






Geometry modifications - 3

target shielding
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Summary of main input cards 
RADDECAY

requests simulation of decay of produced radioactive nuclides and allows to 
modify biasing and transport thresholds (defined with other cards) for the 
transport of decay radiation

IRRPROFI
definition of an irradiation profile (irradiation times and intensities)

DCYTIMES
definition of decay (cooling ) times

DCYSCORE
associates scoring detectors (radio-nuclides, fluence, dose equivalent) with 
different cooling times

AUXSCORE
allows to associate scoring estimators with dose equivalent conversion factors 
or/and to filter them according to (generalized) particle identity

PHYSICS
switch to activate the evaporation of heavy fragments (up to A=24) and the 
simulation of coalescence 25
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Backup slides
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Benchmarks



Benchmark experiment
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Irradiation of samples of different materials to the stray radiation field created by 
the interaction of a 120 GeV positively charged hadron beam in a copper target

Cu target
120GeV

pos. hadrons



Benchmark Experiment
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1.Specific activities
2.Residual dose equivalent rates

Measurement and calculation of

for different cooling times



Benchmark experiment – Instrumentation 1
Low-background coaxial High Precision Germanium detector (Canberra)

- use of two different detectors (90 cm3 sensitive volume, 60% and 40% relative 
efficiency) 

Genie-2000 (Ver. 2.0/2.1) spectroscopy software by Canberra and 
PROcount-2000 counting procedure software

- include a set of advanced spectrum analysis algorithms, e.g., nuclide identification, 
interference correction, weighted mean activity, background subtraction and 
efficiency correction

- comprise well-developed methods for peak identification using standard or user-
generated nuclide libraries. HERE: use of user-generated nuclide libraries, based 
on nuclides expected from the simulation and material composition

Efficiency calibration with LABSOCS
- allows the creation of a corrected efficiency calibration by modelling the sample 

taking  into account self-absorption inside the sample and the correct detector 
geometry

30
Reference:   M. Brugger, S. Roesler, et al., Nuclear Instruments and Methods A 562 (2006) 814-818



Benchmark experiment – Instrumentation 2
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Reference: M. Brugger et al., Radiat. Prot. Dosim. 116 (2005) 12-15

Portable spectrometer Microspec
 NaI detector, cylindrical shape, 5 x 5 

cm
 folds spectrum with detector 

response (“calibrated” with 22Na 
source)

 physical centre of detector
determined with additional 
measurements with known sources 
(60Co, 137Cs, 22Na) to be 2.4 cm
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0.8 < R < 1.2

0.8 < R ± Error < 1.2

R = Ratio FLUKA/Exp

R + Error < 0.8  or
R – Error > 1.2

Exp/MDA < 1

Reference:
M. Brugger, S. Roesler et al., Nuclear 
Instruments and Methods A 562 (2006) 
814-818



Benchmark experiment – Results 1
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Dose rate as function of cooling time
for different distances between sample and detector

Reference: M. Brugger, S. Roesler et al., Radiat. Prot. Dosim. 116 (2005) 12-15



Benchmark experiment – Results 2
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Dose rate as function of cooling time
for different distances between sample and detector

Reference: M. Brugger, S. Roesler et al., Radiat. Prot. Dosim. 116 (2005) 12-15



Benchmark experiment – Results 3
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Dose rate as function of cooling time
for different distances between sample and detector

Reference: M. Brugger, S. Roesler et al., Radiat. Prot. Dosim. 116 (2005) 12-15



6th FLUKA Course - CERN 2008

Benchmark experiment

36

tcool < 2 hours : 

beta emitter 
(11C, t1/2 = 20.38min)

2 hours < tcool < 1 day : 

gamma emitter 
(24Na, t1/2 = 14.96hrs)
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Applications
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Regions of high losses
(e.g., Collimators,…)

ATLAS

Regions with low losses
(e.g., due to residual gas)

The LHC
Loss Regions

Point 1

Point 2

Point 3.2

Point 3.3

Point 4 Point 5

Point 6

Point 7

Point 8

ALICE

LHCb

Momentun
Cleaning

RF CMS

LHC Dump

Betatron
Cleaning

FLUKA geometry 
visualized with
SimpleGeo

Magnets

Collimators

Applications – LHC collimation region
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8 hours

1 week

4 months

Cooling time

CERN-SC-2005-092-RP-TN

Residual dose rate (mSv/h)
after one year of operation

Applications – LHC collimation region
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8 hours

1 week

4 months

Cooling time

CERN-SC-2005-092-RP-TN

Residual dose rate (mSv/h)
after one year of operation

Applications – LHC collimation region



Application SLAC
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Residual dose rate (mrem/h)
After 10 year of operation at 

120 kW 4 GeV e- on each of 
the two dumps 

Residual dose of the 
extracted dump inside 
a fresh (not-
irradiated) steel coffin



Applications – CNGS
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Applications – CNGS
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1 2 2 33

1 2 3

4

5

4 5 1

Applications – CNGS
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Example:

tcool = 1 day

Applications – CNGS
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100
10
1

mSv/h

http://vincke.home.cern.ch/vincke/neutrino2.htm
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Miscellaneous
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FLUKA-Implementation – History - 1
1995 – Offline evolution:

An offline code (usrsuwev.f) is distributed together with FLUKA, which allows 
the offline computation of the time evolution of a radionuclide inventory obtained with RESNUCLE for 
arbitrary irradiation profiles and decay times.

2002 – Two step method:

The offline code has been adapted for online use, each time a residual nucleus is 
produced during a particle cascade. This allows storing information on radio-nuclides for certain 
irradiation parameters and cooling times into an external file. This information can then be read in order 
to compute residual dose rates due to induced radioactivity (two-step method). Results were 
benchmarked in numerous irradiation experiments.

2004 - Online:

This capability has been implemented into FLUKA with an exact analytical solution of the Bateman 
equations describing activity build-up and decay during irradiation and cooling down, for arbitrary 
irradiation conditions. 


