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At the heart of ATLAS: Silicon

Closest to the
iInteraction are
finely segmented
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Zooming in on one pixel
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Silicon Radiation Damage

Non-ionizing radiation
damages the silicon lattice

Defects in the lattice act as
traps for charge carriers
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<dE/dx> [MeV g ' cm?] or <cluster size> [pixels]
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Radiation Environment at the LHC
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Radiation Environment at the LHC
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Measuring the fluence

Most common method uses the leakage current, as liga o< P

Depleted volume Caution: Model assumes uniform space-charge
and a small number of effective defect states.

Al = (Peg/Lin) X V- D Lint
i=1

“The Hamburg Model”
Measure

his Annealing (depends on

time t and temperature T)

We want to N.B. the coefficients are
know this dimensionfull



Measuring the fluence

Most common method uses the leakage current, as liga o< P
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Measuring the fluence

Most common method uses the leakage current, as liga o< P
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Temperature corrections
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We have measured Ees using dedicated temperature scans!

Biggest source of uncertainty is the absolute temperature of our sensors.

See this talk for more details.
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Fluence measurement overview
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A global picture: pixels and strips

Z ATLAS Preliminaryz Data (Hamburg + Leakage Current)
“.\E (s=7,8, and 13 TeV Sim. (Pythia 8 A3 + Geantd) data ~ sim. for innermost
S 1 0 e Sim. (Pythia 8 A3 + FLUKA) . .
o [ A mesn data ~ 1.5 x sim. for other pixels
IE' [ § B-layer (5.1 cm)
T W meies data ~ sim. for strips
1) g B Layer 2 (12.3 cm)
&) _
| ! Pixel Disk
é SCT Barrel (29.9 cm) ﬁi‘j .
L7 seromasrn N W Stronger IzI dependence in
T T ot e mer g 05am) < data on inner layers - present
B él:?; SCT Endcap Outer Ring (49.9 cm) With Geant4 and FL UKA
i (and for various tunes of
Pythia, not shown)
-1
1 O I | I I | I I | I O | [ 1 1 1 | [ 1 1 1

-200 -100 0 100 200 300

z [cm]



A global picture: pixels and strips
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A global picture: pixels and strips
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Integrating fluence into digitization

In parallel, we have integrated the fluence
modeling into ATLAS simulation - default for Run 3.
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Conclusions and outlook

The fluence is the key For details, see JINST 14 (2019) P06012
ingredient to radiation
damage modeling.
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We have performed a
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leakage currents. In parallel, | o 7"

we have integrated T O T ER T
radiation damage into the P

ATLAS simulation.

Fluence
[1 MeV 10" n,,
A O ©

)\

o

This is allowing us to
improve our data analysis
and plan for
Run 3 and the HL-LHC!
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