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Why? )\

 Wanted: flexible simulation software, that
...allowed to test different simulation models

...allow parametrized detector models
...would facilitate usage of precise electric fields ‘n

* Developed new software within CLICdp collaboration
* Understand prototypes, optimize designs for future sensors

* Simulate SOIl, HVCMOS, capacitively coupled hybrids, ...

* Decided to start from scratch, based on established ideas:
* AllPix - Geant4 for deposition, parametrized detector models

* PixelAV - Charge propagation with Runge-Kutta-Fehlberg
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The Allpix Squared Framework 2

* Written in modern C++ 4 Allpix Squared coe ) Modules
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Module Instantiation Logic
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Unique modules kwith sensor material)
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Noise, threshold,
° ADC response
Plug & play Conce pt User Interface -
Logging é Simulation Output D
Configuration Parsing ) Storage of objects,
\ / L history & MC truth :

* [O using ROOT TTrees
4R
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[AL1Pix]
log level = "INFO" CERN
number of events = 500000 \

i we Configuration 2

[GeometryBuilderGeant4]

world material = "air" c .
o * Framework configured by one file
phyiics_list = FTFP_BERT LIV . . .
particle type = "Pi+" e List modulesin order of execution

number of particles =1
beam energy = 120GeV

* Key-value pairs in TOML-style

[ElectricFieldReader]
model="Tinear"

bias voltage=150V
depletion voltage=50V

[GenericPropagation] ® Support fOr phySical UnitS

temperature = 293K
charge per step = 10

spatial precision = 0.0025un * Never wonder again, what units are
timestep max = 0.5ns
used - type them out!

[SimpleTransfer]

[DefaultDigitizer] e Automatic conversion to internal

adc_resolution = 4

adc slope = 1000 a
: units

[DetectorHistogrammer]
name = "telescopel"
file name = "telescopel histograms.root"

[ROOTObjectWriter]

file name = "simulation data.root" ‘h
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https://github.com/toml-lang/toml

Detector Models e ®)

number of pixels = 256 256
pixel size = 55um 55um

* Available detector types sensor_thickness = 300un

chip thickness = 700um

* Monolithic detectors

* Hybrid detectors w/ bump bonds [support]

thickness = 1.76mm

* Easy configuration through model files
* Giveitaname, decide on the type

* Set detector parameters

* Some models shipped with the framework:

ATLAS FE-I13, FE-14, CMS PSI46/dig, Medipix3,
Timepix3, CLICpix, CLICpix2, Mimosa23, Mimosa26
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CER/W
\

N, S

Experimental Setup

position = @mm Omm 10mm
orientation = -15deg 12deg 8deg

Set of detectors with model type,
position and orientation
[telescopel]
type = “Eimepix"
position = Omm Omm 150mm

orientation = 9deg 180deg 0deg
alignment precision position = 50um 50um 1mm

! i

! iy
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Setting up the Simulation Chain 2)

~ - — — ) N
( All detectors ( Detector 1 ) All detectors B ( Detector 1 ) Detector 1 Detector 1 Detector 1 All detectors I
1 > AN AN PR . >»
Construction o f th 1 L field 7| Charge dep 71 Proj harg 1T f harg . Digitisatiol n ~ Monitorin g
Geant4 geometr y with Gi 4 histogram
J S et Y N —

Allows to quickly plug together simple simulations...
(start from examples shipped in the repository)

4R
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Setting up the Simulation Chain

' All detectors I

Construction of the
Geant4 geometry

Detector 1

Linear e-field
M —

Detector 2

Linear e-field
— e/

Detector 3

Electric field from
TCAD simulation

—

l All detectors |

Charge deposition
with Geant4

|

Detector 1

Project charges

|

Detector 2

Project charges

H

Detector 3

CERN

Drift-diffusion
simulation

|

D ——
Detector 1 Detector 1
il
Transfer charges Digitisation
—_—/ \——
D ——
Detector 2 Detector 2
A9
¥
Transfer charge Digitisation
— e/ \—
N N
Detector 3 Detector 3
Capacitive coup- > Digitisation with
ling to RO chip threshold A
—/
Detector 3
Digitisation with
threshold B
——/

All detectors

A
7”1 Write simulation
results to file

Detector 3

Monitoring
histograms

Detector 3

...as well as more involved simulations
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Monitoring
histograms
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Electric Fields | ﬂl

— 12000

z (mm)

— 10000

Option 1: Linear electric field

— 8000

* Good approximation for
thick, planar sensors

6000
4000

2000

* Defined by depletion + bias voltage

5000

Option 2: Electric field from TCAD &

* Detailed e-static simulation,
drift along field lines

4000

3000

° undepleted

e TCAD DF-ISE Mesh Converter

2000

1000
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Charge Deposition: Geant4 )

* Dependency on Geant4 only on module level
* Framework can be built without Geant4

* Geant4 interaction abstracted by module

* Define particle type (name or PDG code)

* Beam energy, position, direction, size
* # of particles / event

* Select physics list,
possibly enable PAI

* BeamOn called for every particle
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Charge Propagation 2

* Pick up deposited charge carriers, transport to implants
* Option 1: Projection
* Project charges on implant side, adding diffusion

* Only for linear fields, integrating

* Option 2: Drift-Diffusion model

* Drift alongfield lines using
4th order Runge-Kutta-
Fehlberg method

38
4.05 383‘%%

y(mm) *

particle at 45° angle

* Transient information available drift paths of electrons & holes

W projection along trajectory ‘h
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Digitization

Simulation of readout chip circuitry

in several stages:

e Electronics noise

* Amplifier gain & gain smearing

* Threshold & smearing

* ADC resolution & smearing

* ADC calibration (currently: linear)

Monitoring plots for each step produced

Simon Spannagel - Allpix Squared

pixel charge w/ el. noise

pixel charge [ke]

pixel charge above threshold

pixel charge [ke]

pixel charge after ADC
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Data Storage

* Different output writers available

* Native format: ROOT files with all objects
* Also contains detectors & sim. parameters

* Full framework configuration can be
reconstructed from single data file

* ROOTODbject reader replays data from file
* Simulate deposition & propagation once

* Read data from file and quickly repeat final
digitization step with different parameters

14 Simon Spannagel - Allpix Squared

a ROOT Files
Elﬂg data.root

D Process|Do;1

=15 config: 1

----- D GeometryBullderGeant4; i

----- ([ DepostionGeant4; 1

E§|---|:| ElecticFieldReader.detactar ;1
----- I EecncFedReaderdetector?: 1
----- D GenencPropagation:detectori ;1
----- |:| GenencPropagation:detectorz; 1
----- |:| SimpleTransferdetectort ;1

----- |:| Simple Transferdetector?; 1
[—]a DefaulDigitizerdetector ;1

----- D adc_offset;1

----- D adc_resolution;1

----- D ade_shope;1

----- D adc_smeanng; |

----- D deny_overwe; 1

----- D electronics_nokse; 1

..... D gain; 1

----- D qgaln_smearnng; 1

----- [ Jmput;

----- D output; |

----- D output_plots; T

----- D output_plots_bins;1

----- D output_plots_scale;1

----- D threshaold; 1

----- D threshold_smeanng; 1

----- D DefaulDigiizerdetector?; 1

----- |:| DetectorHistogrammer.detecton ;1

----- |:| DetectorHistogrammer.detecton?; 1
..... [ roOTODECWEr: 1
([ detectors; 1
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Validation — Work in Progress i

* CLICdp Timepix3 Telescope + DUT: 100um planar sensor

* “simply” simulate device with parameters taken from data

* Bias/depletion voltages, temperature, threshold

e Reconstruction with same cuts & corrections

1 S RER R TR e B O 0l T 5 T S e LAY FTR. LN LS (NS SRR, Y [ SRR T

it = E cLiCdp el Bl ellerE = .

107 3 0.008 |- . = : - : <, .

g . E : work in progress - workin progress :

102 ¢ - - : : o :, :

0.006 | Ui .3 :

108 & i 3 K [ ;o ]

i g 1 0.004 0.02 % i

102 5 —clicdp =y, ; : s \ :

10-5 - workin progress :f 0.002 0.01F 5 P =l

e i i i _ % :

10_6 """"""" | 0 I 0 _*‘.: . i S e .&_.ﬁ__."
0 5 10 15 0 5000 10000 15000 20000 e i iy ey

Cluster charge (e)

Cluster size Residual (mm)

Data / Allpix’ 4R
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Documentation & Manuals

* Extensive User Manual ~115 pages (PDF/TeX

Allpix2 User Manual

Koen Wolters (koen.wolters@cern.ch)

imon Spannagel (simon.spannagel@cern.ch)
Daniel Hynds (daniel. hynds@cern.ch)

January 11, 2018
Version v1.1.0

* Well-documented code (Doxygen

* Module documentation (Markdown)
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https://project-allpix-squared.web.cern.ch/project-allpix-squared/usermanual/allpix-manual.pdf
https://cern.ch/allpix-squared/usermanual/allpix-manual.pdf

Continuous Integration & Testing ‘y‘ e
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Summary & Outlook %)

* Generic, modular framework to simulate pixel detectors
* Reads TCAD e-fields, implements drift-diffusion model

* Modern, documented code & extensive user manual

* First comparisons for validation with test beam data

* Version 1.1 released recently
* New module, many improvements to framework

* Check release notes for details
https://cern.ch/allpix-squared/post/2018-01-12-allpix-squared-1.1-released/

* Welcoming contributions
AR
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https://cern.ch/allpix-squared/post/2018-01-12-allpix-squared-1.1-released/

Resources Ql

‘ Website

https://cern.ch/allpix-squared

V Repository
https://gitlab.cern.ch/allpix-squared/allpix-squared

DL Mailing Lists:
* A HpiX-Sq uared-users https://e-groups.cern.ch/e-groups/Egroup.do?egroupld=10262858

e all P iX-Sq uared-develo PEIS https://e-groups.cern.ch/e-groups/Egroup.do?egroupld=10273730

User Manual:
https://cern.ch/allpix-squared/usermanual/allpix-manual.pdf

23/01/2018 ﬁb
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Automatic Detector Misalignment <)

e Artifacts in reconstructed simulation residuals

* From pixel-perfect alignment, cured by misaligning detectors

* New parameters for detectors:

alignment precision position = O.1mm ©O.1lmm 1lmm

alignment precision orientation = 0.ldeg 1.3deg 2deg

* To be added in detectors file for each detector individually
* Parameters define Gaussian width to draw shifts from
* Reproducible misalignments:

e Setrandom_seed_core to known value
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Reconstruction 2

* Framework allows to simulate full setup, not only DUT
* Beam telescopes, source measurements...

* Possible to use different methods
* Precise simulationin DUT

* More coarse simulation for telescope planes

8 250 _:-::. — F I LR I E
o : 50000 F -
S 200 - ]
o . 40000 | 3
> 150 : .
© 1 30000 | -
S 100 : :
= 1 20000 -
50 E 10000 3

O X A i O i —_——
0 50 100 150 200 250 20 25 30
local y v?/ndof
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Monte Carlo Truth Information

e Monte Carlo Truth information available

* Entry & exit point of primary and secondary particles

* Compare tracks reconstructed from telescope simulation
with MC truth

30000

20000 |

10000

23

= I T T T | T T T | T L [REE | RS I

[ cLICdp
- work in progress

| 1 1 1 | 1

P A N TN RN R RIS TR
-0.02 O 0.02 0.04
Residual (mm)

—-0.04
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002 O 0.02

0.04
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Module Tests

Test project /builds/simonspa/allpix-squared/build

1/18

2/18
3/18

4/18

5/18
6/18
7/18

8/18
9/18
10/18
11/18

12/18
13/18
14/18

15/18
16/18
17/18
18/18

Start 15:
Start 3:

Start
Start

test_modules/test_08-1_writer_root.conf

test_modules/test_01_geobuilder.conf

4: test_modules/test_02-1_electricfield_linear.conf
5: test_modules/test_02-2_electricfield_init.conf

Test #4:
Start 6:
Test #3:
Test #5:
Start 7:
Start 8:
Test #15:
Start 9:
Test #6:
Test #8:
Test #7:
Start 10:
Start 11:
Start 12:
Test #12:
Test #9:
Test #10:
Test #11:
Start 13:
Start 14:
Start 16:
Start 17:
Test #13:
Test #17:
Test #14:
Start 18:
Start 19:
Start 20:
Test #16:
Test #20:
Test #18:
Test #19:

test_modules/test_02-1_electricfield_linear.conf .....

test_modules/test_03-1_deposition.conf

test_modules/test_01_geobuilder.conf .................

test_modules/test_02-2_electricfield_init.conf .......

test_modules/test_03—2_deposition_mc.conf

test_modules/test_04-1_propagation_project.conf

test_modules/test_08-1_writer_root.conf ..............

test_modules/test_04-2_propagation_generic.conf

test_modules/test_03-1_deposition.conf ...............
test_modules/test_04-1_propagation_project.conf ......

test_modules/test_03—2_deposition_mc.conf ............

test_modules/test_05_transfer_simple.conf
test_modules/test_06-1_digitization_charge.conf

test_modules/test_06-2_digitization_adc.conf

test_modules/test_06-2_digitization_adc.conf .........
test_modules/test_04-2_propagation_generic.conf ......
test_modules/test_OS_transfer_simple.conf ............

test_modules/test_06-1_digitization_charge.conf ......

test_modules/test_OG—S_digitization_gain‘conf
test_modules/test_07_histogramming.conf
test_modules/test_08-2_writer_rce.conf

test_modules/test_08-3_writer_lcio.conf

test_modules/test_06-3_digitization_gain.conf ........
test_modules/test_08-3_writer_lcio.conf ..............

test_modules/test_O?_histogramming.conf ..............

test_modules/test_08-4_writer_corryvreckan.conf
test_modules/test_08-5_writer_corryvreckan_mc.conf

test_modules/test_09_reader_root.conf

test_modules/test_08-2_writer_rce.conf ...............
test_modules/test_09_reader_root.conf ................
test_modules/test_08-4_writer_corryvreckan.conf ......

test_modules/test_08-5_writer_corryvreckan_mc.conf ...

100% tests passed, O tests failed out of 18

24
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Passed

Passed

Passed

Passed

Passed
Passed

Passed

Passed
Passed
Passed

Passed

Passed
Passed

Passed

Passed
Passed
Passed

Passed

=

w w b w

w w w

w w O B»

.10

.30
.40

.67

.27
.07
.11

.65
.20
.68
.68

LT7
LT7
LT7

.18
.92
.69
.69

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

CERN

* Tests for every module

* Fixed random seed

* Reproduces same output

* Matching regular expressions

* Single change (1e difference
fails the Ci

* Invaluable for monitoring
framework

* Catchingissues before
merging code

4B
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Adding New Unit Tests ®)

* Very simple: only requires configuration file!
* Regular expression defines test condition

* More elaborate description to be found in the user manual

[Allpix]

detectors file = "detector rotate misaligned.conf"
log level = "TRACE"

number of events = 0

random seed = 0

random seed core = 0

[ GeometryBuilderGeant4]

AN
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