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More information: 
“SiD ECal” - 26 June, 
9am Calorimetry Session
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Calorimeter Geometry
HCal

ECal

Scintillator sampling 
calorimeter
Steel/polystyrene

Solid state sampling 
calorimeter
Tungsten alloy/silicon
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Thin W layers
1.3 X0 x 10

Thin W layers
0.65 X0 x 20



KPiX Chip
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● 1.25 mm gap between 
tungsten layers
○ Minimize Molière radius 

(13 mm effective)
○ Keep calorimeter compact

● Tungsten plates thermal 
bridge to cooling on edge 

●  6 inch wafers
●  1024 13 mm2 pixels
●  KPiX readout and 

cable are 
bump-bonded 
directly to sensor

● Application in ECal 
and Si Tracker



KPiX Studies - Cross Talk
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SLAC Test Beam

PRELIMINARY

● Additional signal detected in pixels along trace of 
activated pixel (parasitic couplings)

● Should be reduced with updated ECal sensor model

Activated 
Pixel

Probe Tested Laser



KPiX Studies - Buffer Multiplicity
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• Forward multiplicity might be 
more than 4 buffer KPiX (current 
design) could handle
• Recent optimization studies 

indicate that 6 buffers will be 
adequate, taking into account 
all known processes.

• 6 buffers also improve fractional 
hit loss within detector at shower 
max and radially

• Must study KPiX to see if more 
buffers might be added while 
preserving architecture 
(preconceptional ideas only)

Arxiv: 1609.07816



DESY Test Beam
● ECal sensor bump bonded 

with KPiX  in DESY II 
synchrotron (e+e- up to 6 
GeV)

○ ASIC for use in Si Tracker and 
Si ECal

● Completed tests
○ Sensor reliability with pedestals 

and calibration
○ Measurement with Sr90 source
○ Measurement with test beam, 

integration with DESY cycle
● In anticipation of new tracker 

sensors with KPiX 7

Unsynchronized 
internal trigger

Unsynchronized 
external trigger

Internal trigger 
synchronized to 
beam



Second Generation ECal Sensor
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• Issues from 2013 detector prototype
• “Monster events” - huge 

number of pixels hit 
simultaneously, causing 
synchronous disturbances as 
pixels reset

• Bump bonding of KPiX ASIC 
and cable to Al pads is difficult

• New design mitigates these issues, 
and parasitic couplings

• Under Bump Metallization 
with Au pads and redesigned 
shielding 

• Awaiting rigorous testing

In present 
design, metal 2 
traces from 
pixels to pad 
array run over 
other pixels: 
parasitic 
capacitances 
cause crosstalk.

New scheme has 
“same” metal 2 
traces, but a 
fixed potential 
metal 1 trace 
shields the signal 
traces from the 
pixels.



Simulation Information
● Full detector simulation features full DD4HEP 

integration
○ Current version : SiD_o2_v02
○ Active work toward SiD_o3_v01
○ Features standard Digitization and Reconstruction processors

■ RealisticCaloDigiSilicon
■ RealisticCaloRecoSilicon

● Default ECal geometry driver features realistic 
geometry including overlapping module structure

○ Periodic structure - φ = 30o increments
○ Entire module, overlap region, thin overlap region
○ 30% of detector  coverage  has overlapped modules
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φ
φ=0
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Geometry Effects Con’t 
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φ=0

φ=-15

φ=15



Leakage into HCal
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φ=0

φ=-15

φ=15

100 GeV Photons

10 GeV Photons 



ECal Energy Resolution
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Determine ECal 
calibration constant using 
only ECal information to 
preserve the energy 
resolution

● Energy dependent 



Calibration Constant Formulation
Determine ECal calibration constant using only ECal information to preserve the 
energy resolution

 Ecalibrated  = aEmeasured+ bEleakage = Emeasured (a + bEn
measured )

● Energy dependent 
● Need different values for silicon layers that follow thin absorber and silicon that 

follows thick absorber
● Angle dependent 
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Leakage Studies
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● 5,000 photon-event 
runs at normal incidence

● Use theoretical shower 
development (gamma 
distribution) to estimate 
leakage

○ Fit to ECal
○ Extrapolate into HCal
○ Estimate leakage by 

integrating under HCal 
portion of curve

ECal  HCal

100 GeV



Leakage Studies, Cont’d
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HCal Hits / Initial Energy
Calculated Leakage / Measured Energy

Follow √x trend



½ Calibration Term 

a = 58.464 ± 0.204
b = 0.594 ± 0.303
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Ecalibrated  = aEmeasured+bEleakage = Emeasured (a + bE (1/2)
measured )

Simulated 
Energy 
[GeV]

Measured 
Charge [GeV]

Calibrated 
Charge [GeV]

1 0.01716 1.0047

2 0.03404 1.9940

5 0.08510 4.9903

10 0.17033 10.0002

20 0.33986 19.9876

50 0.84755 50.0155

100 1.6889 100.0431



½ Calibration Term Compensates for Leakage
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Absolute calibration error / energy resolution

 ~2% of 23%/√E



Event-by-Event Leakage Correction
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● Each event fit 
independently with gamma 
distribution

● Leakage calculated for each 
event by integrating under 
HCal region

● Extrapolated leakage added 
back into total shower 
energy

○ Typically, larger mean and 
smaller width of collection 

Uncorrected for Leakage
Corrected for Leakage



Summary
● A second generation ECal sensor has been developed to address “monster 

events” and cross talk, but awaits rigorous testing
● SiD ECal is fully integrated into the actively-developing full SiD simulation 

with appropriate geometry
● ECal geometry with overlapping modules creates physically significant effects
● Calibration must be energy- and angle-dependent

○ Leakage is energy and angle-dependent
○ Calibration can compensate for leakage with “½ term”
○ Angle dependence still must be factored in
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Backup
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DESY Test Beam - The KPiX Test Setup
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DESY Test Beam - The DESY Testbeam Facility

22



DESY Test Beam - DESY II Synchornisation
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DESY Test Beam
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