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The prediction of residual dose rates
In the Large Hadron Collider (LHC)
experimental caverns requires
advanced Monte Carlo simulation
techniques, primarily to pursue a
detailed description of the detectors’
configuration changes between run
and stop periods

The integration of any change in the
facility geometric description is
seamlessly achieved with a Monte
Carlo two-steps method and set of
coded utilities

The method is introduced and
applied to the ATLAS! detector at
LHC; a comparison with
experimental measurements is
presented.
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The European Organization for
Nuclear Research (CERN) hosts
the LHC, the longest circular
accelerator in the world (13.6 TeV
c.0.m. record energy for p-p
collisions)

The Radiation Protection team
assesses residual dose rates for
planned exposure situations
(shutdown maintenance and
upgrades)

The ATLAS detector will undergo
major upgrades during the next
Long Shutdown (LS) 3, including
the complete substitution of the
Inner detectors

The detailed description of the LHC

detectors configuration changes
(run vs. stop periods) for dose
computations requires advanced
Monte Carlo simulation techniques.
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Residual dose rates are calculated

with:

1. The FLUKA code

2. SESAMEZ34: a set of coded
utilities that allow a seamless

integration of any changes in the

facility geometry.
LS 2: comparison to experimental
data collected in ATLAS cavern
LS 3: prediction of LHC
performance for years 2024-2026
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 General-purpose detector at the .
_HC .

 Key numbers: 46 m long, 25 m

nigh and 25 m wide, ~7E+6 kg
weight

e (Opening procedure Is In steps
(around 10 configurations)
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e Two-step method: FLUKA simulations and SESAME utilities

 Geometry transformation for ATLAS standard opening configuration (in red,
measurement locations during LS 2; visualization with Flair)
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ATLAS cavern, Side A, on April 4, 2019

Residual dose rate measurements in the

standard opening configuration:

 Four locations, see ATLAS geometry

e Various radial distances

 Measure at contact and at 40 cm distance
(along Z-axis)

Overall, 42 data points recorded in total

Instrumentation: Automess AD6 (and

teledetector)

Estimating residual ambient dose rate in LHC
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 Irradiation profile®: LHC irradiation history and performance forecast until LS 3
« FLUKA versions: 2011.37:8 (LS
2) and 4-3.3°%10.1 (LS 3)
« DPMJET-III*%13 event generator
« Beam energy: 6.5 TeV (LS 2), 7 .
TeV (LS 3) per proton beam
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o Standard opening configuration; simulations (F) vs. experimental data (E)
LS 2 LS 3

requires detector configurations workplan, LHC
parameters, model of the detector geometry,
specific software (FLUKA + SESAME),
computing power

LS 2: measurements and simulated data agree
better than a factor of 2; this constitutes a
relevant validation of the simulation approach
oresented

_S 3: the study gives a valuable input for the
preparation and optimization of complex
Interventions in radiation areas

Further benchmarks are foreseen to validate
simulations for different configurations; further
Investigation on detector response function and
particle contributions could strengthen the
benchmark
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