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Lab 5A: Garfield++ (Roman, Caterina, Max)

The tool = gl
e Garfield++: toolkit for detailed simulation of gas (and semiconductor) particle
detectors.
e |Initially developed in FORTRAN, then ported in C++ (ROOT). Also supports
Python (PyROOQOT).

Goals of the lab (part on gaseous detectors): Triple
: : GEM
- Study the interaction of photon/charged
S o : detector
particle in gas (with different gas mixtures (Lab 2)

and electric field)

- Charge carrier transport at the
microscopic level

- Gain and signal induction in GEMs

- Will show some fun physics examples




Photon interaction in the gas
6 keV photon, 50k events, planar geometry with cathode at -250 V

100% Ar
W value = 26.4 eV

3 mm drift gap — prominent escape peak
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Charge carrier transport cathode -350 V, 3 mm drift gap %

Simulation of the electron transport at the microscopic level
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Charge carrier transport

Simulation of the electron transport at the microscopic level

Electron arrival time vs CO2 mixture %
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Adding a bit of CO2 increases drift velocity

(electron cooling)

Adding too much CO2 brings the velocity down

(too much cooling)

cathode -350 V, 3 mm drift gap (a2

Drift velocity vs CO2 mixture %
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Mixture scan at 1.166 kV/cm

from Gaseous Detector 1 (P. Gasik)



Gain studies of GEM in 80/20% Ar-CO2

- Simulation with potential applied across the GEM foils

- Higher electric field = more electrons ionize the gas = higher gain

- lonization mostly happens at the GEM holes exit

- Pictures — projection of a 3d image (don’t mind the ions passing through the foil)
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Gain studies of GEM (Drift voltage)

- First — rise due to the recombination reduction. Not in Garfield (at least by
default)

- Then plateau — minimal recombinations and high collection efficiency

- At higher voltages gain drops — field lines steer towards the upper plate

Effective Gain vs Drift Voltage Difference Normalized Peak Position vs Drift Voltage Difference
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Gain studies of GEM (GEM voltage)

- Expected exponential dependence

- Looks like saturation in the sim data

- Garfield does not simulate space charge effects

- Maybe too many electrons getting stuck in the GEM hole corners

Effective Gain vs GEM Voltage Difference Effective Gain vs GEM Voltage Difference
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Lab 5B: Allpix2

e Allpix2 is a simulation framework to model the
behavior of silicon pixel detectors, specifically
CMS Phase 1 Pixel Detectors (150 pm X 100 um)

e Monte Carlo approach with propagation, interaction,
and FE response

e Goal: Optimize for best detector resolution
by changing various parameters...

m QDC digitization
m Rotation of the pixel sensor Beam
m Applied external magnetic field strength direction
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Lab 5B: Allpix2 - Charge Reconstruction

Actual charge
hit position in
a single pixel
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Lab 5B: Allpix2 - Charge Reconstruction

e Regardless of where charge passes ® — o
through the pixel, it is reconstructed in
the Center Of the p|Xe| Actual charge Reconstructed
hit position in charge hit position
a single pixel in a single pixel
=)
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Lab 5B: Allpix2 - Charge Reconstruction

e Regardless of where charge passes ® — o
through the pixel, it is reconstructed in
the Center Of the p|Xe| Actual charge Reconstructed
hit position in a charge hit position
single pixel in a single pixel
=)

Actual charge
hit position in
a single pixel

12
6B: Annabelle Parry, Jesse Farr, Yevhen Kozymka



Lab 5B: Allpix2 - Charge Reconstruction

Regardless of where charge passes
through the pixel, it is reconstructed in
the center of the pixel

If a charge is near the edge of a pixel, it
reconstructs and registers as if it hit
two pixels

Actual charge
hit position in a
single pixel

Reconstructed
charge hit position
in a single pixel

Actual charge
hit position in
a single pixel
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Reconstructed
charge hit position
into two pixels
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Lab 5B: Allpix2 - Charge Reconstruction

e Regardless of where charge passes ® — o
through the pixel, it is reconstructed in
the Center Of the p|Xe| Actual charge Reconstructed
hit position in a charge hit position
single pixel in a single pixel
e If a charge is near the edge of a pixel, it — o o
reconstructs and registers as if it hit ®
two pixels
Actual charge Reconstructed
hit position in a charge hit position
single pixel into two pixels

To optimize detector resolution, we want to design the detector such that 2 _ fp/z A
charges will hit near a pixel edge and be reconstructed into two pixels p/2 P
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Lab 5B: Allpix2 - Varying Rotation & Magnetic Field

e Optimal rotation of 27° around the y axis

o Due to sensor geometry (the diagonal between pitch and depth)
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@2 00175

(=)
(=}
—_
1%
(=)

0.0125

Normalised coun

0.0100

0.0075

0.0050

0.0025

0.0000 F

[T T T T [T T T T [T T T T[T T T T[T rrr[rrrr "
L Residual in x g T

L @0T —_ 100 ]
E I — 20°

C —= o708 ]
'_ /v" 30° 3
: Optimal (| 5

rotation due | —
to geometry =

ot
- ]
o 7

T

\ ]
. .
L 1 M s

FRER i M L
100 200 300
Xtrack = Xcluster [,um]

TR T T T S N T SN T S NS S S |
-300 -200 -100 0

8 bit QDC and 500e threshold

2] LR A R ] S A O [ T SRR
g L +  Residual in x — 0T -
- [e] —_ 2T A

o L @0 o 21[ 4
2 0.010 |- Offset due to 6T 7]
= 1 applied field but 1
£ 0.008 constant and ]
Z correctable ]
0.006 - -
0.004 - -
0.002 - .
0.000 |- — |

e o000 b o by oo o by o by o o by o |

-300 -200 -100 O 100 200 300

6B: Annabelle Parry, Jesse Farr, Yevhen Kozymka

Xtrack = Xeluster [,Um]
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Lab 5B: Allpix2 - Visualization of Charge Carriers

e Allpix2 allows the modelling of
electron-hole pairs through the silicon
sensor bulk to find how varying
rotations and magnetic fields affects

the drift-diffusion of the charges. °-°5—; rons

e Lateral drift is same for holes and o—

electrons £
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Lab 5B: Allpix2 - Visualization of Charge Carriers

e Allpix2 allows the modelling of

electron-hole pairs through the silicon E
sensor bulk to find how varying "o
rotations and magnetic fields affects -

the drift-diffusion of the charges. . .15)
=
tan @L — ’I‘H[LB '°'°5€

Larger magnetic a 5

field = larger angle .

LA L L A L L B R L L B B B |
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Lab 5B: Allpix2 - Visualization of Charge Carriers

e Allpix2 allows the modelling of
electron-hole pairs through the silicon 27° around y axis
sensor bulk to find how varying — g
rotations and magnetic fields affects :
the drift-diffusion of the charges.

ksT
la = V2Dt D:MBT

_E.N

e With 27° and 6 T, the incident angle R

of the particles for the sensor 6 TXt _al
geometry and external magnetic field " X gtection
are optimized such that the majority

get reconstructed into two pixels. tan©p = ryuB
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Lab 5: Conclusions

e Various frameworks exist to simulate and study detector behavior

.. Garfield++ simulates gas and semiconductor particle detectors .
@ Allpix2 simulates silicon pixel detectors @

e Several internal and external factors come into play when designing a detector
e Limitations can include spatial constraints, technological capabilities, monetary budget, etc.

e Therefore, simulations are necessary to understand the behaviour and optimize the
detector design depending on the requirements before building a physical model
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