does the SVT scale with energy (MC scattering effects)? 

Ecal, FEE
SVT, FEE

M
ol

le
rs
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Possible Resolution EffectsPossible Resolution Effects
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Simulated
Pre-amp noise higher than sim
Crystal spacing higher than sim

Cluster Energy [GeV]



2
7

Conclusions and Future WorkConclusions and Future Work

 Sampling fraction corrections from simulationSampling fraction corrections from simulation
 Re-do with surveyed Ecal geometryRe-do with surveyed Ecal geometry
 Check resolution with crystal gapsCheck resolution with crystal gaps

 Ecal energy can supplement SVT momentumEcal energy can supplement SVT momentum
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