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Simulation technique - I

GARFIELD is too time demanding to simulate the full triple-GEM
signal formation due to a ionizing particle > divide the
simulation into 3 parts:

Primary
ionization

Triple-GEM simulation

Drift GEM
properties properties

The 3 topics are indipendent, then we can study them separately



Primary 1onization - I

GOAL — parametrize the number & position of primary/
secondary electrons produced in the drift gas

. The ionizing particle interacts with the gas and create primary
electrons

. If their enerqy is sufficient, each primary electron can create
secondary electrons:

— we assume that the position of the secondary electrons is
the same of the primary one

— We call this agglomerate of electrons “electron cluster”
\,zc‘
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Primary ionization - II

We need [from GARFIELD]
e # of electrons generated in the Drift gap

e Their generation position

They depend on:
* gas mixture
e particle momentum

e particle path

—
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Primary ionization - II

We need [from GARFIELD]
e # of electrons generated in the Drift gap

e Their generation position

They depend on: We use:

* 2as mixture * Argon:C,H,,

e particle momentum e 1GeV/c

e particle path e (For now) only orthogonal
tracks

—
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Primary ionization - II

We need [from GARFIELD]
e # of electrons generated in the drift gap

e Their generation position

They depend on: We use:
* as mixture > o Argon:iC,H

& 3 FERSTY . iE jdx
e particle momentum e 1GeV/c Bl

e particle path . : OZonal

Same distribution of energy loss /simulated track



Note on the primary ionization

For now, the dE/dx of the track is simulated

. ELOSS = # totall'! electrons x mean energy needed to create
an electron-~ion pair
[*]

primary + secondary

In the final version of the digitization, the energy loss will be
input from GEANTA4...

...we will take care of this later
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Primary ionization - III

Number
of
clusters

Primary ionization

Number
of electrons
inside a
cluster

The 2 topics are indipendent, then we can study them separately
\2(
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Drift properties - I

. Given an clectron generated in the Drift gap, we have to
know its final position and time on the anode

. We have three types of gas region:
— Drift
— Transfer

— Induction
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Software Meeting 2017-03~-30 -~ LL/RF/LW ;?‘\ 10



Drift properties - II

Drift properties

Transfer Induction

The 3 topics are indipendent, then we can study them separately
\2(
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GEM properties - I

. Each electron crossing a GEM plane generates an avalanche, if
it does not fall on the electrodes

. The gain depends on the applied HV: in this simulation we use
HV = 270V/GEM

. The capability of an electron to pass on the other side of the
GEM plane depends on the applied ficlds in Transfer and
Induction gaps

. The gain of each GEM shows a Landau distribution

. Only the first GEM gain fluctuation influences the distribution
at anode. We can consider a mean value for the gain in GEM2
and GEM3
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GEM properties - II

Trasparency

GEM properties

The 2 topics are indipendent, then we can study them separately
\2(
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L.

Digitization ingredients

# generated electron clusters

2. # electrons inside a cluster

3. Spatial shift in the Drift gap
4.
5
s
7

Spatial shift in the Transfer gap

. Spatial shift in the Induction gap
. GEMT trasparency
. GEMI1 gain
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£ = Digitization ingredients

-
From GARFIELD
1. # generated electron clusters
2. # electrons inside a cluster p tracks
3. Spatial shift in the Drift gap e- drift in the DG
4. Spatial shift in the Transfer gap e- drift in the TG
5. Spatial shift in the Induction gap ¢~ drift in the IG
6. GEMI trasparency
7. GEMI gain e- avalanche in a GEM
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Digitization recipe

o) Gener ate the electron clusters

the # electrons inside the cluster

) Generoade
c) Sumudate the gain

d) Oobtoirv the final positl
taking into account the smearing and displace

on of each electron
ment

—
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Preparation to step a)

Generafte the electron clusters

The generation of the electron clusters is a Poisson process

—> sample from an exponential probability:
p(dz)=A* N * exp(-N * dz)

where N = mean # clusters in Smm of Ar:iC,H,,

|anIt Number of collision

Fit_Poisson
Entries 10000
Mean 16.78 . . .
Sta Do el An exponential probability gives the
Prob 0

B omosssssens || AZ between two consecutive clusters.
p1 17.24 + 0.00 . . . .

The z position is incremented after
each cluster and when > bmm the

GARFIELD loop stops
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Check of the step a)

GARFIELD

Number of collision

OUR SIMULATION

number of clusters in 0.5 cm

Fit_Poisson
1000__ Entries 10000 i hnofcluster
L Mean 16.78 100 N Entries 1000
- Std Dev 4137 L Mean 18.19
800— 2 ¢ ndf 7172/ 30 L Ezkj nDc?tv " 6;?52::;
r Prob 0 BO— E
[ po 1.004e+04 + 3.843e+00 o Prob 0.7954
L p1 17.24 £ 0.00 F po 978.9 + 31.3
600— L p1 18.69 + 0.13
L sol—
- Number of clusters .t
. < 7 L
200— ol
pblef 11 Lol r
0 5 30 35 40 45 50 ) TRUWE FUWE SUwEL D)
distance between clusters
hdelta
h_delta h delta 3000 b Entries 17189
14000~ Entries 157836 Mean g-gﬁz
Mean 0.02721 Std Dav I
12000 Std Dev 0.02702 2500t ¥iindf 6069/ 41
- %2/ ndf 126.1/98 Prab 0.02436
r Prob 0.0293 1 Constant 8.111£0.011
10000 — Constant  9.583 + 0.004 1 b . - ATTED
. Somsant o s andlZ. between consecutive clusters zoof Sope 38812029
8000 — < > [
B 1500
6000|— X
4000/~ 1000
2000 [
C 500
r ‘ . :
% 0.05 0.1 0.15 0.2 0.25 -
%
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Preparation to step b)

Generate the number of electrons inside the cluster

Number of electron/collision

Number of electron/collision Number of electron/collision

GARFIELD

r[llr[rrl[r.|||\||1T1111T[[ri
=3

P
>
=
e
-
c

B & 8 8

= n re @
g: =] =] =3 =3
TTT T T T[T T T[T T[T T T[T T T TTT

s B & 8 B 3 B B

Range 1-25
- We have recorded the probability in [1, 100]

Range 2-20 Range 20-100

We use:

e the simulation discrete value between in [1, 20]

e the sampled value from the Landau fit in [21, 100]
Approximation: # clectron limit set to 100.
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Check of the step b)

GARFIELD OUR SIMULATION

Number of electron/collision number of secondary electron in each cluster

%10 __h C hnotfsec
- Ertries 167836 16000 F—
140{— Mean 1.721 C Enrless 17830
E StdDev 2689 14000 :_ Mean 1,625
120:_ ! EDUI'_'If— SidDev 2.
100— C
- 10000 -
m;— 8000 f—
60— 6000 f—
40— 4000 f_
ggf_ 2000 f—
ﬂ_'_!_‘? v = N — 0 e
Number of electrons
inside a cluster
- Nl 20
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Preparation to step c)
Simulate the gezin

. To evaluate the gain and the frasparency we simulate an
electron avalanche from 150 um before GEM1 to 150 um after
GEM1

. The number of generated electrons has two behaviors:

— a peak at the values 0, 1, 2, 3,4, 5
— For gains > 5 = Landau shape

. We consider the electron inefficient if the gain is below 5 =

transparency = #efficient electrons / #total electrons

\z(‘
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.. I
Inefficient ; GAIN
900 | h 5
800;— I GARFIELD Entries 3800
7003_ I Mean 2.31 4
= Std Dev 3.701
600— |
500%— I .. 30
ook | Efficient
- | 20
300; :
2005— I
100;— |
N L I I R R R °

Preparation to step c)

Range 1 ~ 20

10—

II\I|I1'-..LI|\III|II\I|IIII|

Efficient

GARFIELD

h
Entries 2845
Mean 123.7
Std Dev 72.66
¥/ ndf 82.94 /95
Prob 0.8068
Constant 2355170
MPV 81.82+2.14
Sigma 43.23 £ 1.61

L=]

50 T00

Range O -

1 |150| -

Measured trasparency = 74.5 %

|200| [

300
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Step ¢)

. The electrons that survive to the GEMI1 (given by the
transparency) are amplified

. The gain of the GEM1 is sampled from a Landau

. For GEM2 and GEMS3 the gain is set constant because the
fluctuations there are not important

. We currently use a low gain value in GEM2Z and GEM3
otherwise it takes too much time

\z(‘
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Check of the step c¢)

GARFIELD OUR SIMULATION

GEM1 gain
h_gain
h [ Entries 12740
h Mean 120.7
Entries 2845 200 Std Dew T9.06
gaag ;’336; - %2 ¢ ndf 6.2/ 47
ev ) i
%/ ndf 82.94 /95 ] zrﬂb 1 ?59‘:&3;: 32
Prob 0.8068 250 - onstant = p7.
Constant 2355+7.0 - MPW a0.55+ 1.06
MPV 81.82+2.14 B Sigma 43,22+ 0.82
Sigma 43.23 +1.61 GEMl gain 200 - -

150

100

III\!IT‘-..J__III\II‘IIII|IIII|

1 1 | | 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
100 180 200 250 300 0 50 100 150 200 250 300

f=]
w
(=]
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Preparation to step d)
Get the final posifion of each electron

To obtain the complete transport from the Drift gap to the

anode we simulate the entire triple-GEM (no empty steps) in
separate stages.

The shift depends:

lin the Drift gap] on the z of the electron cluster generation. Its drift
is simulated to 150 um after GEM1 to consider the displacement due
to the passage through the GEM hole

lin the Transfer gap] NOT on z of the cluster. The electrons drift
from 150 um after GEM1 to 150 um after GEMZ to consider the
displacement due to the passage in the GEM hole

[in the Induction gap] =2 same as TG
e
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Preparation to step d)

DRIFT GAP TRASFER GAP INDUCTION

T F 2.902e-05/8 h 2000
S & Prob 1 C Entries 7768 C Entries 44934
016~ PO 0.1699 + 0.001203 300 Mean 0.03775 | 1800 Mean 0.02918
“ F pi -0.3177 +0.003812 u Std Dev 0.01746 o Std Dev 0.02258
014 B 22/ ndt 53.34/66 | 1600 ¥/ ndf 2323/89
F 2501~ Prob 0.8692 = Prob 0
0.121— F Constant 3203+45 | 1400 Constant 1889£ 116
E c Mean  0.08775 +0.00020 E Mean  0.02559 +0.00008
01— 2001 Sigma 0.0178+0.0001 | 1200 Sigma_ 0.01576 + 0.00006
F r 1000
.08 1501 E
E u 800[—
0.06 - : E
c 100[— 600—
0.04— _ B
C C 400—
L 50— C
0'02:_ F 200(—
0 ol e e 1 ol
0 S o 004 002 0 002 004 006 008 01 012 —0.04 002 0 002 004 006 008 01 012
zZ[cm
hift DG(z) + 2*shift_TG + shift_IG
S Z S S
Sigma
_ %2 7 ndf 5587607 /7
B-03— Prob 1
£ [ po 0.02887 + 0.0002731
“C p1 -0.009433 + 0.002306
8.025 — p2 —0.05734 + 0.004064
0.02—
0.015
0.01—
C Cl e e e Ly N
0 0.1 0.2 0.3 0.4 0.5

z [cm]

o_shift(z)= V[0, pa(@ ? + 2%, 1c@? + 0, ()]
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Step d)

Generate a random Gauss number around p_shift (z) and
smear it by o_shift (z) for each clectron

\zr
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now ook everytitng together
at 180°C for 20 minutes using
1k stmulations ...
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charge distribution @ anode

h3
hi h2
ho 35000— h3
250001 h1 30000— = Entries 60768
L i r Enties 60732 C
N Entries 60588 : I 30000(— Mean 01776
r Mean 0.195 25000[— Mean 0.1869 F Std Dev 0.03784
20000 — Std Dev  0.05881 C Std Dev 0.04422 250001—
C 20000— £
C - 20000
15000— F E
r 15000— 15000{—
10000— C o
r 10000{— 10000 —
5000/ 5000— E r
C C T B PP S T AN B AT IR |
[ AR E AR BN el BV I BRI AP RS N B B [ D bz i o ¢1 02 03 04 05 06 OF
L 0 01 02 03 0.4 L a—y 0 0. 0.2 03 0.4 05 06 07
h5
ha = h5
F h4 S0000E" Erties 188388
25000 — Entries 48636 80000— Mean  0.1835
. Mean 0.2016 mooo; Std Dev  0.06308
- Std Dev 0.03552 E
20000 — 60000
r 50000 —
15000 — E
r 40000—
10000 30000—
C 20000—
50001— 10000
F Bt b b b b Lo b L L |
’|\.—h\1\\\\ 'y -
L 0 01 02 03 04 05 06 0.7
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Next to do

Simulation of the signhal formation on the anode

e Maxwell?

e APV simulation on 1° step

e Interact with the TIGER group for eventual electronics
uTPC reconstruction

Noise (info from testbeams)

Charge threshold

Test on tracks (@ different angles

Tune the simulation with testbeam results

Use dE/dx from Geant4 as input

\z(‘
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Next to do

Simulation of the signal formation on the anode (1)

e Maxwell?

e APV simulation on 1° step

e Interact with the TIGER group for eventual electronics
UWTPC reconstruction (1)

Noise (info from testbeams)

Charge threshold

Test on tracks (@ different angles

Tune the simulation with testbeam results (1)

Use dE/dx from Geant4 as input

Anything else? IMPORTANT — deadline may 2017
\z I
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spare

\z(

Software Meeting 2017-03~-30 -~ LL/RF/LW ;‘?‘\ 32



X position

250 run
Shift Sigma shift
— 2 / ndf 7.954 /38 _
:50 18 - Prob 1 E ¥2 / ndf 64.25 / 37
= pO 0.1693 + 0.0004481 £ | Prob 0.003606
“0.16 pi -0.3241+ 0.001473 @0.05 1 PO 0.0291 + 0.0002671
- e 4 p1 -0.01371+ 0.002102
0.14— 1 p2 -0.05455 + 0.003662
C 0.04 &
0.12 — :
0.1— i
C 0.03 &
0.08— I
0.06 - 0.02—
0.04— i
0.02- 0.01—
0_ | B 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1
0 0 0.1 0.2 0.3 0.4
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time of arrival on anode

Time Sigma time
— — e x?/ ndf 57.29/ 37
2160 7 ndf 0.8811/36 2 50 Prob 0.01776
ol 00 154.3 £ 0.07496 £ PO 4.012 0.03759
=140— b1 2887 +0.7117 o a5 p1 -2.574 £ 0.3054
- p2 4256 +1.416 p2 -3.477 + 0.5421
120(—
N 4
100— -
C 35
80— -
N 3
60— C
40 :_ 25 :—
20— 2~
_ 1 1 1 1 | L : 1 1 1
% 0.1 0.2 0.3 0.4 05 0 0.1 0.2 0.3 0.4
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drift velocity

Velocity Sigma velocity
. w27 ndf 55.92/34
@ = FIndr 0.001053 7 33 i C Prob 0.01034
= rC Prob i = L p0 0.08496 + 0.001846
€ 38— o 6.7764 b zass .35 p1 (12255 + 0.04656
sk : Looms §°F = 28152 0269
275 o et e L p4 / .57.47 £ 3.108
k=] - P 2555 = 1.732 © 0.3— p5 62.55 + 3.318
@ — -
= 3.7 :— -
3.65— 0.25—
3.6/— 02—
355 -
= 0.15—
3.5— C
3.45 0.1
34 1 I Lo L1 I oo I I 1 : L [ oy L T o L [ |
0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5
z [cm] z [cm]

(x_anode — x_generation)

|[HERE] V_drift =

(t_arrival — t_generation)
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