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Region importance biasing in FLUKA

* Combines two techniques: splitting and Russian Roulette
* Applied when a particle crosses a region boundary (e.g. from Regl to Reg?2)
* Based on the relative importance of the two adjacent regions

* Theideais to compensate for the attenuation of the radiation flux traveling towards
the region of interest (splitting) while considering the radiation that moves away from
that region with a lower degree of attention (RR)
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Automatic importance biasing

 Automatizes the creation of importance biasing schemes in combination with
weight control.
 Able to produce working solutions for most problems.
- Deal with almost any geometry.

- Solve penetration & streaming problems at the same time.

|t avoids iterative calculations for the sake of user friendliness.

 The user only needs to provide the spatial limits for biasing and the region(s) of

interest: ROI




Automatic importance biasing: experimental feature

AUTOIMBS in the FLUKA Manual

7.22.2. AUTOIMBS

Activates the automatic creation and use of an importance biasing scheme. See Automatic importance biasing for a brief
introduction to this feature.

This is an EXPERIMENTAL feature. Please note:

The functionality and interface will likely be subject to changes in future releases.

Known limitations exist and issues can arise. Please read the Caveats section below.
Bug fixes and improvements may not be addressed with the same priority as for other features.
Results should be carefully validated against other established methods where possible.



https://flukafiles.web.cern.ch/manual/chapters/description_input/description_options/autoimbs.html

Automatic importance biasing: Basics

e Atinitialization —few seconds to few minutes for typical problems, voxelized
maps are created and superimposed to the geometry. No need to slice
geometries.

e At each particle step, the code will compute an importance ratio:
> 1 splitting J <1RR d =1none
* The ratio is not estimated based on fixed importance values.
* Importance ratios are tailored individually for each particle, and they consider:

 Particle type J Statistical weight
 Etc.

A Direction d Energy




Automatic importance biasing: Computing importance ratio

1. Direction-based importance ratio: takes into account the particle direction and
evaluates if it is moving in a direction that should be encouraged or discouraged.

2. Population-based importance ratio: takes into account whether the particle has a
statistical weight that makes it sufficiently significant relative to the local particle

population.

3. Use the minimum of the two importance ratios.
* Particles moving in a favorable direction with significant weight will be split.
* Particles traveling in an unfavorable direction may undergo RR.

* Particles with low statistical significance may undergo RR.
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Automatic importance biasing: Statistical checks are essential

 Any combination of variance reduction techniques, which individually preserve estimators, also
preserve estimators when used together. But, identifying when convergence has been attained
can be challenging, particularly when intricate biasing schemes are employed.

* A set of statistical checks has been incorporated to assist users in identifying when results may
arise from incomplete phase space sampling.

* The focus of these checks is on the statistical weight entering the ROI, not the estimators
requested by the user. Hence, while offering valuable insights, it remains essential for users to
apply critical judgment to assess the convergence of estimator’s results.

* They assess the behaviour and/or values of the mean, relative error, variance of variance, and
the tail slope of the PDF.

* |If any tests are not passed, it is advisable for the user to accumulate more statistics before
drawing conclusions from the simulation results.
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ISOLDE: 1.4 GeV protons on heavy target
ROI

We need to obtain the
neutron spectrum due to
skyshine radiation at a
radiation monitoring station
120 m away from the facility
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ISOLDE: 1.4 GeV protons on heavy target

FLUKA card needed to activate the ROI
automatic importance biasing

AUTOIMBS Opt: v Spatial limits: bias v Voxl size:
ROI: TopTRACK v ROI: topOlb v ROI: world v ROI: v

We need to obtain the
neutron spectrum due to
skyshine radiation at a
radiation monitoring station
120 m away from the facility
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: Results

ISOLDE

Automatically biased
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ISOLDE: Results Average FOM improvement ~ 400-fold

Neutron fluence
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ISOLDE: Statistical checks

### Statistical checks ###
Passed non monotonic mean check (Rank correlation coefficient = 0.519485)
Passed small RE check (Relative error = 0.0189953)
Passed monotonic RE decrease check (Rank correlation coefficient = -0.996375)
Passed RE decrease with sqrt(#pr) check (Power fit. Exp = -0.469515)

Passed monotonic VOV decrease check (Rank correlation coefficient = -0.994886)
Passed small VOV check (Variance of variance = 0.00599302)

Passed VOV decrease with #pr check (Power fit. Exp = -1.13167)

Passed large PDF tail slope check (Slope = 3.01484)

Checks are evaluated using all accumulated statistics




ISOLDE: Statistical checks
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CLEAR: 220 MeV e- beam against concrete wall

* Beam failure scenario

 Ambient dose equivalent all around the facility
 Deep penetration and multiple streaming pathways
* Approx. 3 m thick concrete walls

<« AUTOIMBS Opt: v Spatial limits: bias v Voxel size: R
ROI: OUTAIR v ROI: v ROI: vROI: v

N

Region surrounding
the facility

Surface enclosing
the whole facility
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CLEAR: Sanity check!

Differential quantities perfectly compatible
Example of spectra inside one of the chicanes
Location with low statistical uncertainties for both cases

NEUTRON fluence. 2ag error bars
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Unstructured meshes

* Automatic importance biasing is currently the most practical way to use
importance biasing for unstructured mesh geometries.

* Traditional region importance biasing would require assigning appropriate

importance values to a prohibitively large number of geometric elements,
often numbering in the millions.




Unstructured meshes

32 cm Fe cask

/ 0.5 m concrete

* Transport cask stored within concrete walls
* Neutron source filling the cask

Neutron source
(4.2 MeV)

1 m concrete

Geometry courtesy of AttiladMC
by Silver Fir software




Unstructured meshes

/ 0.5 m concrete

32 cm Fe cask

* Transport cask stored within concrete walls
* Neutron source filling the cask

Neutron source

« AUTOIMBS Opt: v Spatial limits: bias v Voxel size: (4.2 MeV)

ROI: Air Outs v ROI: v ROl: vROI: v
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Region surrounding the room

Surface enclosing the geometry

1 m concrete




Unstructured meshes: Results

Neutron fluence [1/cm2/pr]
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Unstructured meshes: Results’ uncertainties




Results” uncertainties. 0 - 50 %
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Unstructured meshes: Results’ uncertainties. 0 -5 %
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Unstructured meshes: Results Average FOM improvement ~ 7500-fold

Neutron fluence exiting the room through the thick walls
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Region vs Automatic Importance Biasing (AlB)

* |f the problem cannot be solved with one or multiple runs using region importance
biasing, then AIB will not be able to solve it either.

* Region importance biasing can be better tailored and optimized.

* AIB can solve cases that are not solvable by region importance biasing in a single
simulation, such as competing pathways or disconnected ROls.

* No matter how complex your geometry is, AIB can be set up immediately through
a single card.

* Unlike region importance biasing, AIB can easily handle unstructured meshes.

e AIBis work in progress, remain vigilant!
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Biasing map example

ROI ROI

ROI




Biasing map example: only used to assess particle direction
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