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Geant4 version used in JUNOSW is quite old (2018).

Lots of updates were made on hadronics and

_ _ Geant4 version Geant4 v10.4.2 Geantd v11.2.2
electromagnetic physics processes
OBJECTIVE: Release date 2018 2024
Perform comparisons and tests between versions
and locate any major discrepancies
Matthieu Lecocq IRN - 13 June 2025 page 2



Electron Simulation
Hadronic Simulation

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




Method

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

e Geant4 v104.2
e Geant4 v11.22

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: GAEmLivermorePhysics
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FULL SIMULATION OF 10000 EVTS OF 1 MEV ELECTRON al dE
Birks Law: Qedep = Z 1E
im1 1+ kB
WITHOUT OPTICS

Quenched Energy

Entries 10000

3 — Mean 963.2
g B Std Dev 6.697
w 2000 e I
— Entries 10000
: Mean 963.1
| Std Dev 6.97
1500 - I S IO R
— Geant4 v10
— Geant4 v11
| | —|
1000 :
500
0

900 920 940 960 980 1000
Qedep [keV]

Good agreement between versions without optics
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FULL SIMULATICON OF 10000 EVTS OF 1 MEV ELECTRON Y. dE

Birks Lavv: (Qedep = Z

~ 1+kBi

WITHOUT OPTICS WITH OPTICS

Quenched Energy Quenched Energy
Entries 10000 Entries 10000
B — Mean 963.2 B — : | Mean 963.2
= - Std Dev_ 6.697 5 u : : : : . | StdDev  6.837
(G 2000 +weerererereremmsesnnnsin b ST T 5 1400 I e R | RS S I
B Entries 10000 = : : : : : | Entries 10000
B Mean 963.1 1200+ rreeeeeese b S S S N .| Mean 949.3
B Std Dev 6.97 - : |.Std Dev 13.67
1500 —i---- : S SR O s N
| Geant4 V]_O 1000 __- ......................... ......................... . ...................... ........................
- Geantdvil |k 0 SER S N S— e S——
1000— : = u | — Geant4 v10 : l :
: 600 __ — Geantd v11 | ...................... ........................
500__ 400 ............ ........................
- 200 : ............ ........................
B L 2 2 2 [l 1 i 1 1 1
05500 920 940 960 980 1000 850 900 920 940 960 980 1000
Qedep [keV] Qedep [keV]
Good agreement between versions without optics Enabling optical processes modifies Qedep distribution in

Geant4 v1l
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FULL SIMULATICON OF 10000 EVTS OF 1 MEV ELECTRON N

Deposited Energy per Step

Entries 129923

8 106 ........... ............... ,... ............... ,..| ............... ; ............... .... ..... Mean 76_97
E i : : : : = : : i [StdDev 6351
w : : : : : : : : : |
BT T— T TR VOO e b ORI frceereeenien] Entries 969326
: : : : : : : : | Mean 10.32
B _ i : Std Dev 18.7
all I i, ; : S S S— .
10°E | —— Geant4 v10
- | — Geant4 v11
103_g ...................................................... R - el
102_g ...........................................................................................................................................
:I_O_g fevessasassasuasiannsanantasansdasasantassnsaadessnsanansansasdasananranns
L T T e I 1T B e T e S
0 100 200 300 400 500 600 700 800 900
dE [keV]
dE/dx per step
Entries 129923
g ......................... ............................. . ............................. . .......... Mean 5646
E : : : : Std Dev  2.203e+04
i : : : : ]
......................... e b o] ENTI@S 969326
i i i H Mean 8776

— Geant4 v10

Geant4 v1l

e I. ..... e [ 10

Std Dev 3.073e+04

3

dEdx [keV/cm]

dE
Birks Law: Qedep =
; 1+ kB4E

Quenched Energy

Entries 10000

3 — . | Mean 963.2
= - : : : : | StdDev  6.837
L 1400_.a ......................... ......................... . ...................... . ........................ I

o . [ Entries 10000
IR OO S SR S 1 .| Mean 949.3
H0E . | Std Dev 13.67

1000 A T 3 o A

800_ ......................... S .................... ........................
— | — Geant4 v10 : T :

600_— Geant4 Vll

........................................................................

400 ............ ........................

200 5 ............ ........................

880 900 920 940 960 980 1000
Qedep [keV]

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

Matthieu Lecocq
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WITHOUT OPTICS WITH OPTICS

£ G4Track Info
Volume ProcMame

g g 0 g 7 D / here initStep

ProcName ’ = ¢ t 1
initStep TRES ¥ S ep

eloni
eloni
eloni
eloni
eloni
eloni
eloni
eloni
eloni
eloni

MNP

[ 5 N N Y |

(=]
B
L

)~
[F5]

w oo
oo
O

=

=
[ ]

PRESAFETY =
PRESAFETY =

Without optical processes, the step are limited by lonisation 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.
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Msc models in EmLivermore

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

G4EmLivermorePhysics G4EmLivermorePhysics
(Geant4 v10.4) (Geant4 v11.2)
} else if (particleName == "e-") { /] e-

particle = G4Electron::Electron();
// multiple and single scattering

G4eMultipleScattering*x msc = new G4eMultipleScattering;
G4UrbanMscModel* mscl = new G4UrbanMscModel();
G4WentzelVIModel* msc2 = new G4WentzelVIModel();
mscl->SetHighEnergyLimit (highEnergyLimit);
msc2->SetLowEnergyLimit(highEnergyLimit);
msc->SetEmModel(mscl) ;

msc->SetEmModel(msc2);

\, v

// multiple and single scattering

G4GoudsmitSaundersonMscModelx mscl = new G4GoudsmitSaundersonMscModel();
G4WentzelVIModel* msc2 = new G4WentzelVIModel();
mscl->SetHighEnergyLimit(highEnergyLimit);

msc2->SetLowEnergyLimit (highEnergyLimit);
G4EmBuilder::ConstructElectronMscProcess(mscl, msc2, particle);

The definition of msclin 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.

Matthieu Lecocq IRN - 13 June 2025 page 11
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G4GoudsitSaundersonMscModel.cc

if (gIsOptimizationOn &% (distance<presafety)) {

fIsMultipleSacettring = true;
fIsNoDisplace = true;

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:
o Multiple scattering mode is activated
o MSC is called but don’t limit the step
- If close to the edge:
o triggers the safety parameter (fUseSafetyPlus in our case)
o Goes to single scattering mode (smaller steps)

WITH OPTICS

kR ERR KRR R R R R R KRR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R Rk R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R kR R

Information
skofskokskskokskskkoksRotokok sk kek ok sk skkokskskok skok

Step# X(mm) Y (mm) Z(mm) KinE(MeV) dE(MeV) StepLeng TrackLeng NextVolume ProcName
4] ] 0 0 1 0 0] 4] LSSphere initStep
PRESAFETY = @
IPRESAFET"{' =0
i ! ¥v.0019 ]
PRESAFETY 9999,998096944608
PRESAFETY 10000
.95 0.0245 -0.0138

1 0.000159 0.0019 0.0019 LSSphere msc

0.867 D . 1.02 1.02 LSSphere eloni
' 0,Along= @,Post=35), #SpawnTotal= 35

List of 2ndaries - #SpawnInStep= 3

ook ke e ke ook

Z(mm) KinE(MeV) dE(MeV) StepLeng TrackLeng NextVolume ProcName
-0.0138 0.867 0 0 1.082 LSSphere initStep

Y (mm)
0.0245

Step# X (mm)
. @.95
PRESAFETY = @
PRESAFETY = @

3 .48 0.658 0.0476 0.763 0.104 0.836 1.86 LSSphere msc
List of 2ndaries - #SpawnInStep= 30(Rest= 0,Along= 0,Post=30), #SpawnTotal= 30

Aok R ok R R oR R oR R oR Rk ok R ok FoR $oR R SRR RoR SR ok oR ok R ok R oRoReRoR SR oR ok ok koR

Aok dekokok

Presafety set to O 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

TTTTS 2

Matthieu Lecocq
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Possible solution

Discussion with Geant4 developers to better
understand the effect Change the order of tracking - Track secondaries last

Quenched Energy

To check this, if the StepLinitType is changed to fllseSafety

O : : : : : | Mean 963.2
Andrea 20241011 12:07:24 CEST Description [repiy) e - . . . .
— . . . . .
Created attacheent 679 [details] +— — : : : : : eV
B1 example and plots . . . . . -
Dear davelopers, L . . B .
As reported an the G4 forus and as discussed in a call with V. Ivanchenko, — . - - .
naticed 4 strange benavior of the GAGoudsmitSaundersan MSC sodel when the ootical . . . . -
: : : : | Entries 10000
Forua link: ht antd~forum. web. cern.ch/t/pass ible-bug-in-ealiversare-and- . . . .
optical-photan-generat ion 12928 . . . .
Were is the deteription of the prables: - - - . M ean 949 3
.
dniisseisisanielind s 1200 f—-reeerrmrmmmmmmmnnnniii -
The geometry consists in a 18 m radius sphere filled with L
B L s Dl e - td Dev 13.67
electrons are tracked in  very different way if the optical physies is emabled or .
not.
In particular when the optics is enabled the nusber of steps is such higher (around L
180) and the steps are Limited almost only by msc. Instead, when the optics is
disabled the nusber of steps is such lower (around 19) and the steps length is
always Limited by eloni. — -
You can find in the attochsent seae plots of the nusher of steps required ta track
the primary particle (1 Me¥ e=), the deposited energy for each steps and the ratio n rIeS
of msc and eloni steps with respect to the total nusber of steps, with and without s srereere renrsssrenesenns
the optics ensbled.
We investigated the issue and we found that the probles is relsted to the usage of — M M ean 963
the G4GoudsmitSaundersoniscodel, In fact if we use the GAEsStandardPhysics (option :
B o e CIERSrardardbngs Les-optioe3 SRRt urs:the GAVsbabinder 1he boraviar 1t the — eantd4 vl :
same (with and without optics] and the particles are tracked in about 10 steps .
1intted caly by eTonds : Std D ev 7 2 2 7
In particular, as highlighted in the G4 forus post, at line 519 of the . -
GGoudsnitSaundersonscHodel. cc file the msc algorith is choosen accarding to the 4
value of the “presafety” variable { if (gisOptimization0n 66 (distancespresafety)) e EEEEEEE . P T
} and this varisble assuses a value equal to the distance betwsen the particle and .
the boundary of the voluse if the optics is disablled (as expected) but it is alway L .
8 if the optics is enabled, As a comsequence the "Error free algoritha® associated . -
to the fusesafetyPlus is always executed, Limiting the steps, even if the particle -
is for sway from the voluse boundary. — .
Tnstead, when the optics is disabled and the presafety is not 8, the sispler and . . :
faster GalrbanHodel-like code is executed, thus msc process does not Linits the eant V raC In O | |e -
steps (but eloni does). e - -
-

vermore and optical photon generation 1 f—

G4 .P0§sible bug in Em

124 :
i Has your question - I .
e been answerad? — H
There are at least two points (1. and 2.} 1o clarify here that | iry below without gatting lostin Highiight the answer and .
detals. help others by using the —
solution bution below the 1 - 1 1 1 1
0. Before them: ‘cormect reply.
As Daren{dsawkey) mentioned, the number of simulation steps is arbitrary. We can limit the 80 900 920 940 960 9 0 1000

simulation staps morefess fraquently whie the simulation results (8.g. energy deposit or
interaction frequencies, lc.) stays the same. Mulliple Goulomb scattering (MSC) models d k

(ke G4UrbanMscModel and G4GoudsaithSaunder sonMschiode ) often use their Qe ep e

arbitrary slep limil in order 1o ensure Bl the iracking is only as accurale as expected (nol 10411

mone but not less). The different tracking/stepping algorithm types of the MSC models (like Oct 14

Minimal, Safety, DistanceToBoundary, SafetyPlus)comespand o diffarent

required level of tracking accuracy (increasing in that order) and eventually implemented

saparately for the different MSC models and usually mean different algorithms. 34

Therefore, switching to a different MSC model will very likely result in different number of =

simulation stops, 85 You can $06 when comparing using G4UrbanMscModel vs “ a Both Ve rSIOnS Come to a OOd a reement

GaGoudsmithSaundersonMschodel inthe Livernore or the optiond EM

constructors, even if the MSC step limit type (and all other parameters) stay the same,

In this particular case, this is because the GAGoudsmithSaunde rsonMschodel will

ensure an acourats tracking of elactrons across valume boundaries when the SafetyPlus H H H =

e e e owever, for higher ener articles the computing ressources increase
EM physics constructors) while G4U rbanMscMadel is not ]

(Tha GS model achieves this by crossing the volume boundaries in single scattering mode,

i whenever the Irack is closer 1o a volume boundary than 1-3 tirmes the elastic scattering

mean frea path, M5C will be single scattering. If you start tracking from or close to a

boundary then you will have several such msc limited steps, i.e. single scaitesing sieps,

while the track moves further away from that baundary.)
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Alpha simulation




Alpha simulation

FULL SIMULATICON OF 10 000 EVENTS OF 5.3 MEV ALPHA Y. dE

Birks Law: Qedep =
; 1+ kB4

Deposited Energy at each step

Entries 30000
é 800:—"' SO SRR Mean 1767
g E : : ; g ; ——— Quenched Energy
700_. T R FECREPEPETPIPEPRRRRRE E t 30000 -
= Geant4 v10 : : Vearo 1767 _ _ _ _ _ _ Entries 10000
600 Geantdvil StdDev 4713 3 — g : : : : : Mean 272.4
= : : : E 700 SRR e, o N N s HRRRRRRRNS ORI Std Dev__ 3.575
500__ ....................................................................... L : : : . : : : : I
= : 5 : ~ : : : ; ; Entries 10000
400-:— -1 """"""" """"""""""" """"""""""" 600 I . .................. . ................................. ................. ................... ............... Mean 284.5
- : : : [ : : : : : Std Dev 4.298
300__ ................................................. | : : : : : :
- 500 f—--ereeeeee R e COTRRY ped e P PP
200__ eEesesersssatesattasaniiaetstnerntretannanan : - E E E E é -
100;— """""""""""""""""""""""" 400 :_ .............. .................. ................. .................. N T .......... —— Geant4 v10
) SR : —— — ; : : : Geant4 v1l
0 500 1000 1500 2000 2500 3000 3500 ~ : : : :
dE [keV] 300 .................. ................ . ................ _ ..................
dEdx at each step 200__ .............. , .................. , ................. , ................ ................... ................. ., ..................
Entries 30000 — : : : : : : :
A - Mean  1.598e+06 = : : : : : : :
% 4000:_ --------------------------------------------------------------------------------------------------------------------------- Std Dev 6.(?54e+05 100__ .............. .................. ................. -. ................................. ,. ..................
. - : : : . [Entries 30000 [ - - : :
3500.:_ .............................. ............................. ............................. ....... Mean 1.406e+06 = l Dy I Dy I Dy
3000 F—-- — Geant4vi0  |....L. ............................. ......... Std Dev _4.016e+05 840 250 260 270 280 290 300 310 320
= : : Qedep [keV]
- — Geant4 v11
2500__ .......... .................................................................
2000
1500 Alpha description is a bit different between versions especially at the last
1000f- step »> dE/dx smaller in Geant4 v11.2.2
500—
0: «10°
500 1000 1500 2000 2500 3000

dEc [kevie] - No changements in the physics processes used between versions
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Alpha simulation

Track Length

Entries 10000
_g — Mean 0.004071
E [510]0] LT C LT T T . P P T T PP P PP PP PPN SERPPPREPPPI EStd Dev 5'7?86 —05
| Entries 10000
B Mean 0.004253
400 — i B b e :Std Dev 6.882e —05
300 :..g .................... .................... FF JURURRY NN INSRRRRY ................... L T
- : : Geant4 v10
I : 5 : Geant4 v11
200____ ..... , .................... ................... .................. ................... .................... ................... ...................
100_____ ..... ................... .................. ................... ................... ................... ...................
O [ 1 i 1 1 1 1 I 1 1 I — 1 1 l 1 1 1 l 1 1 1
0.0036 0.0042 0.0044 0.0046 0.0048 0.005

L [cm]

(ATOMS/em3) / (ATOMS/em2]

http://www.srim.org

0

ION RANGES
lon Range = 42.3 um Skewness =-9.8012
Straggle = 4510 A Kurtosis = 309.5279
5000
4000
Slmulajclng 5.3 IV.IeV 3000
Alpha in LAB using
2000
~ SRIM/TRIM
% 1000
0
A - Target Depth - 150 um

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 pm in SRIM vs 42.5 pm 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)

Matthieu Lecocq
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AmBe Galibration source

AmBe chain reaction:
* AmBe source

g

21 Am — P"Np+ a, ‘Be+a — 120*(or 120) +n Liquid scintillator

ﬁ

Water

Prompt signal: Proton recoils (+ **C deexitation)
Delay signal: neutron capture on H (or C)

MONTE CARLC

AmBe Prompt Signal AmBe Delayed signal

1200;__._ ................. a ..................... \.- ..................... - ..................... -< ....................

Entries

Entries
T T 11

: : | : : : 1000 — SRS S— -
9202 EARNSSURNE SN SIS SIS SO0 ) R SO SO S : : =

s00/F— ...C3™cData
| '2C (GND)
2C (1st ES)

800 T S A T N 2o 08 a2 0 L L

400} 6001 T S ek T T T

: _ | . . _ 400 — SR S— 50 TN [ S—— AU T—

B S S— 1 S | S— — —

i 1 1 L I 'l 1 - I_J N — 1 1 j_l - L L | L 1 -l I I - j. — 1 ) — i -l e 1 L
12000 14000 2%00 2500 3000 3500 4000 4500 5000 5500
Charge[PE] Charge[PE]

L 'l i L 1 1 I 1 L 1 ' '] 1 I I 1
4000 8000 8000 10000

| 1
0 2000
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Example of AmBe source placed at z = 15.75 m in a detector filled ¥ AmBe source
with 3260 m?® of liquid scintillator —

Liquid scintillator

Water

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

Prompt Charge Map for z = 15750
20000

18000

Charge [PE]

16000

)

14000

12000

10000

=k
]

8000

6000

4000

—

gﬁFFttrrlLylLllPlylltllll‘Illjljjllll

e e

2000

T
ki

.
[
I
-
i
|
i
Lo
i

_ o — v T FrEEE Ty T n
| | ¥ | i el

8000 10000 12000 14000 16000 18000 20000
Z [mm]
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Example of AmBe source placed at z = 15.75 m in a detector filled

with 3260 m?® of liquid scintillator

On top of AmMBe events, other type of events can pollute the signal

and require a proper selection

Prompt Charge Map for z = 15750
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Prompt selection cut:

1o « +/- 2 m from source position
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Selection cut on AmBe events

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

* AmBe source

Liquid scintillator

. Water
On top of AMBe events, other type of events can pollute the signal
and require a proper selection
Delay selection cut: N
- Time delay < 1000 ps & Time Delay > 10 ps £ T .
. e [ = 10°
« Distance from prompt<5m ; 201 -
§ 15_— .
[a) 1 = 10
10[- s
s T, T i T i ety oy D I L
Oo:l.'-'.-Tl-(I)-d-' 500500 400 500 600700800 §00 1000
dt [us]
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Selection cut on AmBe events

Example of AmBe source placed at z = 15.75 m in a detector filled

with 3260 m?® of liquid scintillator

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

Delay selection cut:

- Time delay < 1000 ps & Time Delay > 10 ps

« Distance from prompt

<bm

« Charge > 3500 PE & Charge < 5000 PE
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Selection cut on AmBe events

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

On top of AmBe events, other type of events can pollute the signal
and require a proper selection
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Light Yield [arbitrary unit]

Sim/Data comparison using Geant4 vll @

AmBe source placed at different position in a detector filled with 3260 m?® of liquid 3 AmBe source
scintillator Liquid scintillator
Water
Run simulation with the same configuration of LS/Water volume and place AmBe source at
different Z positions using Geant4 v11l
AmBe Calibration in 3260 m3 of LS
] [T T T T T T T T T T TR —_— e s . . .
= : : + Hrt+ g : | Simulation with Default Geant4 v11l show good agreement at
0.9 E .................. * ....... S f ................. .................. * ............ .................. the |nterface but dev|ates from data as we go up in the
08E o ST A SR e e S | sphere
ISR ST LI SR N+ RS T
— + + : * 5 . : + * : + :
— : + + + + + + : : : :
0.5_* ....... + ................ S * ....... + ....... B il ................... ;+ ........ + *
= A N TH : : : + 7 :
0.4 meoooe: TSP TIPS Breenees e e SRR A% +*+
0.3E —+——— Geant4 v11 Sim : o ++ :
é ....... Geantd vl Sim Tuned | , .......................... PRI
02E7 | —t— GeandvilSimTuned &Tracking Modified | : SRS . S
0.1 - . . .
11 12 13 14 15 16 17 18
Z [m]
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Light Yield [arbitrary unit]

Sim/Data comparison using Geant4 vll @

AmBe source placed at different position in a detector filled with 3260 m?® of liquid J  AmBe source
scintillator Liquid scintillator
Water

Run simulation with the same configuration of LS/Water volume and place AmBe source at
different Z positions using Geant4 v11l

AmBe Calibration in 3260 m3 of LS

= : : .+t 4+ * : | Simulation with Default Geant4 v11 show good agreement at
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Summary and Gonclusion

GEANT4 COMPARISCN

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

SIM/DATA COMPARISON USING GEANT4 VNI

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 1/
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10 MeV Electron simulation in JUNOSW

CPU usage over time for G4 v10 CPU usage over time for Default G4 v11 CPU usage over time for Tuned G4 v11
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No major differences aside from fast CPU
consumption for Tuned Geant4 v1i
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7 60

404

CPU usage over time for G4 v10

CPU usage over time for Default G4 v11

100 MeV Electron simulation in JUNOSW

CPU usage over time for Tuned G4 v11
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The memory consumption increases but is still

lower than Geant4 v10
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CPU usage [%]

1 GeV Muon simulation in JUNOSW

CPU usage over time for G4 v10 CPU usage over time for Default G4 v11 CPU usage over time for Tuned G4 v11
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Huge increase in memory consumption in Geant4
v11 tuned when simulating Muons
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FULL SIMULATICN OF 10 000 EVENTS OF 1 MEV PROTON Y. dE

Birks Law: Qedep =
; 1+ kB4
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Mentions of updated data files and cross section for protons
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Entries

Fitting kB on gammas

We can suppose that the Qedep distribution from G4v10 is the “correct” one and fit G4v1l to match it
We have dE and dx distributions for each step. We can recalculate Qedep for different values of kB and find the value that

minimise x>

N
2 9 E : _ N . n; Recalculated Qedep distribution (G4v11)
X - :U'z(e) n; + n; In _,ui (9) Reference Qedep distribution (G4v10)
1=

kB = 8.26e-3 g/cm2/MeV
kB =12.05e-3 g/cm2/MeV

2.2 MeV Gamma
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CGorrecting Qedep for electrons @

The kB value obtained from the fit on 2.2MeV Gamma is applied to the 1 MeV electron distributions
Even at higher energies the correction is still not good. Total number of PE is increased

1MeV
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