Radiation damage status of
ATLAS the ATLAS silicon strip detectors (SCT)
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The ATLAS SemiConductor Tracker (SCT)

e ATLAS SCT (~60m?) has been working well over 7 years at LHC.
e Radiation received is now up to 3x1013 cm= in 1MeV n-eq fluence.

e p-on-n 285um thick Si sensors with
80um pitch strips, 12cm long

e Total Silicon sensor area ~60m?
e Hamamatsu (88%) and CiS(12%)

e ~ 6M channels of digital readout with
1 fC threshold at every 25ns

OperatiOnaI Status 2112 Barrel + 1976 Endcap modules ° Cooled at _50C to 6OC by 2_phase C3F8

e Steady Increase and annealing of leakage current have been observed
In good agreements with two models.

e Part of sensors pass the type inversion point. Detailed studies continue.

e 98.7% of the SCT elements are active as of Nov. 2017.
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Strip hit efficiency May 2016) Position resolution (Barrel, 2017) e SCT Is the central tracking device for the Higgs discovery (2012).
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e Accumulated radiation Barel 6,
levels at 2017 end can be  pugi=wE
estimated using the FLUKA
simulation [1] and delivered
luminosity at LHC Point-1.
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e Leakage current Is proportional to the fluence ¢ , o
e Full depletion voltage Vg, depends on the - 3 o lea = (T, 1)-V -9 - 2
effective dopmg concentration N, : with temperature-sensitive annealing like o o

a(t)=a, -exp(-t/z,)+a, — B-In(t/t,) Hamburg model [3] M. Moll’s thesis [3]
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e Radiation ¢ creates acceptors and removes

—t/ _ _ _ _ -
a(ty=ae " +ae ' +a,e”’" +a,e”’™ +a,e”'™ Sheffield - Harper model [4]
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cluster-size and noise, but no reliable Barrels (Periodic bumps in Barrel 3 Endcaps (Side-A is higher due to higher
| due to higher temperature setting in one temperature. High-eta modules draw higher
methods are found yet. cooling loop.) current as predicted by FLUKA simulation.)
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- ° Ac_:cordin_g to Hamburg model, Barrel e Using histories of sensor temperatures and delivered luminosities
Gommso o 3istype inverted by now and Vi since 2010, the leakage current data are compared with predictions by
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_ et will reach 150V at the 2023 end. two annealing models. Excellent agreements are observed.
Full depletion voltage of Barrel 3
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ENC at the input le] Front-end gain [mV/iC] Evolution of leakage current of 4 barrel layers and model prediction
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