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OutlineOutline
• Full-detector simulation:

– LCDG4 
– LCDMokka

• Test beam prototype simulation:
– TBMokka

• Plans
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FullFull--detector sim: LCDG4detector sim: LCDG4
• A Geant4-based simulator for the LC detector 
• Supports American SD and LD geometries

– Only simplistic geometries for now: 
cylinders, projective segmentation (non-proj. in spl. fork)

– No provision for support structures, cracks etc.
• I/O:

– MC event input: binary StdHEP
– Detector geometry: XML (run-time specification)
– Hits output: SIO, ASCII  (LCIO coming soon)

• Some nice features:
– Hits linked to MC particles
– Elaborate evolution tracking & status code for MC particles (in B field)
– Energy deposited in passive materials available

• Code availability: CVS repositories at NICADD and SLAC
• Documentation: http://nicadd.niu.edu/~jeremy/lcdg4/lcdg4.html
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Processing speedProcessing speed
(2.4 GHz CPU + 1 GB memory)
• Single particles:

• Physics processes (min/evt) 
– Z to X @ 91 GeV: 0.65 
– tt to X @ 350 GeV:  2.28 
– ZH to Xbb @ 500 GeV: 2.89
– WW to qqbb @ 500 GeV: 2.97
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LCDMokkaLCDMokka
• Another Geant4-based simulation framework for LCD
• Adapted from standard (Tesla) Mokka
• I/O:

– MC event input: ASCII StdHEP
– Detector geometry: XML (in addition to Mokka’s MySQL)
– Hits output: LCIO, ASCII  

• Code availability: from SLAC/DESY/NICADD (by 
request)

• Documentation: 
http://polywww.in2p3.fr/geant4/tesla/mokka/mokka.html
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Comparison: LCDG4 vs. LCDMokkaComparison: LCDG4 vs. LCDMokka
Geant4 version 5.2
SDJan03 geometry
(cylindrical layers with virtual cells)

Physics list from Mokka v1.05
Range cut of  0.1mm
Identical I/O formats (binary stdhep input, text 
output) implemented into both simulators
Same events processed in both detector simulators  
single particles: 50 GeV e±, µ±, π±, θ = 90°, flat in φ
Same materials in sub-detectors
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Energy deposition in ECal layersEnergy deposition in ECal layers
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Energy deposition in ECal cellsEnergy deposition in ECal cells
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Energy deposition in HCalEnergy deposition in HCal
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Energy deposition in HCal cellsEnergy deposition in HCal cells
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Number of hits per cal layerNumber of hits per cal layer
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Dependence of nDependence of nhitshits on thresholdon threshold
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Some sample event displays:Some sample event displays:
e+e− → Z → µ+µ- (SDJan03)
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Some sample event displays:Some sample event displays:
e+e− → Z → qq (SDJan03)
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Some sample event displays:Some sample event displays:
e+e− → tt (SDJan03)
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Results:Results:
• Two independent GEANT4-based 

implementations are in good agreement
• LCDG4 somewhat faster than LCDMokka, but 

more limited in choice of geometries.
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TestTest--beam prototype sim: TBMokkabeam prototype sim: TBMokka
• NICADD-DESY joint 

venture for CALICE 
TB program

• 1 cm x 1 cm virtual 
cells for HCal & TC

• A few early samples 
produced

• Still in testing and 
development stage

ECal (Si-W)

HCal

Tailcatcher
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TBMokka GeometryTBMokka Geometry Tailcatcher

ECal HCal

12 x 12 6 x 6 3 x 3

6
11

10

15

10 cm x 1.5 m strips
16 layers, 1.5 m x 1.5 m

15

1 cm x 1 cm cells
30 layers, 1 m x 1 m

num cells / side

cell dimensions (cm)

39 layers
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TBMokka geometry databaseTBMokka geometry database
TBhcal02
hcal_virt

n_layers

ncell_x

ncell_z

grid_size

y_place

layer_thickness

poly_thickness

steel_thickness

air_gap

steel_cassette_thickness

foil_thickness

pbc_thickness

cablefibre_mix_thickness

HCal Sublayer Thickness (mm) 

Polystyrene 5
Steel 16
Air 1
Steel Cassette 2
Foil 1
PCB 1
Cablefibre Mix 1

ECal Sublayer Thickness (mm) 

Tungsten 2.5
G10 0.5
Silicon 0.4
Copper 1
Air 0.6
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TBMokka: number of hitsTBMokka: number of hits



Dhiman Chakraborty LC detector simulation in America 21

Sample event displays with a separate Sample event displays with a separate 
standstand--alone G4alone G4--based simulatorbased simulator

2 GeV π+ 50 GeV π+
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PlansPlans
• Current SD & LD geometries available in LCDG4
• Next version: merge with Mokka?

– Combine best features
– Support more realistic geometries

• Common description for sim, calib, alignment, reconstrcution?
• Need revision of database structure

– Post-processor to convert G4 hits to raw data format
• Gang virtual cells into physical volumes
• Hooks for modeling sensor characteristics, noise, cross-talk, 

detector non-uniformities, …

• Visualization, metadata archival, …
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