~

Modeling Radiation Damage to Pixel ”/r}‘ .ﬁ|

Sensors in the ATLAS Detector

BERKELEY LAB

Benjamin Nachman
on behalf of the ATLAS Collaboration

Lawrence Berkeley National Laboratory

LHC-experiment radiation damage workshop
(31 RD50 Meeting)

November 20, 2017


https://indico.cern.ch/event/663851/timetable/#20171120.detailed

ATLAS Pixel Detector 2
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Pixel Radiation Damage 3

Focus on planar; 3D in backup pitch:
50 x [250 (IBL), 400] um?

electrode

Readout chip

depletion
region

not to scale

iInnermost layer (IBL):
3.3 cm from the interaction point




Pixel Radiation Damage — Dafacis4 in the crysiall 4
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Pixel radiation
damage already

measurable in Run 2!
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/IDTR-2017-003/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/IDTR-2017-002/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/PIX-2016-006/

See N. Dann’s talk for details

This will only continue to be more important.

— Need to include radiation damage in our simulation!

This is currently not done by default for the
current or HL-LHC ATLAS simulations !


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/IDTR-2017-003/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/IDTR-2017-002/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/PIX-2016-006/

ATLAS Pixel Digitization Simulation
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ATLAS Pixel Digitization Simulation

|dea: Include rad damage Q
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Model overview 9
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Model overview

fluence




Fluence

Simulation Preliminary
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Model overview

Electric field




Electric Field IBL planar modules 13
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Model overview

annealing




Annealing
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Electric Field Derived Quantities
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Electric Field Derived Quantities 17
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Model overview

induced
charge
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Systematic Uncertainties
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In the future, we will try to
profile these uncertainties
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Model Prediction and Comparison with Data 2
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Model Prediction and Comparison with Data 22
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Conclusions and Future Outlook

We have developed pixel
digitization model with

radiation damage effects.

Tracking performance
seems insensitive to the
poresent fluence levels, but
degradation is inevitable
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https://indico.in2p3.fr/event/9786/contribution/4/material/slides/0.pdf
https://indico.cern.ch/event/587631/contributions/2467354/

Radiation Damage Model Variations

Each trap comes with 4 parameters: capture cross-section for
electrons/holes, the introduction rate, and the energy level.
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Radiation Damage Model Variations

Each trap comes with 4 parameters: capture cross-section for
electrons/holes, the introduction rate, and the energy level.
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ToT drift In data
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We apply corrections and uncertainties to our data in
the CCE plot on p21 based on the observed drift.



3D E-field

Electric Field (Unirradiated, Vbi =-20 V)  ATLAS Pixel Preliminary
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3D Derived Quantities
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3D Derived Quantities

Electron drift in E-field - w/o diffusion (®=10'° n,,/cm?)
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3D Ramo Potential

Maximum fraction of induced charge per pixel
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