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Manqi

PFA Oriented Gaseous Calorimeter
& its digitization: G2CD 
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Digitization, what is it?

● Two steps of the simulation

– Geant4 – Mokka: energy deposition in sensitive volume 

● ~MeV/mm in solid
● Nature unit of energy deposition: MIP

– Digitization: estimate the electronic response from the energy 
deposition

● Digitizer 

– Indispensable component of full simulation

– Should include/model all the important response of detector: 
efficiency, fluctuation, noise, pedestal, …

– Request profound understanding of the physics/mechanism of 
detection
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Content

● Introduction to Glass RPC Digital Hadron calorimeter 

– PFA oriented, gaseous calorimeter for the ILC

– RPC & it's characteristics

– RPC performance: measurement at Test Beam & modeling at the 
Digitizer

● G2CD Digitization, an simple example of reconstruction
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PFA Oriented Calorimeter
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Jet resolution & PFA

Particle Flow Algorithm:

Measure jet particles in 
different sub detector!

Charged Particle – Tracker: 
Δp/(p*p) ~ 2E-5 (1/GeV)

Photon – ECAL: 
ΔE/sqrt(E) ~ 15%

Neutron Hadron – HCAL:
ΔE/sqrt(E) ~ 50%

Given a perfect detector with no confusion: 

Di-jet mass for WWvv & ZZvv @ 500GeV  
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The worst enemy: confusion
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● PFA: less confusion ~ good separation ~ high granularity
Granularity > Energy Resolution for the Calorimetry...

      ( exception: 4th concept with dual readout HCAL )

● PFA Oriented detector ( both have ILC/CLIC Versions ): 
– ILD ( European + Asia, International Large Detector ): TPC ( + Silicon inner 

detectors ) tracking with B = 3.5T
– SiD ( US, Silicon Detector ): Silicon tracking with B = 4T 

PFA Oriented LC detectors

ILD SID
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High granularity Calorimetry

eg: ECAL Prototype, 
10k channels in a cube 
of 18 cm side ~ 1/8 of 

CMS ECAL

Scintillator AHCAL with 3 * 3 cm cell @ DESY

2 GRPC Digital HCAL with 1 * 1 cm cell: SDHCAL @ IPNL et al 
DHCAL @ Fermi Lab
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Calorimeter R&D for ILD

Ultra high granularity ~ 1 channel cm-3. 3d, 4d or 5d image... 

11
DHCAL SDHCALAHCALSi-W ECAL
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Gas Vs Scintillator
Gas: High granularity ( 1*1 cm ) @ low cost To compare:

Sensor layer in Scintillator 
AHCAL. Cell size: 3*3 cm, 6*6 

cm & 12 * 12 cm 

● Gaseous detector: 
– RPC: High efficiency, homogeneous, low cost, robust...
– Huge fluctuation on induced charge: Semi-digital ( channel 

coded on 2 bits )
– Free of neutron hits
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Neutron hits

Hit Colour: EM (blue), Neutron (yellow) or hadronic (red)
● AHCAL: Shower centre surrounded by lots of low energy 

neutron hits
● Needs carefully analysis: Confusion & Energy resolution

40GeV Pion @ AHCAL with/without 0.1 mip cut

40GeV Pion @ DHCAL
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Modeling of GRPC Performance
& development of G2CD
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 Avalanche @ gaseous detector

● Once one charged particle sailing though the RPC:

– Efficiency: chance to create a hit (~ Induced charge > Threshold)

– Multiplicity: number of hits in one lighted layer ~ number of cells with 
Induced charge > Threshold

● Typical value ~ 1.4 – 1.8 at GRPC, ~ 1.1 at MicroMegas
● Charge Image scale ~ 1mm (depending on resistive plates thickness)

– Both can be measured at Test Beam
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Measurement of efficiency and 
multiplicity

Efficiency and Multiplicity of the 48-layer GRPC prototype measured at CERN
Test beam data: using MIP event 
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Efficiency & Multiplicity: from
the P.o.V of induced charge

Multiplicity hits: hits where no charged particle hit on it directly
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Resolve the induced charge spectrum 
from efficiency-threshold scan

Induced Charge spectrum can also be measured from Analogy readout: 
However, bias might be induced since the readout system is different from digital...

MircoMegas 
Test Beam

Measurement
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To characterize the avalanche

● Charge image at the anode

– Total induced charge: measured from the eff-threshold scan
● Polya function with only 2 parameters

– Spatial distribution of the charge: measured from the 
multiplicity-position dependence

● Summarized into a numeric table
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How many mips - avalanches can 
there be?

● Charge image ~ 1 mm2

– To 1st order, MIPs separated with 
distance > 1mm should be 
independent

– MIPs hits too close should be 
regarded as only one hit, since 
the discharge process is 
saturated 
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Key Idea

Keep simulation level information to 1mm cells: count corresponding 
number of hits in/nearby each Digitized cell

Accumulate the induced charge in each Digitized cell
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Key Idea

– Advantages: 
● Natural cut off: 1mm ~ size of charge image 

– Self Saturation & easy to integrate other saturation effects
● Reliable estimation of multiplicity
● Samples: available for other analysis ( optimized cell size, fractal 

dimensional analysis...)

– Cost: 
● Machine time: the same 
● Data size: increased ~ 5% ( ParticleCont recorded & Nhits increased 

by 2 – 3 times, Test on 20GeV Klong sample with only PRC HCAL & 
B Field: )

● Negligible at full detector event: Utilize as Simulation base line
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Count 1mm hits inside  
( neighbour to ) 10mm cell...

Digitized hit colour to charge: ~ 
1.5 - 1.6pC/mip 
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Simu & Digi hits

Left: simulation level ( 1 mm cell: size zoned by 5 for display. Colour: EM, MIP or Neutron hit ) 
Right: Digitization level ( 10mm cell. Colour according to Charge) 
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Comparison with the test beam 
measurement
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Comparison with the test beam 
measurement

Reproduced efficiency, multiplicity for of MIP event for MicroMegas & GRPC

Reproduced number of hits for pion event at GRPC
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Now, let's have a look at the 
Kitchen...
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G2CD

● Short code ~ 650 lines of source code

● Standard Marlin module

– Compiled with Cmake tools 

– Called as Marlin Dynamic Linked Library

● Function:

– Input: Simulated Calorimeter Hits (SimuCalorimeterHit)
● ECAL: 5 mm cell
● HCAL: 1 mm cell

– Output: Digitized Calorimeter Hits (CalorimeterHit)
● ECAL: scale the energy deposition by an Calibration constant
● HCAL: calculate the induced charge at real cell 
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G2CD: steering
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G2CD: Header

Calling IMPL/*.h

To create new collections and write into lcio file
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ECAL Digitization
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HCAL Digitization: More complex

● Read each 1mm cell:

– Generate a random number according to the Polya function 

● According to its position, calculate the charge partition in current cell 
and 3 neighboring cells 

● For each digitized cell, accumulate all the charge in its area
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HCAL Digitized Hit
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Summary

● Gaseous sensor + ultra high granular digital readout is a promising 
technology for the PFA orientated detector

● Digitizer is the indispensable part of full detector simulation, which request 
profound understanding of physics processes at detection

● G2CD, use simple modeling of avalanche charge image, provide a common 
Digitization tool for gaseous detector

– Tested on both MicroMegas and GRPC

– Include 4 parameter sets according to different TB

● Reconstruction, in some sense, is to read lcio informations and to write new 
collections into the same file: use IMPL classes in LCIO
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