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Goal : Simulation/parameterization of ionization cluster generation in Geant4

ionizing

To investigate the potential of the Cluster Counting technique (for He based drift chamber) on physics events a e
rac

reasonable simulation/parameterization of the ionization clusters generation in Geant4 is needed.
drift tube
Garfield++ :

* (Heed) simulates the ionization process in the gasses (not only) in a detailed way.

* (Magboltz) computes the gas properties (drift and diffusion coefficients as function of the fields value)

* solves the electrostatic planar configuration and simulates the free charges movements and collections on

ionization

the electrodes. clusters

lonization

So Garfield can study and characterize the properties and performance of single cell or drift chamber with .

simple geometry, but cannot simulate a full detector neither study collider events.
Geant4 :
* Simulates the elementary particle interaction with material of a full detector.
* Studies colliders events
But...the fundamental properties and performance of the sensible elements (drift cells) have to be
parameterized or ad-hoc physics models have to be defined.
Actually we are simulating 2m long tracks which pass through a 1 cm long side box of 90% He and 10%

iC4H10 with Garfield++ and Geant4 .
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# of sigma

# of sigma

Particle separation with traditional dE/dx method and cluster counting

Particle separation from truncated mean dE/dx
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Cluster counting leads to an improvement on particle separation power.

As example, around 5 GeV the power separation of a pion from kaon

obtained with traditional method is about 4, the one obtained with cluster

counting is around 8.

We are simulating 2m long tracks which pass through a 1 cm long side box
of 90% He and 10% iC H, with Garfield++ and Geant4 3
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Studying the results from Garfield++ simulations, we can interpret correctly the results obtained from Geant4 simulations with the goal

of reconstruct the number of clusters and the cluster size generated from different particles with different momenta passing through the

tracker detector.
Number of cluster for different particles vs momentum

6000 Particle

electron
proton
kaon
muon
pion

5500

ool et

5000

Number of Cluster

4500

4000

3500

3000

>

2500

T[T T T g TT@ I T TTT[TITT[TTTT[TITI][ 1T
U
e
e
L
LS <
}-
L
®
@
<
3
m>3
3
i

EDUD 1 1 IIIIII| 1 1 IIIIII| 1 1 IIIIII|
1 10 10°

Momentum [GeV]

09/02/2021

Number of cluster from

Garfield++

Here the distribution of number of cluster produced by different

particle at different momenta, obtained with Garfield++

Number of cluster for different particles vs Py
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Cluster Size
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Here the distribution of cluster size produced by different

particle with different momenta, obtained with Garfield++
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Primary and secondary ionization energy

Primary ionization energy
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Primary ionization energy indicates the total energy loss by the track

minus the total extra energy over number of cluster .

Secondary ionization energy indicates the ratio of extra energy

over the cluster size simulated by Garfield++.



Extra energy with CISz=1
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Extra energy Cl>1 first Cluster (Gen)

m hExtra
2 Entries 154455 This is the kinetic energy distribution for cluster with
TR Mean 117.4
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1075 ¥2 / ndf 1860 /92
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- p1 0.8973 + 0.0013
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ol 9.931+ 0.044
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i 48.5x1.2

cluster size higher than 1 is a convolution of n times

10% it (number of cluster) of this distribution.
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NOTE

maxCut is set to 1 keV. If maximum kinetic energy of
particle is less than 1 keV, maxCut is set to the value of
the maximum kinetic energy . It is the energy equivalent

to the range cut set in Geant4.
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The goal is to create two different models for kinetic energy of clusters with cluster size equal to 1 and higher than 1,
to interpret correctly the total energy loss by different particles in a single cell.
We implemented the fit in slides 7 and 8 for different particles at different momenta and studied the fit results.

Moreover we evaluated the probability to have cluster size equal to one respect to have cluster size higher than one.
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Fit parameters for kinetic energy distribution for cluster with cluster size equal to 1

Mean from gaus+exp fit of Extra Energy with ClISz=1

Here the distribution of mean value (top left) and sigma value (bottom

Mean [eV]
N

right ) for different particles with different momenta.

The distributions are fitted with an exponential function plus an
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First step for all the algorithms tried is the evaluation of the total kinetic energy spent to create clusters with cluster size higher than 1,

identifying the value of “maxExEcl”.
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maxExEcl=(Etot-maxEx0+gRandom—-Gaus(0,ExSgm))/maxExSIp

MaxEXxO0 is the first parameter of the linear fit

MaxExSIp is the second parameter of linear fit

ExSgm is the average of the sigma of each point in the correlation trend.

The figure shows an example of distribution of total energy loss for extra

energy between 90 and 100 eV for cluster with cluster size higher than one.
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Reconstruction algorithms

We implemented seven different algorithms trying to reproduce the number of cluster and the cluster size.

The first step common to all algorithm is the evaluation of the total kinetic energy for cluster with cluster size higher than one (maxExEcl) event by event.

1) The first algorithm uses a reference value of the ratio between clusters containing a single electron and clusters containing more than one electron (Rt).
Using the Rt value, the algorithm chooses to create cluster with cluster size one or higher. Then, it assigns the kinetic energy to each cluster by using the
proper distributions. If the cluster has more than one electron, a check on the total kinetic energy is performed and its cluster size is evaluated. The

procedure is repeated until the sum of primary ionization energy and kinetic energy per cluster saturate the energy loss of the event.

2)The second algorithm, if maxExEcl is higher than zero, generates the kinetic energy for clusters with cluster size higher than one by using its distribution
and evaluates cluster size. This procedure is repeated until the sum of primary ionization energy and kinetic energy per cluster saturate the maxExEcl of the
event.

Then, using the remaining energy (Eloss-maxEXxEcl), the algorithm creates clusters with cluster size equal to one by assigning their kinetic energy according
to the proper distribution.

The reconstruction of clusters with cluster size equal to one remains the same for all next algorithms.

3)The third algorithm (similar to the previous), during the generation of cluster with cluster size higher than one, assigns the kinetic energy to them, choosing
the best over five extractions that makes the total kinetic energy for cluster with cluster size higher than one approximating better the maxExEcl.
To correct a systematic underestimation of the mean number of clusters, an additional correction to the residual energy for generating cluster with cluster

size equal to one can be used.
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4)The fourth algorithm (similar to the previous), during the generation of cluster with cluster size higher than one, assigns (by extracting from the proper

distribution) the kinetic energy to them, until the total kinetic energy better approximates the maxExEcl.

5)The fifth algorithm is similar to the fourth with almost differences in the technical implementation.

6)The sixth algorithm follows a different methodology. Indeed it uses the total kinetic energy of the event to evaluate a priori the number of cluster, applying

the most likelihood criterium.

7)The last algorithm is similar to the second algorithm but generates the kinetic energy for cluster with cluster size higher than one by using the fit of kinetic

energy distribution.

List of variables

maxEXEcl : total kinetic energy spent to create clusters with cluster size higher than 1

EXECI : kinetic energy generated per cluster

Ncl1 : number of clusters with cluster size equal to one

Nclp : number of clusters with cluster size higher than one

maxCut : energy value equivalent to the range cut set in Geant4

totEXECI : total kinetic energy reconstructed to create clusters with cluster size higher than one
Eloss : energy loss from a track passing through the cell

CISz : cluster size

Eizp : primary ionization energy, 15.8 eV

Eizs : secondary ionization energy, 25.6 eV
09/02/2021 13



Number of clusters and cluster size for muon at 300 MeV

The next slides will show different attempts to reproduce the number of cluster and the cluster size for a muon in He-iC H.,..

The reference distribution obtained from Garfield++ simulations are here reported.

Number of clusters per track (Gen) Cluster size (gen)
9 T hNClgen g F hCISzGenTot
ZE - Entries 200000 E 10° :_ Entries 2391778
W g w g
E Mean 11.96 i Mean 1.705
- StdDev  3.458 10° | StdDev  6.498
10°
= 10*
10° 10° -
- 0 b
10 =
10 E
1E -
:F L1 1 1 | Ll 1 1 | L1l 1 1 | L1 1 1 | L1 1 1 | L1 11 | | I | | L1 11 | | I I | | | I I | 1E Ll | L | L1 | L | L | L
0 10 20 30 40 o0 60 70 80 90 0 50 100 150 200 250 300 350 400 450
# of clusters # electron per cluster
09/02/2021 14



First algorithm

The first algorithm uses a reference value of the ratio between clusters containing a single electron and clusters containing more than one electron

(Rt). Using the Rt value, the algorithm chooses to create cluster with cluster size one or higher. Then, it assigns the kinetic energy to each cluster

by using the proper distributions. If the cluster has more than one electron, a check on the total kinetic energy is performed and its cluster size is

evaluated. The procedure is repeated until the sum of primary ionization energy and kinetic energy per cluster saturate the energy loss of the

event.
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* The peak is almost in agreement with the expected value, but the distribution of number of clusters is not Poissonian, indeed

presents a long fake tail.

* The cluster size presents a depression before the value of 50 electrons.

We change the method for algorithm implementation.
09/02/2021
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Second algorithm

The second algorithm, if maxExEcl is higher than zero, generates the kinetic energy for clusters with cluster size higher than one by using its
distribution and evaluates cluster size. This procedure is repeated until the sum of primary ionization energy and kinetic energy per cluster
saturate the maxExEcl of the event.

Then, using the remaining energy (Eloss-maxEXxEcl), the algorithm creates clusters with cluster size equal to one by assigning their kinetic energy

according to the proper distribution.

Number of clusters per track (Rec) Number of electrons per cluster Rec
” _ hNClust hCISzRec
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- |
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0 10 20 30 40 50 60 70 80 90 0 50 100 150 200 250 300 350 400 450
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* The distribution is Poissonian.
* The cluster size presents again a depression before the value of 50 electrons.
We tried other algorithms.

09/02/2021 16
B I 1 R 9 90 000 S8 B B E 1 © 1 e s T R AR BN S mAE S ARa SRR NN Ss N REEEEINAEANARANARSNENAENUNARAREREEARANS



Third try: with correction

Number of electrons per cluster Rec

Number of clusters per track (Rec)
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Sixth try

The sixth algorithm follows a different methodology. Indeed it uses the total kinetic energy of the event to evaluate a priori the number of cluster,

applying the most likelihood criterium.

Number of clusters per track (Rec) Number of electrons per cluster Rec
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Summary table

expected

value
Algorithm
1
2

3 (without

correction)

3 (with

correction)
4
5
6

7
UY/UZ/2UZL

Ncl

11.96

14.69

11.53

10.99

11.94

11.63

12.11

11.36

7.012

oNcl

3.458

6.959

3.612

3.72

3.758

3.642

3.808

3.525

4.026

Ncl1

10.44

12.85

9.225

9.339

10.25

9.388

9.533

9.501

7.593

oNcl1

3.228

6.426

3.633

3.608

3.69

3.633

3.935

3.511

3.862

Nclp

1.912

2.157
3.448

2.428

2.429

3.349
4.186
2.724

2.286

ONclp

1.04

1.25
2.602

1.321

1.317

2.675
2972
1.311

1.258

maxNclp

10.05

13.5

25.5

14.5

12.5

24.5

24.5

12.5

12.5

#entries of Nclp
gen/ #entries of

Nclp rec

1.082
0.899

0.886

0.889

0.889
0.820
0.886

1.295
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expected value
Algorithm
1
2

3 (without

correction)

3 (with

correction)
4

5

09/02/2021

ClSz

1.705

1.424

1.775

1.828

1.762

1.753

1.698

1.787

2.485

oCISz

6.498

5.569

6.483

6.695

6.367

6.434

6.231

6.67

9.012

The second and third algorithm produce a number of cluster distribution, which
follows the Poissonian shape and gives a mean value compatible with the one
expected.

The sixth algorithm produces a number of cluster distribution, which follows the
Poissonian shape and gives a mean value compatible with the one expected
and also reconstructs a cluster size distribution whose shape is similar to the
one expected.

The other algorithms do not reproduce the Poissonian shape expected for

number of clusters distribution.
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Test of algorithms with other particles and other momentum values

Muon at p= 10 GeV, sixth algorithm
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Pion

Entries

at p= 300 MeV, sixth algorithm

Number of clusters per track (Gen)
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Pion at p= 10 GeV, sixth algorithm

Number of clusters per track (Gen) Number of clusters per track (Rec)
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Entries 3146098 2 i Entries 3007155
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wl i
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Geant4 result

The algorithm is tested with Geant4 simulations and the results obtained are compatible with the ones obtained with Garfield++.

The plot shows the number of cluster distribution obtained with Geant4 by applying the third algorithm.

Number of clusters per track

" hNClust
2 — Entries 138304
S 10* = Mean 11.42
L —
- Std Dev 3.805
10° E
B Muon at p=300 MeV
.ID.E g_
10 =
1er
F..||I||||I||||m||||I||||I||||I||||I||||I||||I||||
0 10 20 30 40 50 60 70 80 a0
# of clusters generated
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Conclusion and next step

We have three algorithms that give us good results (2,3,6).

Now, we are working on evaluation of the trend of the other important parameters necessary to automate the
procedure.

We will compare simulation results with experimental results.

We will apply the reconstruction algorithm in Geant4 full drift chamber simulation.
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Back up
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Test of algorithms with other particles and other momentum values

Muon at p= 10 GeV, second algorithm

Number of clusters per track (Gen)

Entries

10°*

10

10°

hNClgen
Entries 200000
Mean 16.01
Std Dev 4.005

10
1
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0 10 20 30 40 50 B0 70 80
# of clusters
Total CISz generated
hCISzGenTot
Entries 3202340
10° Mean 1.567
Std Dev 5.194
10°
10
10°
10°E
10 =
1=
—IIIIIIIII|IIII|IIII|IIII|I
0 50 100 1580 200 250 300 350 400 450
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Entries

10*

10
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—
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Number of clusters per track (Rec)

hNClust
Entries 200000
Mean 15.53
Std Dev 4.163

10 20 30 40 50 60 70 80

# of clusters generated

Number of electrons per cluster Rec

50 100 150 200 260 300 350 400
# of electrons per cluster

hClSzRec

Entries
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Std Dev

3106352
1.625
5.123

450
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Pion at p= 300 MeV, second algorithm

Number of clusters per track (Gen) Number of clusters per track (Rec)
hNClgen hNClust
2 C Entries 200000 2 - Entries 200000
I ~ Mean 12.48 = B Mean 12.07
w 10° = Std Dev 3.521 w g = Std Dev 3.695
B 10°
10°
B 107
10°
10
10
12
|IIII|IIII|IIII|IIII|IIII|IIIIIIIII|IIII|IIII|IIII :FIIII|IIII|IIII|IIII|IIIIIIIII|IIII|IIII|IIII|IIII
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
# of clusters # of clusters generated
Total CISz generated Number of electrons per cluster Rec
hCISzGenTot hClSzRec
Entries 2495483 ki - Entries 2414740
10° Mean 1.728 Z 10° k= Mean 1.785
Std Dev 6.737 w E Std Dev 5.538
10° 10°
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10° 10°
10° = 10° =
10 10 ;—
1E 1 |
oo b b v b P oo Wl o E|||I|||||||||||||||||||||||||
0 50 100 150 200 250 300 350 400 450 0

50 100 150 200 250 300 350 400 450
# of electrons per cluster 2 7



Pion

Entries

10

at p= 10 GeV, second algorithm

Number of clusters per track (Gen)

hNClgen
B Entries 200000
Mean 15.73
Std Dev 3.967

:'::|||||IIII|IIII|||II|IIII|IIII|IIII|IIII|IIII|IIII
0 10 20 30 40 50 60 70 80
# of clusters
Total CISz generated
hCISzGenTot
Entries 3146098
Mean 1.582
Std Dev 5.456
E
#|||||||||||||||||||||||||||hm.m:‘mmmu@

50 100 150 200 250 300 350 400 450
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10

—

Number of clusters per track (Rec)

hNClust
B Entries 200000
Mean 15.26
g_ Std Dev 4.124
:'::IIII|IIII|IIII|III|T||IIIIIIIII|IIII|IIII|IIII|IIII
0 10 20 30 40 50 60 70 80 80
# of clusters generated
Number ot electrons per cluster Hec
hClSzRec
Entries 3051354
Mean 1.637
Std Dev 5.32
?IIIIIIII'IIII'IIII'IIIIIII|
0 50 100 150 200 250 300 350 400 450

# of electrons per cluster
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Fraction (%) gaus+exp fit of Extra Energy with CISz=1

z - #2 / ndf 121.6/118 Here the distribution of the fraction value from fit, fitted with a
(=] . . . o _ o o
g 026 const 0.0171+ 0.0009638 decreasing exponential function plus an efficiency function.
- C .
0.04— str Point 3.221+ 0.3549
- T 2484 + 0.1048
0.22 :— fracy ., 6.378 + 0.3496
P Midyea, 4.212 + 0.02879
0.2
APL![EIEIJ 1826 + 01 1 39
0.18 shift Level 0.2517 + 0.001529

0.16

Slope from gaus+exp fit of Extra Energy with CISz=1
0.14

| | | | | s o2 %2 / ndf 105.2 /119
0.12 1 L 11l 1 L 11l 1 L1111l 1 L1t 1 L 11l 1 L 11l 1 @
1 10 10° 10° 10¢ mEM ﬁ% 8150 const 9.183 + 0.02379
- end Point  1.817 £ 0.03368
8.1 - T 5.549 + 0.2048
6 05 slope_ 0.413 + 0.04457
- mid,_...  0.7676 + 0.04184
8 Apiaiean 2.389 + 0.09343
N L . 7.95—
Here the distribution of the slope value of fit, fitted with an 1- -
exponential function plus an efficiency function. 79
7.85—
—1 1 IIIIII| 1 1 IIIIII| 1 1 IIIIII| 1 1 IIIIII| 1 1 IIIIII| 1 1 IIIIII| 1
1 10 10° 10° 10* 10°
By
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Fit parameters for kinetic energy distribution for cluster with cluster size higher than 1

Most probable value from Landau fit of Extra Energy
Here the distribution of the most probable value, fitted with 1-

I : ) , i :
CH decreasing exponential function plus an efficiency function.
E N
g 100
2 —
=]
g —
E -
S 80—
£ = %2 I ndf 143.9/119
- const 73.22 + 5.688
50 sir Point  —1.215 % 0.07625 i from L e E
B . 0.0+ 01037 Sigma from Landau fit of Extra Energy
40— MPVopea 3211+ 558 3 29
L mid,_...  1.293 + 0.08987 % 235—
20 &Plateau 2.466 + 0.2205 @ ;
1 IIIIIII| 1 IIIIIII| 1 IIIIIII| 1 IIIIIII| 1 IIIIIII| 1 IIIIIII| 1 2?__
1 10 10° 10° 10* 10° ~ -
= / ndf 225.9/119
By 26E- %
- const 1 28.05 + 0.01336
= str Point 1 —1.874 £ 0.01751
2 1 0.4735 + 0.01088
Here the distribution of the sigma value, fitted with 1- decreasing a3k const2  0.4545 1 0.01952
exponential function plus an efficiency function. str Point 2 2.467 + 0.03376
22 12 0.6144 + 0.009515
:I IIIIIII| 1 IIIIIII| 1 IIIIIII| 1 IIIIIII| 1 IIIIIII| 1 IIIIIII| 1
1 10 107 10° 10* 10°
By
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Rt value

Here the ratio between the cluster containing a

Entries of first bin/Total entries of CISz distribution single electron and the cluster containing more than

@ 0.9 an electron.
£ B
[k}
- B
g B
= o085—
'8 — xz { ndf J7.027116
_E const 1 08779+ 00002417
= str Point 1 —0.9611+0.1144
@ 08 71 0.9319 + 0.06511
= const 2 0.535 + 0.08494
w str Point 2 —0.56 + 0.001292
2 0.9106 = 0.06632 The distribution is fitted with 1- decreasing
0.75 const 3 ”‘““55213:3“‘“3%935; exponential function plus two decreasing
_ N : :
str Point 3 97920, exponential functions.
T3 0.625 + 0.06963
0.7
_I IIIIIII| 1 IIIIIII| 1 IIIIIII| 1 1 IIIIII| 1 IIIIIIII 1 IIIIIII| 1
1 10 10° 10° 10* 10°
fry
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] ] Extra energy/CISz with cut<=35
First algorithm od

3 [ |
E 10* Extra energy/CISz with cut<=35
™ Eloss - Eizp i 2T
i m
¢ no 107 3
. i - hextraCISzCut
Eloss>0 ———» Exit i i Entries 295562
5 - Mean 22.52
l yes 107 B~ Std Dev 4.742
= 107 Underflow 0
* FEloss =0 Generate a random -
PN yes r Overflow 6
* Create a cluster with A number from 0-1 ol i Integral  2.555e+05
<«—— Eloss > Eizs —— i | Skewness -0.1655
cluster size 1 S s (rnd) ’— Kurtosis -0.9449
10°
10\ I1|2I L \1|4I 1 I1|6I L I1|8I 1 Izlﬂ\ 1 I2|2I 1 IEL'I 1 I2|6I L ‘2‘8' 1 I3|0\
1 in || Extra energy/ClISz [eV]
* Generate kinetic energy for cluster with cluster PN 0 500 300 600 800 1000
yes d . no Extra energy/CISz [eV]
size =1, following the exponential+gaus “«— md<Rt —» o _ o
. - Generate random the kinetic extra energy following distribution of extra energy
< function . ~_—

for a cluster with cluster size higher than 1 (for electron under delta rays range

'

 EXECI>(maxExECHOEXEC])

¢ Create a cluster with cluster size 1
cut)

* Subtract kinetic energy from Eloss

yes

ExECl=maxExEcl-totExECI

J o

>

yes
* Set cluster kinetic energy. — EXECI>Eloss — > EXECI=Eloss

e Create a cluster

* Subtract kinetic energy from Eloss .

A

* Cluster size= (0.83/22.15)*kinetic energy
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Second algorithm: reconstruction of number of cluster

e no
~ FEloss>(Eizp+Eizs)and | Generate cluster with cluster size equal to 1: Ncl1
Take Eloss T " :
~maxExEcl>totExECI +
and maxExEcl no
lyes =<::jfEIoss> Eizp —» Exit
Generate random the kinetic extra energy following distribution of
extra energy for a cluster with cluster size higher than 1 (for electron l yes
under delta rays range cut) « Generate random kinetic
l energy as in first try.
o * Create cluster
‘i::\\\E\XEC|>EiZS * Subtract from Eloss the kinetic
lyes energy extracted
ExECl=maxExEcl- = yes
o < EXECI>(maxExEcl-totExECI) e Number of clusters per track (Rec) —
'E F Entries 200000
E \ r Mean 11.53
l no 10 = SidDev  3.612
yes 10° ;—
> ExXECI>Eloss —» EXECI=Eloss B
10°
no -
\
Generate a cluster. 10
Subtract from Eloss, EXECI and Eizp.
1
|||||||||||||||H||||||||||||||||||||||||||||||||||

O AT

10 20 30 40 50 60 70 f IBU 90 ’
The evaluation of cluster with cluster size equal to one (Ncl1) remains the same for all the # of cluslers generale
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Second try: reconstruction of cluster size
We studied the relation between extra energy and cluster size for cluster with cluster size higher than 1 (delta rays are included).

hCorr hCorr
L] - —500( N =
G 450l hCorr G 350 pxCorr g
= Entries 303055 L | Entries 302380 e
- M 71.9 T (M 171.9 e
4005 MZ;Q; (15.285 —1400( 300: Mziﬁy 6.265 i
ssobE- StdDevx 4724 - - | StdDev 4724 3
= StdDevy  15.61 ' 250— | StdDevy 1561 o
- e C | %%/ ndf 1.419e+04 / 686 s
300 300¢ = | po 0.4862 = 0.0009 Yo }
- 200 | pt 0.03361+ 0.00001 b {
250 -
200~ 200( 150[— il
Z — 1
150 - |
= 100—
100 100¢ =
C 50—
50— C
_. -I-':-I I II :.I .I'.l'l II | | I.I | I. | | | I.l 1111 | I-I .I | |'I 111 | | | L 111 : 111 | 1111 | 1111 | 1111 | 1111 | | | 1111 | 1111 | 1111 | 1111
DD 1000 2000 3000 4000I 5000 6000 7000 8000 9000 10000 0 00 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Extra [eV)] Extra [eV]
We fit the correlation trend with a first degree polynomial and save the
parameter p0 and p1. g T hPCorrp9
= - Entries 1003
To evaluate the cluster size for cluster with more than one electron, we study * 10t Mean 01226
C Std Dev  2.614
the dispersion for different slice of extra energy up to delta rays cut range -
(1000 eV): -
(Extra energy*p1+p0)-CISz. 10E
The figure shows an example for extra energy between 900 and 1000 eV. -
. . 1:—
At the end, the cluster size is evaluated as : -] H|||
. -50 0 50 100 *150 200
(Bxtra/energy*p1+p0) minus hPCorrp->GetRandom(). (Extra’p1+po)-ClSz [6V]



Same evaluation is performed for cluster size generated by delta rays. hPCordd

3 Entries 756

£ 45 Mean 345.8

. : c : w Std Dev 282.3
We study the dispersion for different slice of extra energy above the 40
value of delta rays cut range (1000 eV): 35
(Extra energy*p1+p0)-CISz. 30
25

20
The figure shows a example for extra energy between 9 and 10 keV.

15

10

At the end, the cluster size is evaluated as : 5 WMW‘%
(Extra energy*p1+p0) minus hPCorrd->GetRandom(). 0 200 200 600 800 mw"ﬂ[{m
{Extra*p1+4p0)-ClSz [eV]
Number of electrons per cluster Rec
_ hClSzRec
hi Entries 2306641
2 10° | Mean 1.775
w Sid Dev  6.483

The result is better than the first try, besides the depression remains.

The evaluation of cluster size remains the same for all next attempts.

—
o
| 1 IIIIIII| 1 IIIIIII|

AN T IR AT S N N A A B B AN ”ihhl”””””l””‘l||||I"
50 100 150 200 250 300 350 400 450
# of electrons per cluster
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. Take the value of maxExEcl
Sixth try

Ncl1 .&<:::jrﬁ§;</I/E/xEcl>(\)\:jjj:>L,Nclp=maxExEcI/maxCut+1

4

‘\\

no  Eloss<maxExEcl+Nclp* yes Nclp-1
< P

- Eizpand Nclp>0

no

Not second

Do second check

check

v

Take convolution of double landau function

A

Nclp+1
l and evaluate the probability of the Nclp

yes no
Nclp-1 | 0 (Z:;;:::jiﬁﬁﬁ::EIoss<(maxExEcI+Nc|p*Eizp) J:ﬁﬁﬁij:::
l Evaluate the probability of the Nclp

Compare probabilities

Take convolution of the double landau.

|

Eloss-=

Nclp>0 no

(maxExEcl+Nclp* yes

no

i‘ Eizp) \\\\\\gifference at level of 35%

P S T~

<:I\{CT§£1 and maxExEcI>ma;(\'('Vfﬂit::::;i>

Estimate kinetic energy and cluster size

per cluster
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Sixth try

Estimate kinetic energy per cluster and

cluster size

Extra energy = maxExEcl
Generate Cluster size as

previous try.

Nclp
yes no
-— — Nclp>1
no
» Ncl1 =

09/02/2021

ExECl=maxEXxEcl-totExECI
totEXECI+=EXECI
Evaluate cluster size as precious

algorithm

es

Take i-th cluster of Nclp

A

no

Evaluate kinetic energy
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Sixth try tmpcut = (maxExEcl-totEXECI)/Nclp

Evaluate kinetic energy

yes

tmpcut>maxCut ——»tmpcut=maxCut

o |

!

Generate extra energy random from the two landau function from zero up to tmpcut.

yes no
mincut=0.7*(maxExEcl-totExECI-maxCut) - Nclp-1 —
/////_/ \\\ no
~_mincut>maxCut 3 N l
~_ T o totExECI+=EXxECI
yes - (maxExEcl-totExECI-
~——Y > Generate Cluster size as previous
- p
v - ExECl>maxCut
mincut=maxCut T try.
l yes
Generate extra energy random from the two
landau function from mincut up to maxCut.
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Fourth try

Entries

Entries

10*

10

10

10

10

1

Number of clusters per track (Rec)

hNClust

Mean 1
Std Dev 3

Entries 200000

1.63
642

|
0

Fifth try

10 20 30 40 50 60 70 80 90
# of clusters generated

Number of clusters per track (Rec)

hNClust

Mean

Entries 200000

12.11

Std Dev 3.808

:'::IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0
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# of clusters generated

Entries

Entries

Number of electrons

per cluster Rec

hClSzRec

Entries 2325350

10° Mean 1.753
StdDev  6.434
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10"

10° -

10° -

10 -

1EIIIIIIII|IIII|IIII|IIII|IIII|I

=]

50 100 150 200 250

Number of electrons

300 350 400 450
# of electrons per cluster

per cluster Rec

hCISzRec

Entries 2422195
Mean 1.698
Std Dev 6.231

A T T

0 50 100 150 200 250

300 350 400 450
# of electrons per cluster 3 9




We made other algorithm trying to better reproduce the cluster size distribution.

Third try: without correction

Number of clusters per track (Rec)

Number of electrons per cluster Rec

" _hNClust hCISzRec
e C Entries 200000 3 @ Entries 2197880
= ean . = ]
w Al = 10 Mean 1.828
10 E Std Dev 3.72 w E Std Dev 6.695
- 10°
10° £
i 10° B
107 s , N
104 10°
B 10
1= =
Eov oo bovv o Povv o lle v bvvnn v bvvnn by brvpn by B
0 10 20 30 40 50 60 70 80 a0 B
# of clusters generated 1 1l
—IIII|IIII|IIII|IIII|III 1 1
0 50 100 150 200 250 300 350 400 450
# of electrons per cluster
Third try: with correction
Number of clusters per track (Rec) Number of electrons per cluster Rec
hNClust a E PCISZHBC
o 0 - Entries 2388924
2 - Entries 200000 = 10° = Mean 1.762
& Mean 11.54 w 2 StdDev _ 6.367
10" Std Dev 3.758 N
- 10°
3
10°E 10°
= 3 B
10° g 10"
10°
104 i
H 10 =
1= 1
:F | | ||_| | | | | | | :IIII|IIII|IIII|IIII|IIII|II |
DI L1 |10| 11 |20| 11 |30| 11 |40| 11 ISOI 11 IBDI 11 I?ol 11 IBDI 111 | | D 50 100 150 200 250 300 350 400 450

20
# of clusters generated # of electrons per cluster 4 0



Sixth try

The sixth algorithm follows a different methodology. Indeed it uses the total kinetic energy of the event to evaluate a priori the number of cluster,

applying the most likelihood criterium.
Number of clusters per track (Rec)

60 70 80
# of clusters generated

® hNClust
g = Entries 200000
kS B Mean 11.35
Yoot StdDev 3522

10°

107

10

', H L]
:FI L1 | L1111 | | | | Lt | | | L1111 | | - | L1111 | | | | | |
0 40 50 20

10 20 30
Seventh try

Number of clusters per track (Rec)

" hNClust
2 E Entries 200000
k= - Mean 7.012
w 10t StdDev  4.026
10° g
10°
10
1
L1111 | L1111 | 1110 | | | | 1111 | | | | L1111 | L1111 | | I | | | |
0 10 20 30 40 50 60 70 80

# of clusters generated

Entries

Entries

Number of electrons per cluster Rec

hCISzRec
@ Entries 2270758
10° Mean 1.787
E StdDev  6.592
10°
10*
10°E
10°
10
'E
IIII|IIII|IIII|IIII|IIII|IIII
0 50 100 150 200 250 300 350 400 450
# of electrons per cluster
Number of electrons per cluster Rec
hCISzRec
10° Entries 1199764
E Mean 2.485
r StdDev  9.012
10°
10° ¢
10°
10°
10
1_IIII|IIII|IIII|IIII|IIII|II

S m

50 100 150 200 250 300 350 400 450
# of electrons per cluster
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Comparison of results obtained First algorithm

Number with CISz=1 of clusters per track (Gen) Number of clusters with CISz>1 per track (Gen) Number of clusters per track (Gen)

hNCI1Gen © nG hNClpGen hNClgen
8 Entries 199994 2 100 Entries 154455 3 Entries 200000
= r Mean 10.44 E Mean 1.912 = B Mean 11.96
w 10° = Std Dev 3.228 Std Dev 1.04 R TiN E Std Dev 3.458
B 10* B
107 ) 10°
E 10 F
10° 102 10°
10 10 10
1 ’J-‘ 1 1E
vov b b b by e b B b b b by e e b e b b b s L i B v bvv b v b b b bvnn o b B
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 g0 70 80 90 0 10 20 30 40 50 80 70 80 a0
# of clusters # of clusters # of clusters
Number of clusters with CISz=1 per track (Rec) Number of clusters CISz>1 per track (Rec) Number of clusters per track (Rec)
» ‘ hNCH 0 10" i hNClp - ‘hNCIust
2 Entries 199989 2 E Entries 167145 2 L Entries 200000
s, Mean 12.85 € H Mean 2.157 T L al Mean 14.69
w10t E SidDev  6.426 w I Std Dev 1.25 w 10" = StdDev  6.950
E 10* g E
10° H 10° =
E 10° 5 =
10% I 10°
H 10° -
104 ol 10
-3 15 1= ’J-‘ H
¥\I\I‘II\I‘I\Illl\l\l\Il\l\I\Il\llelHHlH\llllll\ *II\Il\ll”l‘ll\l‘IIII‘I\Illlll\lll\ll\lll‘ll\l‘I\II :FIIII‘III\ll\lll\ll\l\I\Il\l\l‘llll‘l\l’\_ll\ﬂl\|HII\
0 10 20 30 40 50 80 70 80 a0 0 10 20 30 40 50 80 70 80 90 0 10 20 30 40 50 80 70 80 a0

# of clusters # of clusters # of clusters generated
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First algorithm

Total CISz generated Number of electrons per cluster Rec
hClSzGenTot m hCISzRec
- Entries 2391778 2 :_ Entries 2937424
10° = Mean 1.705 T 408 Mean 1.424
; Std Dev 6.498 w E Std Dev 5.569
10° 10°
10* 10°
10° 10°
10° 10°
10| 10l
Bl
1111 | 1111 | | | 1111 | 1111 | L1 1 =1 1 1 | | 1111 | 1111 | 1111 | 1 111 | L 111 I| | I”” |II|| | I |||
0 50 100 150 200 250 300 350 400 450 0 100 150 200 250 300 350 400 450
# of electrons per cluster
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Second algorithm

Number with CISz=1 of clusters per track (Gen) Number of clusters with CISz>1 per track (Gen) Number of clusters per track (Gen)
w hNCI1Gen © ins hNClpGen _ hNClgen
2 Entries 199994 e 100 Entries 154455 3 Entries 200000
kS r Mean 10.44 E Mean 1.912 = B Mean 11.96
RTI = Std Dev  3.228 Std Dev 1.04 Yoot StdDev  3.458
E 10* ;
10° £ 10° =
E 10° g
10° 10? 0%
10 10 10
1 ﬂ 1 18
PN T N 1 O T T T I A co v b b b by s by By L Ly gy ?\I\I‘II\I‘I\II'I\I\'\Il\l\I\Il\lll‘ll\lll\llllll\
0 10 20 30 40 50 60 70 80 a0
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
# of clusters it of clusters #of clusters
Number of clusters with CISz=1 per track (Rec) Number of clusters CISz>1 per track (Rec) Number of clusters per track (Rec)
m hNCI1 m hNClp w” _ hNClust
2 r Entries 187919 2 E Entries 137242 2 Entries 200000
k= , Mean 9.225 b= i Mean 3.448 = [ Mean 11.53
oot SidDev  3.633 u 10 SidDev 2602 Wt SidDev 3612
10° 3 10° e 10° =
10° i3 102 - 10°
10 g— 10 4 10
15 =
: 18- 1=
:F I | ‘ | I ‘ | | Hl | I | I | I | | I | ‘ | I | | I | | | I i H H
;\I\Il\l\l‘ll\lll\ll‘III\lIIIIl\I\Il\l\l‘ll\lll\ll FIIII‘III\ll\lll\ll\l\I\Il\I\I‘IIII‘I\I\'I\I\'\II\
0 1o 2 30 4 5 60 70 80 90 0 10 20 30 40 50 80 70 80 0 10 20 30 40 50 80 70 80 90
# of clusters # of clusters # of clusters generated
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Second algorithm

Total CISz generated Number of electrons per cluster Rec
hCISzGenTot " _ hClSzRec
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Third algorithm without correction

Number with CISz=1 of clusters per track (Gen) Number of clusters with CISz>1 per track (Gen) Number of clusters per track (Gen)
" - I:uNCHGen 9 10fE hNCIpGen ” _ .hNCIgen
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Third algorithm without correction

Total CISz generated Number of electrons per cluster Rec
hCISzGenTot hClSzRec

- Entries 2391778 g - Entries 2197880
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Entries

Entries

Number with ClISz=1 of clusters per track (Gen)

hNCI1Gen
Entries 198994
r Mean 10.44
10* Std Dev 3.228
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Number of clusters with CISz=1 per track (Rec)
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10°

10

1

Entries

Number of clusters with CISz>1 per track (Gen)

hNClpGen
E Entries 154455
Mean 1.912
Std Dev 1.04

0
10*
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Third algorithm with correction

Number of clusters per track (Gen)

hNClgen
Entries 200000
B Mean 11.96
Std Dev 3.458
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Total CISz generated

hClSzGenTot
Entries 2381778
Mean 1.705

Sid Dev 6.498

=
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Third algorithm with correction

Number of electrons per cluster Rec

hClSzRec
L Entries 2388924
— Mean 1.762
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Entries

Entries

Number with ClISz=1 of clusters per track (Gen)

hNCI1Gen
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r Mean 10.44
10° = Std Dev 3.228
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Number of clusters with CISz>1 per track (Gen)

hNClpGen
E Entries 154455
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Std Dev 1.04
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Fifth algorithm

Number of clusters per track (Gen)
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Fifth algorithm

Total CISz generated Number of electrons per cluster Rec
- h{‘}ISzGenTot hCISzRec
- Entries 2391778 E r Entries 2422185
10° = Mean 1.705 £ 10° — Mean 1.698
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Sixth algorithm

Entries

Entries

Number with CISz=1 of clusters per track (Gen)

hNCH Gen
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Number of clusters with CISz>1 per track (Gen)
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Sixth algorithm

Total CISz generated Number of electrons per cluster Rec
hClSzGenTot " _ hClSzRec
- Entries 2331778 2 - Entries 2272002
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Physics list for geant4

The physics list is “QGSP_BERT” with
G4EmStandardPhysics_option3(),
G4EmExtraPhysics(), G4DecayPhysics(),G4EmLowEPPhysics ().
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