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https://indico.cern.ch/event/695271/timetable/#20180424.detailed

MC Simulation in ATLAS
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MC Simulation in ATLAS
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Brief reminder - ATLAS Pixel Detector
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3.3 cm from interaction point; includes 3D sensors at high |zl.



(Current) Simulation Model
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1 per sensor + o-rays
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Run 1 + early Run 2;
uniform distribution

local
coordinates
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electron “chunks
per step
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Step 2: spread charge in sensor

Latest simulation: Bichsel Q
model for charge spreading S

N.B. Geometry
model is not

local this detailed

coordinates

/ bump
s
o-rays from G4
(no access to By);
only for p,mt,k,u,e

too slow out of the box -
use a number of speedups:

N <

- 5 fundamental collisions / sampling
when used, - coarse cross-section tables

ignore G4 input - make chunks of size 50 charges

With these, no longer limiting and can

be run in our main MC simulation!


https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.60.663

Step 2: spread charge in sensor

Latest simulation: Bichsel
model for charge spreading
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https://arxiv.org/pdf/1711.05465.pdf
https://purl.stanford.edu/kt719mz9192

Step 2: spread charge in

But better data/MC agreement

Normaized to unity
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https://arxiv.org/pdf/1711.05465.pdf
https://purl.stanford.edu/kt719mz9192
http://cdsweb.cern.ch/record/2273281/files/ATL-PHYS-PUB-2017-013.pdf

Step 3: Drift + diffusion

Only drift electrons

£,

(SCT detector only drifts holes) = local
Hall scattering field
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_ .
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values from
Jacoboni et al.
review article



https://www.sciencedirect.com/science/article/pii/0038110177900545

Step 3: Dirift

Only drift electrons

(SCT detector only drifts holes) local
T Hall scattering field
ocal electronics chip factor l
coordinates \ A —
X bump tanOL=ruzxnB
AN N
depth
direction

M 1-1/8
Z

_ V8
(T, E) = po(T) -1 + (EC(T))

N.B. u scaled by 10%

to match data. Source

now understood - typo values from
Jacoboni et al.

review article

Le o =|1533.7 cm?/(V -s) x (T/300) 242

INn review article!


https://www.sciencedirect.com/science/article/pii/0038110177900545

Step 3: Drift + diffusion

< One random
transverse smearing

local
per electron chunk.

coordinates
X

Z y bump

diffusion diffusion length is
fixed at 7 um / 300 um

N <

scaled by square
root of path length




Step 4: Charge sharing + Noise

Capacitative coupling induces Q
charge sharing prop. to intersection 5

local
coordinates

v sharing =

M + thermal,
0.06/mm X threshold
Intersection 0iSe

~2%




Step 4: Analog - to - digital

Time-over-threshold (ToT) tuning and
threshold set to match detector

+ readout specific such as overtlow, small hits, etc.

deposited
charge

analog
threshold

Preamplifier output

«— Time

ToT




Pixel Simulation Overview
Charge deposited by
Geant4 + Bichsel Model
Thermal EB Lorentz
diffusion angle
charge
location

collected
charge



+ Radiation Damage

trapping :
constant | '

(rlelies heavily on

ookup tables)
depth - -. per condition

................... \ nduced .. pEr geometry

See talk at last RD50 meeting



https://indico.cern.ch/event/663851/contributions/2711529/attachments/1561109/2458059/RD50_RadDamageSim.pdf
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Reminder: (Bulk) Radiation Damage Effects
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Reminder: (Bulk) Radiation Damage Effects
A

Due to the E-field 5
shape, the Lorentz
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with bulk depth
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Reminder: (Bulk) Radiation Damage Effects

= FEven trapped charges
contribute to the total

(induced) charge; also

on (nearest) neighbors!
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Conclusions and Future Outlook

Geant 4 is workhorse for material interactions, but
significant part of ATLAS pixel digitization is custom

Many physical effects to consider, but
also a lot of data to constrain models!

We are always trying to improve our models, even in
the absence of the new radiation damage digitization

We all have silicon sensors and so it is very useful to
compare notes and take the best of all our approaches!
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