Exercise #20

Monte Carlo Simulations of Silicon
Pixel Detectors
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Particle Detection In Silicon Sensors

t Stage 1 Stage 2 Stage 3 Stage 4
Energy Charge Signal Digitization
X Deposition Transport Transfer

detector
readout

incident

radiation AC/DC 0111010010100101

CREMLINplus | 22.02.2022 | Exercise #20: Monte-Carlo Simulation of Silicon Detectors 2



Monte Carlo Simulations — Allpix?

* Building blocks follow individual steps of the signal formation in detectors

* Available algorithms with different complexity can be chosen independently per step
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Exercise 20: Silicon Sensor Resolution

* Initial set of configuration files provided to participants

* Simulation of a CMS Pixel Detector prototype
* Number of pixels: 52 x 80
* Pixel pitch: 150 x 100 pym

 Particles: 5 GeV electron beam

CREMLINplus | 22.02.2022 | Exercise #20: Monte-Carlo Simulation of Silicon Detectors



Exercise 20: Silicon Sensor Resolution

Drift time raw pixel charge
'
E E000 — %’i
£ - = 00 -
8 _ - a 1
S - - -
& - -
5 m .
A0 == . g jouo -
- N 0.1
2000 — 0.05
L 0
o P S AT NN vy S ST S (NS SN SRS NN SR ST S N R T S o N
o 5 10 15 20 25 &0 B0 100
Drift time Insl 0,05 ixel charae kel
Hitmap for mydetector Residual in X for mydetector
—_ -0.1— o
3 5
= =
=N L0
=
20

Determine the |
resolution -

&

M1 I P T
200 300

= (pixels) Bt = Kt (1l

CREMLINplus | 22.02.2022 | Exercise #20: Monte-Carlo Simulation of Silicon Detectors 5



Exercise 20: Silicon Sensor Resolution

* Exercise: Determine the resolution and improve it by ...
* Switching from a binary to a charge sensitive readout (gdc_resolution)
* Changing the incidence angle of particles (orientataion)
* Changing the magnetic field (magnetic_field)
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Learning Achievements

* Functionality of silicon pixel detectors
* Charge transport
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Evaluate_Results Last
* Intrinsic resolution of silicon pixel detectors = «:«: ..
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* Mechanisms to improve this resolution e
*  Computing: o

* Command line

* Simulation software (Allpix2, Geant4)

* Analysis (ROOT, python)

AAAAA

CREMLINplus | 22.02.2022 | Exercise #20: Monte-Carlo Simulation of Silicon Detectors

40 50
Rotation angle [deg]



Technical Realisation

* Allpix2 installation required

File Machine View Input Devices Help

Allpix v

#\ G

student

Activities

* Several options:
. ¥ ot
student
* Distribution of a virtual
machine

* Installation on CVMFS
(reachable e.g. via
IXplus - require
access)

Search:

Command
» control
» units

+ profiler
» particle

» tracking
» event
» cuts

» run

» random
» process

» heptst
v grdm
» gps

» qui

» vis

*  Preparation of
available PCs

== e B
Scene tree, Help, History
Scenetree | Help

» geometry

» material
» physics_lists

+ physics_engine

History

Allpixsquared_Corry_Ubuntu [Running] - Oracle VM VirtualBox

REGDe B DY OO

Feb 22 11:17
allpix

B

Useful tips € | viewer-0 (OpenGLStoredQt) @

Output

Threads: |All

Process: hadElastic
Model:
Cr_sctns:

Process: tInelastic

Model: Binary Light Ion Cascade:
Model: FTFP:
Cr_sctns: Glauber-Gribov Nucl-nucl:

hElasticLHEP:
Glauber-Gribov Nucl-nucl:

0 eV /n ---> 100 TeV/n
0 ev ---> 25.6 PeV
0 eV /n ——-> & GeV/n
3 Gev/n ---> 100 TeV/n
0 eV ---> 25.6 PeV

Session :

@

A @d

$ allpix -c visualisation.conf

CREMLINplus | 22.02.2022 | Exercise #20: Monte-Carlo Simulation of Silicon Detectors

{5 @ 5 6 i 8] @ [ right cerl



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8

