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Introduction (1)

The development of MC codes for particle transport and
interaction with matter, such as Fluka, are driven by
applications, i.e. high power accelerator, accelerator driven
systems, high energy colliders, medical facilities, etc.

In  particular the next
generation of medium and
high energy accelerators
brings to a completely new

domain of extreme conditions
of beam interaction with
matter.

CAO0PAC: Computer-Aided Optimization of Particle Accelerator Workshop

11-13 March 2015 GSI Helmholtz Centre for Heavy lon Research

NN
/N

Courtesy A. Bertarelli et al. (CERN)



Introduction (2)

Challenges also arise from increasing complexity of accelerators
and experimental setups, as well as from design, engineering
and performance constraints.

» 450 GeV protons, 2 MJ beam in 2004
« Failure of a septum magnet induced beam drift

+ Cut of 25 cm length, groove of 70 cm on
Stainless Steel vacuum chamber

« Condensed drops of steel on opposite side
of the vacuum chamber

Accelerator
for Proton Therapy

* Vacuum chamber and magnet to be replaced
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Introduction (3)

It translates in putting strong requirements on the accuracy of
particle production predictions and the capability and reliability
of the codes used in planning new accelerator facilities and
experiments.

6 GeV proton in liquid argon {2l Honization |
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Introduction (4)

The challenge requires detailed and accurate (to a % level)
modeling of all particle interactions with 3D system components
(up to tens of Kilometers of the accelerator lattice in some
cases) in energy region spanning up to 20 decades as a basis of
accelerator, detector and shielding designs and their
performance evaluation, for both short-term and long-term
effects.
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Introduction (5)

In such a context, Fluka is extensively used worldwide. In details,
Fluka is a general purpose tool for calculations of particle
transport and interaction with matter, covering an extended
range of applications: from proton and electron accelerator
shielding to target design, calorimetry, activation, dosimetry,
detector design, accelerator driven system, cosmic rays,
neutrinos physics, radiotherapy, etc.
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Introduction (6)

A substantial amount of effort has been put into development of
MC Fluka code over the last few decades.

The FLUKA international Collaboration
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In details Fluka is able to track 60 different particles + Heavy lons:

* Hadron-hadron and hadron-nucleus interaction “0”-10000 TeV
* Electromagnetic and u interactions 1 keV-10000 TeV

* Nucleus-nucleus interaction up to 10000 TeV/n

* Charged particle transport and energy loss

* Neutron multi-group transport and interactions 0-20 MeV

* vinteractions

* Transport in magnetic field

* Combinatory (Boolean) and Voxel geometries

* Double capability to run either fully analogue and/or biased
calculations

* On-line evolution of induced radioactivity and dose

* User-friendly Graphical User Interface (GUI) thanks to the Flair
interface
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Microscopic
& Model Benchmarking
(some selections)
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Microscopic Benchmarking (1/2)
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Microscopic Benchmarking (2/2)
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Residual nuclei production from 1 GeV protons on Lead.
A High Energy nuclear reaction on a high Z nucleus, fills roughly the

whole charge and mass intervals of the nuclide chart.
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Model Benchmarking (1/3)
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Model Benchmarking (2/3)
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Model Benchmarking (3/3)
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Model Benchmarking (3/3)
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Example (1) Advanced LHC collimator studies

Max deflection ~180 ym

= Glidcop jaw

1 fine adjustment system

point5 UNDERGROUND WORKS

Max deflection ~90 pm

Y

Cu-CD + 2 mm Cu coating jaw
1 fine adjustment system

Max deflection ~50-60 pm

Glidcop (3 cut) jaw
2 fine adjustment systems

ATLAS

(o),
o
d=
(%)
==
=
=
—
o
o+
©
=
17
[}
(©]
(®]
<
=
O
e}
-
©
(a1
Y
(e}
c
]
)
©
s
(S
)
o
o
©
[}
i)
<<
<
[V}
o+
>
Q
(S
(@]
O
O
<
[
(]
<
©

11-13 March 2015 GSI Helmholtz Centre for Heavy lon Research

A —|
15 T T
1o | @
= — " E
5 1 ME"E
U=
5 “EE
-5 — | w2
-y | i =
= — ) <
H 1 120
an 1 . N
A . | o -
— > - E
~20cm ' B -%:_

) Courtesy Collimation & Fluka Team (CERN)



Example (2) Mitigation of Synchrotron Radiation
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Xample (3 Radiation to Electronics

CERN NEUTRINOS TO GRAN SASSO
Underground structures at CERN

Y
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+

CAO0PAC: Computer-Aided Optimization of Particle Accelerator Workshop

11-13 March 2015 GSI Helmholtz Centre for Heavy lon Research

shielding Coll.2
-+ S
shielding

Coll. 1

Reflector 4 \\KH"""\\,\,_ ﬂ

Decay tunnel




Example (3/2)

Single Event Upset in
ventilation electronics
caused ventilation control
failure and interruption of
communication
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Courtesy M. Brugger et al. (CERN)
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Example (4) Proton therapy
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Summary

* The MC Fluka code was presented, focusing on challenging of
micro & model benchmarking and user application studies.

* More complex examples/studies will be given in the following
lecture by A. Lechner.
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