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Motivations
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Geant4 version Geant4 v10.4.2 Geant4 v11.2.2

Release date 2018 2024

Geant4 version used in JUNOSW is quite old (2018).
Lots of updates were made on hadronics and
electromagnetic physics processes

OBJECTIVE:
Perform comparisons and tests between versions
and locate any major discrepancies 



Comparison of Geant4 versions

Electron Simulation
Hadronic Simulation

Outline

Simulation / Data comparison

AmBe Calibration source
Selection cuts 
Comparison with Geant4 v11 simulations
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Geant4 version
comparison



Method

Matthieu LecocqMatthieu Lecocq page 5IRN - 13 June 2025

Built a small JUNO detector (10 m diameter sphere filled with LAB) using different Geant4
version:

Geant4 v10.4.2
Geant4 v11.2.2

Run a full simulation of different types of particles at the center of the sphere and look at basic
distributions: 

Deposited energy per step (dE)
Step Length (dx) 
Stopping power per step (dE/dx)
Quenched energy (Qedep)

EmPhysicsList: G4EmLivermorePhysics



Electron simulation
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Without optics

Electron simulation
Full simulation of 10000 Evts of 1 MeV Electron

Birks Law:

Good agreement between versions without optics
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Without optics With optics

Electron simulation
Full simulation of 10000 Evts of 1 MeV Electron

Birks Law:

Good agreement between versions without optics Enabling optical processes modifies Qedep distribution in
Geant4 v11
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Electron simulation

IRN - 13 June 2025

Number of steps to track electron has increased in Geant4 v11.2.2 (~x10)

The deposited energy per step is smaller thus giving a smaller visible energy

Birks Law:

Full simulation of 10000 Evts of 1 MeV Electron
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Without optics

Step 1

Step 2

With optics

Without optical processes, the step are limited by Ionisation process and the Qedep distributions match between versions. 

However when optics are enabled, steps are limited by msc and we observe the increase in number of steps and
discrepancies on Qedep.

Electron simulation
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Msc models in EmLivermore

IRN - 13 June 2025

G4EmLivermorePhysics 
(Geant4 v10.4)

G4EmLivermorePhysics
(Geant4 v11.2)

The definition of msc1 in G4EmLivermorePhysics changed from G4UrbanMscModel to G4GoudsmitSaundersonMscModel (GS).

The later model was introduced since Geant4 v10.4 but was optimised recently to be more precise than G4Urban (see M.Novak’s
presentation) and is now the default msc model in EmLivermore. 

Differences in the Multiple Coulomb Scattering (Msc) model used between the different versions of Geant4

https://indico.cern.ch/event/647154/contributions/2718743/attachments/1529680/2393555/MNovak_geant4_22.pdf
https://indico.cern.ch/event/647154/contributions/2718743/attachments/1529680/2393555/MNovak_geant4_22.pdf


G4GoudsitSaundersonMscModel.cc
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Optical process in GS model

IRN - 13 June 2025

Presafety parameter plays a key role in the tracking of the particle:
Indicates the particle distance to the closer volume boundary
If particle is inside the volume:

Multiple scattering mode is activated
MSC is called but don’t limit the step

If close to the edge: 
triggers the safety parameter (fUseSafetyPlus in our case)
Goes to single scattering mode (smaller steps)

With optics

Presafety set to 0 at the beginning of every step (particle seen as close
to the boundary) → Triggers smaller step

particle virtually seen at the boundary of the sphere at the
beginning of every step
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Geant4 v11 Tracking Modified
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Possible solution

IRN - 13 June 2025

Change the order of tracking → Track secondaries last

Both versions come to a good agreement
However, for higher energy particles the computing ressources increase

Geant4 forum post

Geant4 bug report

Discussion with Geant4 developers to better
understand the effect

https://geant4-forum.web.cern.ch/t/possible-bug-in-emlivermore-and-optical-photon-generation/12928/10
https://bugzilla-geant4.kek.jp/show_bug.cgi?id=2631


Alpha simulation
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Alpha simulation

IRN - 13 June 2025

Alpha description is a bit different between versions especially at the last
step → dE/dx smaller in Geant4 v11.2.2 

→ No changements in the physics processes used between versions

Full simulation of 10 000 events of 5.3 MeV alpha
Birks Law:
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Alpha simulation

IRN - 13 June 2025

0.0036 0.0038 0.004 0.0042 0.0044 0.0046 0.0048 0.005
L [cm]

0

100

200

300

400

500E
nt

rie
s

Entries 10000
Mean 0.004071
Std Dev 05−5.794e

Track Length
Entries 10000
Mean 0.004071
Std Dev 05−5.788e

Entries 10000
Mean 0.004253
Std Dev 05−6.886e

Entries 10000
Mean 0.004253
Std Dev 05−6.882e

Geant4 v10

Geant4 v11
Simulating 5.3 MeV
Alpha in LAB using

SRIM/TRIM

http://www.srim.org

SRIM uses a group of programs to calculate the stopping and range of ions in matter. A more comprehensive program
(TRIM) allows to build complex targets with multiple layers and get various distributions of the ion.

Alpha range obtained with SRIM coincides pretty well with Geant4 v11 (42.3 μm in SRIM vs 42.5 μm in Geant4 v11.2.2)

Fix in Geant4 v11.0.0: G4BraggIonModel, G4BetheBlochModel, G4ionIonisation clean-up. Improved implementation of
corrections to ion stopping powers: do not apply corrections at the last step of an ion; do not apply corrections to alpha.
Addressing problem report #2440 (Geant4 v11.0.0 Release Notes)

http://www.srim.org/
https://bugzilla-geant4.kek.jp/show_bug.cgi?id=2440
https://geant4.web.cern.ch/download/release-notes/notes-v11.0.0.html


Simulation/Data
Comparison
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AmBe Calibration source

IRN - 13 June 2025

AmBe chain reaction:

Prompt signal: Proton recoils (+ C deexitation)12

Delay signal: neutron capture on H (or C)

Monte Carlo

AmBe source

Liquid scintillator

Water

Z
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Selection cut on AmBe events

IRN - 13 June 2025

AmBe source

Liquid scintillator

Water

Example of AmBe source placed at z = 15.75 m in a detector filled
with 3260 m  of liquid scintillator3

On top of AmBe events, other type of events can pollute the signal
and require a proper selection

15.7  m

9  m

Z
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AmBe source

Liquid scintillator

Water

15.7  m

9  m

Z

Prompt selection cut: 
+/- 2 m from source position 
Charge > 2000 PE & Charge < 15 000 PE

Prompt Charge for AmBe at z = 15.75 m

Selection cut on AmBe events
Example of AmBe source placed at z = 15.75 m in a detector filled
with 3260 m  of liquid scintillator3

On top of AmBe events, other type of events can pollute the signal
and require a proper selection
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AmBe source

Liquid scintillator

Water

15.7  m

9  m

Z

Delay selection cut: 
Time delay < 1000 μs & Time Delay > 10 μs 
Distance from prompt < 5 m

Selection cut on AmBe events
Example of AmBe source placed at z = 15.75 m in a detector filled
with 3260 m  of liquid scintillator3

On top of AmBe events, other type of events can pollute the signal
and require a proper selection



Delay selection cut: 
Time delay < 1000 μs & Time Delay > 10 μs
Distance from prompt < 5 m
Charge > 3500 PE & Charge < 5000 PE
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AmBe source

Liquid scintillator

Water

15.7  m

9  m

Z

Delay Charge for AmBe at z = 15.75 m

Selection cut on AmBe events
Example of AmBe source placed at z = 15.75 m in a detector filled
with 3260 m  of liquid scintillator3

On top of AmBe events, other type of events can pollute the signal
and require a proper selection



0 1000 2000 3000 4000 5000 6000
Charge [PE]

0

200

400

600

800

1000E
nt

rie
s

Delayed Charge

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
Charge [PE]

0

50

100

150

200

250

300

350

400

E
nt

rie
s

Prompt Charge

Entries 13884
Mean 236.4
Std Dev 209.3

/ ndf2χ 447.6 / 486
Prob 0.8934
p0 1.9±126.5
p1 4.0±219.2
p2 0.2507±0.8629

0 100 200 300 400 500 600 700 800 900 1000
dt [us]

0

20

40

60

80

100

120

140

E
nt

rie
s Entries 13884

Mean 236.4
Std Dev 209.3

/ ndf2χ 447.6 / 486
Prob 0.8934
p0 1.9±126.5
p1 4.0±219.2
p2 0.2507±0.8629

Neutron Capture Time

Matthieu LecocqMatthieu Lecocq page 23IRN - 13 June 2025

AmBe source

Liquid scintillator

Water

15.7  m

9  m

Z

Selection cut on AmBe events

 Neutron Capture on H

Example of AmBe source placed at z = 15.75 m in a detector filled
with 3260 m  of liquid scintillator3

On top of AmBe events, other type of events can pollute the signal
and require a proper selection
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Sim/Data comparison using Geant4 v11

IRN - 13 June 2025

AmBe source

Liquid scintillator

Water

AmBe source placed at different position in a detector filled with 3260 m  of liquid
scintillator

3

Run simulation with the same configuration of LS/Water volume and place AmBe source at
different Z positions using Geant4 v11
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Simulation with Default Geant4 v11 show good agreement at
the interface but deviates from data as we go up in the
sphere
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Sim/Data comparison using Geant4 v11

IRN - 13 June 2025

AmBe source

Liquid scintillator

Water

AmBe source placed at different position in a detector filled with 3260 m  of liquid
scintillator

3

Run simulation with the same configuration of LS/Water volume and place AmBe source at
different Z positions using Geant4 v11
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Simulation with Default Geant4 v11 show good agreement at
the interface but deviates from data as we go up in the
sphere

Tune the simulation with measurement of water/LS
absorption length → Better agreement at interface and top
of the sphere but still discrepancies in the middle
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Summary and Conclusion

IRN - 13 June 2025

Hadronic physics has minor discrepancies
Important discrepancies on the description of electrons :

Different msc model
Increase in step number
Different Qedep distribution

Discussion ongoing with Geant4 developers to make sure if any modifications are scheduled

GEANT4 COMPARISON

SIM/DATA COMPARISON USING GEANT4 V11
Tuned simulation using Geant4 v11 with modified tracking gives the best agreement with data 
→ Still a lot of improvements to be done on the simulation 

Measurement of absorption lengths (water/LS)
Adding detector geometry in the simulation
DCR measurements
Tuning of birks constants

Thanks !



BACK UP
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10 MeV Electron simulation in JUNOSW

No major differences aside from fast CPU
consumption for Tuned Geant4 v11

IRN - 13 June 2025

Computation ressources
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100 MeV Electron simulation in JUNOSW

The memory consumption increases but is still
lower than Geant4 v10
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Computation ressources



Computation ressources
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1 GeV Muon simulation in JUNOSW

Huge increase in memory consumption in Geant4
v11 tuned when simulating Muons
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Proton simulation

IRN - 13 June 2025

Full simulation of 10 000 events of 1 MeV Proton

On average, Geant4 v11 uses less steps to simulate protons
→ Distributions are narrower
Overall good agreement between versions

Mentions of updated data files and cross section for protons

Birks Law:



1.8 1.85 1.9 1.95 2 2.05 2.1 2.15 2.2
Qedep(MeV)

0

200

400

600

800

1000E
nt

rie
s

Entries 10000
Mean 2.071
Std Dev 0.01819

Total Quenched Energy
Entries 10000
Mean 2.071
Std Dev 0.01815

Entries 10000
Mean 2.026
Std Dev 0.02971

Entries 10000
Mean 2.026
Std Dev 0.02971

Entries 10000
Mean 2.026
Std Dev 0.0297

Geant4 v10
Geant4 v11

3400 3500 3600 3700 3800 3900
Number of PE

0

50

100

150

200

250

300

350

400

E
nt

rie
s

Entries 10000
Mean 3687
Std Dev 76.61

Total number of PE
Entries 10000
Mean 3687
Std Dev 76.59

Entries 10000
Mean 3611
Std Dev 88.98

Entries 10000
Mean 3611
Std Dev 88.98

Entries 10000
Mean 3611
Std Dev 89.03

Entries 10000
Mean 3685
Std Dev 82.52

Entries 10000
Mean 3685
Std Dev 82.52

Entries 10000
Mean 3685
Std Dev 82.56

Geant4 v10

Geant4 v11

Corrected Geant4 v11

1.8 1.85 1.9 1.95 2 2.05 2.1 2.15 2.2
Qedep(MeV)

0

200

400

600

800

1000E
nt

rie
s

Entries 10000
Mean 2.071
Std Dev 0.01819

Total Quenched Energy
Entries 10000
Mean 2.071
Std Dev 0.01815

Entries 10000
Mean 2.026
Std Dev 0.02971

Entries 10000
Mean 2.026
Std Dev 0.02971

Entries 10000
Mean 2.026
Std Dev 0.0297

Entries 10000
Mean 2.068
Std Dev 0.02355

Entries 10000
Mean 2.068
Std Dev 0.02355

Entries 10000
Mean 2.068
Std Dev 0.02359

Geant4 v10

Geant4 v11

Corrected Geant4 v11

Fitting kB on gammas

2.2 MeV Gamma

We can suppose that the Qedep distribution from G4v10 is the “correct” one and fit G4v11 to match it

Recalculated Qedep distribution (G4v11)
Reference Qedep distribution (G4v10)
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We have dE and dx distributions for each step. We can recalculate Qedep for different values of kB and find the value that
minimise χ2

kB = 8.26e-3 g/cm2/MeV
kB = 12.05e-3 g/cm2/MeV
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Even at higher energies the correction is still not good. Total number of PE is increased

1 MeV 4 MeV 10 MeV
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kB = 8.26e-3 g/cm2/MeV
kB = 12.05e-3 g/cm2/MeV

The kB value obtained from the fit on 2.2MeV Gamma is applied to the 1 MeV electron distributions

Correcting Qedep for electrons


