PMT Signal Simulation

Mariana Lima Migliorini
Universidade Federal de Juiz de Fora (UFJF)

with Davide Pinci (INFN-Romal) and Rafael A. Nobrega (UFJF)

May 4, 2020

Aﬁjf



I —————————— I

Summary

(1 PMT signal simulation - description (development on going)
] Examples using physics dataset
(] Conclusions and next steps
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PMT signal simulation
on going
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Simulation block diagram
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Data from physics simulation

RTINS — /‘{ ‘1\«‘/\ \
D SRIM SimUIation ﬁles from SRIM team -" vortearoror [P candt "?—' M,f’ \w\mw
SRecoil Cluster, X (m) Y (um) +°Z (m) Energy Loss (keV)_
0. 1 1 50.005507 -0.001011 - 0.000843 0.15760 -
1 1 2 .0.007609 -0.004502 5-0.000353 0.14330
2" 1 3 0.014405 -0.007826 * -0.001484 0.17150 |
3 1 4" 0.018021 -0.0105905 0.000364 0.12150 0 Input parameters:
45 1 5:0.019184 -0.012940 7 -0.006842 0.19540 Q Recoil and clusters indexes:;
B 1 6 " 0.013007 -0.010070 . -0.009480 0.16984 . . . .
65 2 1. 0.003862 -0.0001985 0.000070 0.06820 g [E)IStanCi In Z-axis;
; G 2 1 50.008488 -0.000825 " -0.000575 0.10180 . nergy Loss.
8 2 2" 0.011447 -0.001160 - -0.007736 0.33780
9" 2 3:0.012044 -0.001120 * -0.019790 0.18040 '
10- 2 470007692 -0.001706 ":0.019310 0.23073:'
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Conversion factor and Monte-Carlo for dispersions
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Noise

(d Number of produced electrons: 1e-/40eV;
d Time of arrival on the GEM with drift velocity of 5 cm/us;

J Longitudinal dispersion:
or = 5=+/110pum x Z

' Signal amplitude using calibration factor of 0.66 mV/e-;
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Particle Parameters

Generated particle for testing

---------

Recoil Cluster X Y Z Energy Loss Electrons Created Time of Arrival Dispersion S—— CZ,';\{::'S" . oo f/‘»\/ \w\w
0 1.0 1 12 00 1.10 0.16 4 22 6.957011 smisien | 7| MerieCero o -P generaten M/“ \‘mw
1 1.0 2 20 00 155 0.32 8 31 8.258329 e . '
2 1.0 3 27 00 215 0.08 2 43 0726253 .
3 1.0 4 33 00 250 0.24 6 50  10.488088
4 1.0 5 40 00 295 0.32 8 59  11.392980
5 1.0 6 50 00 375 0.32 8 75  12.845233
6 1.0 7 53 00 410 0.20 5 82  13.431307
7 1.0 8 64 00 475 0.12 3 95  14.456832
8 1.0 9 70 00 540 0.12 3 108 15.414279

Z (mm)

d X,Yand Zin mm;
A Energy Loss in keV;
A Time of arrival and dispersion in ns;
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Signal Generation

---------

J Signal modeling: =
A Gaussian signal with FDHM of 11 ns;

d Mean centered according to the time of arrival of the respective cluster +
time of dispersion calculated for each electron;

A Peak amplitude of 0.66 mV/e- and dispersion of 10% were considered.
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Signal Generation
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Signal Generation
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Signal Generation (noise addition)

 Adding noise signal

(d By now using White Gaussian Noise process. carre
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Examples using physics dataset
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Examples using physics dataset

Steps using physics dataset

 For each simulated dataset:
A The first recoil was selected;
1 Adopted distance from the GEM was around 10 cm;

[ Conversion factors and dispersions were calculated;
d Same noise process for all examples;
d Sample rate: 0.4 ns/sample.
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Examples using physics dataset

Produced signals for 1 keV to 10 keV

Amplitude (mV)

—0.5

Amplitude (mV)

He 1 keV

3.5

3.0

2.54

2.0

1.5

1.0

0.54

0.0

1800

1850

1900

1950

2000
Time (ns)

He 6 keV

2050

2100

2150

2200

1800 1850

04/05/20

1900

1950

2000
Time (ns)

2050

2100

2150

2200

Time (ns)

14

He 3 keV
7.
6_
= 359
E
@ 4
=}
2
531
£
<< 2 |
14
O.
1800 1850 1900 1950 2000 2050 2100 2150 2200
Time (ns)
He 10 keV
20
— 151
>
E
(5]
=}
= 109
=y
£
<
5A
[o .t . e s
1800 1850 1900 1950 2000 2050 2100 2150 2200




Examples using physics dataset

Produced signals for 30 keV to 100 keV
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Conclusions and next steps

L Parameters currently being used by the algorithm:

e /Z axis

e Energy loss converted to a number of electrons
e Time of arrival + dispersion

e PMT signal shape

e Noise

 To be improved or included:
e |[nput parameters
— PMT signal shape
— Check conversion factors: 1e-/40eV, 0.66 mV/e-, etc
e Include DAQ parameters as:
— Sampling rate and amplitude resolution

O Suggestions??
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