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A Bit of History
Project Manhattan - 1940s

" A statistical approach to the study of differential equations, or more generally,
of integro-differential equations that occur in various branches of the natural
sciences”

N. Metropolis J. Von Neumann
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SY-STI-BMI Section

SY-STI- Accelerator Systems - Source Target Interactions

m Among others: ... The group is responsible for the design, construction, operation of all
interception devices across the CERN complex.

-BMI Beam-Machine Interactions
m It is responsible of the development, dissemination and support of the FLUKA code

m It is in charge of executing beam-machine interaction studies for a variety of different
applications across the CERN departments and for medical applications
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SY-STI-BMI Section

Beam Loss Monitoring (BLM) system

m Series of ionization chambers utilized for accelerator
machine protection

m In the LHC, there are approximately 3600 of these
chambers at critical loss locations

m The losses measured by the BLMs are integrated and
compared to defined thresholds. It defines if the beam
should be abort or not.
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SY-STI-BMI Section
BLM Benchmarking

m In a particle accelerator, beam losses affect in several ways the
collider equipment and operation
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SY-STI-BMI Section
BLM Benchmarking

m In a particle accelerator, beam losses affect in several ways the
collider equipment and operation

m Studies are crucial to assess the losses effects and develop
mitigation strategies
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SY-STI-BMI Section
BLM Benchmarking

m In a particle accelerator, beam losses affect in several ways the
collider equipment and operation

m Studies are crucial to assess the losses effects and develop
mitigation strategies

m BLM benchmarking is one of the studies performed by BMI.
(FLUKA simulations)
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SY-STI-BMI Section
BLM Benchmarking

m In a particle accelerator, beam losses affect in several ways the
collider equipment and operation

m Studies are crucial to assess the losses effects and develop
mitigation strategies

Test1
(equivalent ~1 LHC bun

m BLM benchmarking is one of the studies performed by BMI. L
(FLUKA simulations) rest2

(Onset of damage)

m BLM calculation: Estimate results that would be obtained in a
real run ?. Results used to compare with experimental data, or to
predict the radiation layout in a future run (e.g. HL-LHC, FCC)

?dose per unit of time in BLMs active region
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Previous Results
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Motivation

+15 years invested in BMI section in developing all the necessary
infrastructure for the CERN studies (Always based on FLUKA)

Fluka Element DataBase Line Builder FLUKA-SixTrack coupling

These features help in creating and simulating assembly of actual beam lines,
in an easy, flexible and consistent way
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m Develop a new framework for particle transport simulations:
= Having the possibility to run both codes (FLUKA and G4) in an "easy way”
= Allowing the employ of developed tools (Line Builder, FEDB, SixTrack)
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Motivation

m Develop a new framework for particle transport simulations:
= Having the possibility to run both codes (FLUKA and G4) in an "easy way”
= Allowing the employ of developed tools (Line Builder, FEDB, SixTrack)

m BMI section will benefit:

= Finish dependency on a single code
= BLM calculations (and any CERN study performed) could be realized
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Motivation
Monte Carlo limitations

® There are many sources of systematic uncertainties in Monte Carlo simulations

" Incomplete knowledge:
Material composition not always well known
Presence of additional material, not well defined
= Simplification:
Geometries that cannot be reproduced exactly
Air contains humidity and pollutants, has a density variable with pressure
= Code mistakes(" bugs")
" User Mistakes

= From the code itself
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m Adopted physics model: Different codes are based on different physics models. Some models
are better than others. Some models are better in a certain energy range. Model quality is best
shown by benchmarks at the microscopic level.
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Monte Carlo limitations

m Adopted physics model: Different codes are based on different physics models. Some models
are better than others. Some models are better in a certain energy range. Model quality is best
shown by benchmarks at the microscopic level.

m Transport algorithm: Due to imperfect algorithms, e.g., energy deposited in the middle of a
step, inaccurate path length correction for multiple scattering, missing correction for cross section
and dE/dx change over a step, etc. Algorithm quality is best shown by benchmarks at the
macroscopic level.
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Motivation
Monte Carlo limitations

m Adopted physics model: Different codes are based on different physics models. Some models
are better than others. Some models are better in a certain energy range. Model quality is best
shown by benchmarks at the microscopic level.

m Transport algorithm: Due to imperfect algorithms, e.g., energy deposited in the middle of a
step, inaccurate path length correction for multiple scattering, missing correction for cross section
and dE/dx change over a step, etc. Algorithm quality is best shown by benchmarks at the
macroscopic level.

m Cross-section data uncertainty: An error of 10% in the absorption cross section can lead to an
error of a factor 2.8 in the effectiveness of a thick shielding wall (10 attenuation lengths).
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Motivation
Monte Carlo limitations

The main method to evaluate the uncertainties is against measured data,
but in the case it is not available, a second code with different physics model,
transport algorithm and/or cross-section data uncertainty is
the best approach in order to quantify them
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m 1st Part - Development:
Create a new simulation framework, called preliminarily " Moira”, to bridge FLUKA and Geant4.
The goal is to provide to the user a FLUKA experience using the Geant4 toolkit.
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PhD Structure

m 1st Part - Development:
Create a new simulation framework, called preliminarily " Moira”, to bridge FLUKA and Geant4.
The goal is to provide to the user a FLUKA experience using the Geant4 toolkit.

= 2nd Part - BLM Benchmarking:
Utilize the developed tool for the simulation of BLM benchmarking calculations.
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Geant4 FLUKA
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PhD Structure
Development: G4 & FLUKA

Input
Geant4 FLUKA

m App C++: Solid knowledge of C++ & G4.

m User Interface (Ul) commands, via macro file.
E.g.:
/primary/select/ gps
/gps/particle/ proton

m Textgeom: Geometry definition based on a
plain text description. E.g.:
:SOLID Box MyBox 20 10 10
* type name dx dy dz
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PhD Structure
Development: G4 & FLUKA

Input
Geant4 FLUKA

m App C++: Solid knowledge of C++ & G4.

m User Interface (Ul) commands, via macro file.

E.g. m CARD. E.g.

Jprimary/select/  gps BEAM1E+04 0 0 .0 .0 PROTON

/gps/particle/ proton *type p p.spread diverg X-width Y-Width  particle
m Textgeom: Geometry definition based on a m User routines in FORTRAN are permitted to

plain text description. E.g.: extend functionalities (e.g. Magnetic Fields)

:SOLID Box MyBox 20 10 10

* type name dx dy dz
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Geant4 (Hierarchical) FLUKA (Combinatorial)
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Geometry Description

Geant4 (Hierarchical) FLUKA (Combinatorial)

Position and rotation of 3D finite macro
objects, e.g. box, sphere, cone.. twisted
solid, are defined wrt the local coordinate
system of another volume. Due to this,
these volumes are denominated daughter

and mother volume respectively.

T
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Geometry Description

Geant4 (Hierarchical)

Position and rotation of 3D finite macro
objects, e.g. box, sphere, cone.. twisted
solid, are defined wrt the local coordinate
system of another volume. Due to this,
these volumes are denominated daughter

and mother volume respectively.

André Donadén Servelle

FLUKA (Combinatorial)

This description is based on the
definition of the regions in the simulation
geometry through boolean operations
(intersection, subtraction and union) of
basic second order objects and/or infinite

planes and cylinders.
i—/ bodies L/ zone region

(inside body 2 & (union of zones)
outside of bady1)
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Development: G4 & FLUKA

Physics, Scoring, Primary sources,
Biasing, Fields, postprocessing, etc

Geant4 FLUKA
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Physics, Scoring, Primary sources,
Biasing, Fields, postprocessing, etc

Geant4 FLUKA

Some of these features are built-in (e.g.
Ul commands), but mainly requires user

responsibility
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PhD Structure

Development: G4 & FLUKA

Physics, Scoring, Primary sources,
Biasing, Fields, postprocessing, etc

Geant4 FLUKA
Some of these features are built-in (e.g. Plenty of built in tools (auxiliary tools)
Ul commands), but mainly requires user for these purposes, but some user
responsibility routines may be needed
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Graphical User Interfaces

Geant4 FLUKA
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PhD Structure
Development: G4 & FLUKA

Graphical User Interfaces

Geant4 FLUKA

Various, but mainly on

. .. Flair
visualization
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m Flair is a complete integrated
working environment for FLUKA
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Development: Flair

- tutorial fair - flair RESRFS
e oov | @RFlair 5jinput 4 Compile ¢ Geometry /3 Run [JPlot & Output
P——T— BN g Move U @Preprocessar v, 3¢ Delete [falkt
) Comment~ U @ Material v
Paste L3COPY  statew (Refresh MOV DOWN| agge GyChangey A Clone 4 Print

=[linput] (FTITLE . TOF lead target
& J;‘enera\ 7

m Flair is a complete integrated ocraurs NEwoEA Y
. . $BEAM Energy v 200 PROTON ¥
working environment for FLUKA Gy iy Gy iy
n @, GEOBEGIN v v
Input editing - M v
n_TOF lead target
Black body
@SPH 0.0 0.0 0.0
Void sphere
@SPH 0.0 0.0 0.0
:
& -40.0 40.0
L4 -40.1 15.0
bt o ] et e e F
TITLE ¢
n_TOF lead target
Inp: tutorial.inp Card:1 Total32 -
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Development: Flair

projectbodyfair -flair

] M Seomety
¥ cut ofepan G4 @Region X Delete @ Wireframe»| & <projectbody> vl
B Ay @orbit QL A A 12 ROT-DEFI 1 Locke & Loverv B8 Layout~
Paste LU3Copy | Select @)info | Body Zone p object v Y Clone | visbity = (@ Retond

m Flair is a complete integrated
working environment for FLUKA

" Input editing

= Geometry editor

-20_ 010 20 30 40 50 68
| @ 30-usrbin results | v/l

REGION

(5 Properties |57 Attributes |

inp: projectbody.inp.
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Development: Flair

m Flair is a complete integrated
working environment for FLUKA

" Input editing
= Geometry editor

® Running, monitoring

adén Servelle

- + tutorial.flair - flair Yo
9 - ol @Far (GJinput A Complle i Geometry & Run | [JPlot ) Output || 7l Caleulator v 43
o ) cut =, XDelete @ Move Up | § *Default | wlprev: v Do
) S @clone & Move Down | [ Continue No: S | B @rn G
Paste daCopy| Run Fles Data | Add Cyloop sjeRemame | @PAtach To Refresh Clean a i Run
Run Spawn|_| Title
Tutorial> Primaries Rnd 5]
s
Time Exe
Defines.
Name Value |
3
5
test
test-3af
Progress
Status: Running Input: test-1_ae Dir: fluka_120507
Started: 2014.03.18 11:32 ETA: 2014.03.18 11:39 Time/prim: 198.47 ms.
Elapsed: 19.847 s Cycle: 2m 58s Run: 6m 175
Cycles:
primaries: [
finp: tutorial.inp + Running 5 out of 18 -
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Development: Flair

- + tutorial flair - flair >

9w @Far %input A Compile ¢ Geometry % Run [JPlot  Output | @ Materials v &
g cut = X Delete 2 Move Up + Add wadd |y

S @clone & Move Down X Rem 5 XRemove| U

Paste UaCopy| Run  Fles Data | Add (yioop aoRename | S@N goRename |Refresh <ypujes | Clean Process

S| snse:
.. R 2 Ao Detector Type unt ||
m Flair is a complete integrated m ; b
working environment for FLUKA
" Input editing i
File Type Size Date I
) (oSt 33001 o 30 5 dooogss 201403081135
[ ] 6 test-1_aa001 fort.51 51 2676 2014,03.1811:35
Geometry editor Len ook fon 2 3 s nen
test-1_ab001 fort.50 50 4000238  2014.03.1811:35
H H o test-1_abo01_fort.51 51 2676 2014.03.1811:35
® Running, monitoring {est1-ab001 fort 52 2 20140318 11135
test-1_ac001 fort.50 50 2014.03.1811:35
. . eitmsconi or o1 3 Soii0s1siios
= Post-Processing test1"ac001 fort 52 52 1766 |2014.031811:35
eiti-sioo1 for 30 % fooosss oisosiaiis
eiti-sio fon o1 3 S olsosieiiss
{eiti-sdoo1 for 52 % fores  Bolsosieiiss
eiti-seoo1 for 50 % foooss ois03ieliss
eitizee0o1 for a1 3 sere " olsosisiiss
e oo 2 2 e, [uaonana
Data Merging
Files created: test-1_50.bnn
test-1_S1.trk test-1 52.mc
7/.
inp: tutorial.inp + Files: 15

- 2021 20 / 40
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Development: Flair

-
genl Flair (5] Input Compile 4 Geometry RUAY [ Plot [ ] GutpUE | @ Materials v &
@ -
¥ cut XDelete 2 Move Up || Save~ 4
o W B clone gprint 0

paste {3Copy| A3 02 jonename 3 Move Down | ) Notes Clean Plot

- [ [Title: | Geoviewer Red plot Display: 0 = Options V]
. - - @ Green Axes
m Flair is a complete integrated @ o v|Label g Mn wac ot
. . enede 2 i Y
working environment for FLUKA §|‘:‘;{ v ! =
ntof-fluence T Rasie P— Plot
. <00 v
= Input editing goo . Deposited Energy at Y=(-1.1) —
= Geometry editor - — ik
® Running, monitoring - ‘ o
" Post-Processing .
= Qutput visualization “
inp: tutorialinp + -
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Development: Moira - The New Framework

m Hybrid G4 "application” that provides a FLUKA experience using the Geant4 toolkit:
= Geometry description equivalent to FLUKA (Combinatorial Geometry)
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PhD Structure

Development: Moira - The New Framework

m Hybrid G4 "application” that provides a FLUKA experience using the Geant4 toolkit:

= Geometry description equivalent to FLUKA (Combinatorial Geometry)
= Two ASCII files as input files:
= For Geometry: Textgeom (+ extension)

+ For the rest of components’: Ul commands via macro file (built in + own commands)

1Physics, Scoring, Primary sources, Biasing, etc
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m Hybrid G4 "application” that provides a FLUKA experience using the Geant4 toolkit:

= Geometry description equivalent to FLUKA (Combinatorial Geometry)
= Two ASCII files as input files:

= For Geometry: Textgeom (+ extension)

+ For the rest of components’: Ul commands via macro file (built in + own commands)

= Fully integrated with Flair

m For this thesis: Application that allows to perform BLM benchmarking studies
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Development: Moira - The New Framework

m Hybrid G4 "application” that provides a FLUKA experience using the Geant4 toolkit:

= Geometry description equivalent to FLUKA (Combinatorial Geometry)
= Two ASCII files as input files:

= For Geometry: Textgeom (+ extension)

+ For the rest of components’: Ul commands via macro file (built in + own commands)

= Fully integrated with Flair

m For this thesis: Application that allows to perform BLM benchmarking studies

m Beyond: Application equivalent to FLUKA in Geant4

Physics, Scoring, Primary sources, Biasing, etc
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PhD Structure

Development: Moira - The New Framework

m Hybrid G4 "application” that provides a FLUKA experience using the Geant4 toolkit:

= Geometry description equivalent to FLUKA (Combinatorial Geometry)
= Two ASCII files as input files:

= For Geometry: Textgeom (+ extension)

+ For the rest of components’: Ul commands via macro file (built in + own commands)

= Fully integrated with Flair

m For this thesis: Application that allows to perform BLM benchmarking studies
m Beyond: Application equivalent to FLUKA in Geant4

m Even Beyond: Expand it in the future with the best from each code

Physics, Scoring, Primary sources, Biasing, etc
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PhD Structure
BLM benchmarking

m Utilize Moira to simulate BLM benchmarking calculations for many points and sections of the
LHC

m Make quantitative assessments of the differences and systematic uncertainties of both codes for
these studies

m BMI executes simulations of sections highly radiated, e.g. IR6 and IR7. Initially the simulations
performed will be based on these geometries, where numerous FLUKA simulations have a good
agreement with experimental data
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State of the art
Moira Status: +Geometry

m Analog FLUKA geometry using Textgeom & extending it:
BODIES < FLUKA BODIES — CELL < FLUKA REGION
G4Zone < FLUKA ZONE — LATTICE < FLUKA LATTICE

m A Moira External Navigator performs the tracking in G4Zone (Analog to FLUKA)

®m .moira file as an input

// Default identity rotation matrix
:ROTM _IDENT 0 0 0

/!

// Cylindrical target

:BODY target RCC 0.0 0.0 0.0 6.0 0.0 100.0 50.0
// Void sphere

:VOLU void ORB 1000.0 G4 Galactic

// Void around

:CELL VOID void G4 Galactic +void -target

// Target volume

:CELL TARGET void G4 Cu +target 1
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State of the art
Moira Status: +Everything -Geometry

Macro file (ASCII file contains Ul commands)
m Physics:

= Physics lists: Set of many physics constructors
= Physics constructors: Initializes particles and their processes
= Enable/disable processes for each particle type
= Scoring:
" Mesh scoring, Track length and boundary crossing
® Particle track visualization
m Biasing:
= Importance, Weight Window
= Leading particle (electromagnetic, hadronic)
= Interaction Biasing
m Fields:
= Magnetic: Multipoles, 2D /3D interpolated fields, userdefined
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State of the art
Moira Status: Flair

m Operational:
= Input Editor
= Inspecting the files and progress of a run
= Merging all output data files to combine the statistics
= Some basic plotting (geometry, mesh, 1D and 2D distributions)
= Partial conversion of a FLUKA input file to Moira
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State of the art
Moira Status: Flair

oira/title TITLE

"
 select physics list + Set the defaults for precision simulations
Jphysics_Lists/select FTFP BERT WP ENY DEFALLTS PRECISIO
* + Define the bean characteristics
# Cylindrical scoring BEAM 0.1 e L] ° ° NEUTRON
/score/create/cyUindertes cylindrical * Define the bean position

mesh/cylindersize 5 10 wos

/mesh/r@in 50 10 8 i ¢ ‘ ° ‘ ‘

/mesh/translate/xyz 0 0 5 oo I i

/quantity/energyDeposit energy Mev
/quantity/celIFlux neutron perca2
/filter/particle neutron neutron

+ Black body
SPH blkbody 6.6 0.0 9.6 169009.0
* Void sphere

.
# Tally scoring

SPH void 9.0 6.0 6.0 10000.0
/tally/file fluence hist * Cylindrical target
RCC target 0.6 5.00.0 0.0.0.0 10.0 5.0
END

+ Black hole
BLKBODY 5 +blkbody -void
* Void around

voID 5 void -target
* Target
tally/boundary/histogran log 300 le.9 1000 MeV Lt S starget
tally/boundary/nors 1. cx2 -
A GEOEND
¢ Initialize rn USRBIN 1. NEuTRON 2 se 10.cylinder
USRBIN o [ s0 s 0. &
" 77 Default Sdentity rotation mtrix USRTRACK NEUTRON 2. TARGET track
# Particle generator selection ROTH  IDENT 886 USRTRACK 1000 19 &
/primary/select gps USRBDX 109.  NEUTRON 23, TARGET voro boundary
# Define the bean characteristics " usRgDx 1000 169 300 &
/qps/particle neutron 77 cylindrical target trreidersitersaBinsibuanidersctunsabenniburniSersibunsibunsibunns?

gps/energy 100 MeV

GWMA  BLOKHOLE  BLKBODY
# Define the beam position

B0OY target RCC 0.0 0.0 0.0 0.9 0.0 100.0 50.0

// Void sphere o VACUM  VOID
ettt A O ) VOLU void ORB 1000. G4 Galactic ASSTGNMA COPPER  TARGET
et LA 1/ Void around * Set the random nusber seed
=L CELL VOID void G4 Galactic +void -target RANDOM 1
. /7 Target voluse + Set the nunber of primary histories to be simulated in the run
ore/dunpAl LQuantitiesToFile cylindrical cylindrical.ban CELL TARGET void €4_Cu +target 4 5::':' 1
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- o | @Fair A Run (Jinput < Geometry [JPlot -/ Calculator | 4 compile v «¢
a4 cut ppan 4 @Regon X Delete  foMove @ Volume 3Lock & <ira bws> v
@orvit 2, A © Transform € MATRIX (I Rotate e Export § i Feczer @ Layere M Lyours

Paste LaCopy 0| Select @yno 5 Bo4 Z00€ p opjects  @iClone | 33Repeat iMovie Visiiity» () Wireframe'» | & Refresh Synchronize
@ Geometry @layers| G¥Emors| < v/ k] Red
L@ Q7 [
s e N
RPP world
RPP cont
RPP pa
zcc tnadsi
zcc trad3o
Xzp  torad3fi
Xzp  tnradsfo
RPP  VMAWCEDY
Xzp  vmawcmso
YzP vmawcmsl
XYP vmawcms3
XYP vmawcmsd
Xzp  vmawcmss
Yec  vmawemtl
Yec  vmawemez
Xzp  vmawcmss
XYP vmawcms?
XYP vmawcmss
zcc vmawemts
XYP vmawcms9 =
XYP  vmawcms2 ¥ %|Magenta

“ Properties | ST/ Attributes.

5700 _o00 o300 o : : .
y:-59.59071678  2:-8529.189981 X
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k- | @Flair S Run 3jinput < Geometry [JPlot  Calculator | & compile v «¢
@ gew 55 News BFuar # Preprocessor v X Delete B snows  2MoveUp car v & | Goviewer
{ a7
5 tosa Gimports| U @Materialv @ Change v > Comment Peor
Poste L3CopY 0 | savew & Exporty| Add~ Bcione statev GRefresh & Move Down . @appication

- JPrimary LHC Beam Wire Scanner (BWS), left of 1P4

i changes:

ipreprocessor | 13/01/2011 - Added divergence (2.88 mu
ded MAT-PROP Gord toset pressure in 8L N2 (NITROBLM)
correctly to 1.1 (ATM instead of 1.0 ATM)
BLM downstream of G5
ed beam pipes downstre
- Added USRTRACK soring o 7 BLba: To be used with the
new FLUSCW routine (inp +subrout provided by Francesco)
Changed rom USRGCALL o USRICALL o be usad whthe new
MAGFLD routine (which handies field m
18/03/2011 - Added D4 cyo end cap cover IPs Sde)
wings: LHCLBRBAO0O3 (end cap cover),
LHCLBRBAO0D2 (vacuum vessel)
‘Added two verticallong stripline coupler (BPLV.ASL4.B2 and
srLvssLa )
‘Added flanges upstrear
19012011 Amm o o 5 place tee ing around vacuum vessel
ext to 1st BLM)
28/01/2011 - Corrected smalshift of D4 cryo end cap c
510172011 - Corrected postion (height eveD of ryostat n tunne
(wrong sign).
0110272011 - Removed fagto place stce ring around vacuum vesse
(right next to 15 8L
o more detais .04 cryo en cap cover (P4 side)
0210272011 onth 1510272011
dded reinforcing rings on LBRB vacuum vessel
Split original model of vacuum vessel in two, corresponding
76 and LOYB
Added part of interconnection (bellows,fanges)
~ Added more detailed vacuum vessel (ammﬂsd toQRL
for LokB and LB (ncluding flanges
dded vacuum vessel end cover of LOYB (incuding flanges)
‘Added cold mass end covers for LMBRB and LMQYH

- Added BPMY support on connection sde of arH ghid mass
~ Extended beam screer

and temperatu
Corrected nnsntanm\ of BLM according to phofos of
Marcol

Technical tams

- MOV and MCRY in ane cold mace noborvne (1 wovia)

S T ENRE] T oS v 2
#define WS VERTICAL

Fluka: ird_bws.flair Current:1 Selekted:1 Total:3454 -3
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Cl

v o @Flair S Run

@ input | 3 Geometry  [JPlot |- Calculator
o o 55 News Bk | Preprocessor v X Delete e

) 5 toad Limpod N\ Y @ Material v Change v @ comment
Paste 3Copy 0|l savew 3 Expor < Bcione | state~ (& Refresh

WS). left of IP4

DRETEI
Db
a0

rd to set ,,mm
correctly to 1.1 (ATM instead of 1.0 AT
‘Added 8th BLM downstream of Q5
‘added beam pipes downstream of Q5
Added USRTRACK scorn for a BLHS: o be used with the

BLM N2 (NITROBLM)

To be used with the new
HAGFLD foutine (which handies e maps)
16/01/2011 - Added D4 cryo end cap cover (P4 3de)
Orawings: LACLBRBAO003 (and cap cover
L BRBAD0O2 (vacuum vessel)
Added rna verticallng srpie coupler (8PLVASL4.82 and

srLv.est
Added fanges upstream of

19/01/2011 - Added aevme ag to place seel ring around vacuum vessel
(right next to

28/0172011 - Corrected smallshift o D4 cryo end cap cox

31/01/2011 - Corrected postion (heght evel o cryostat in tunnel
(wrong sign

owozr011 Removed fg to place see ring around vacuu vesel

gt next to 15t LM
o more detail o D4 cryo end cap cover (P4 side)
0202 zon inti 1610272011
fed reinforcing rings on LBRB vacuum vessel
Solt oginal mogel ofvatuam vessel n two, coresponding
B and L
‘Added part of interconnection (bellows, flanges)
‘added more detailed essel connected to QRL
for LBRB and LQYB (includin
fed vacuum vessel end cover nlhovummmuq flanges)
Added cod mass end covers o LWBRB and L
Extended shell of LMQYH cold mas
Extended LGRS and LOH beam screens
SPMY support on connectin sde of LMQYH cold mass
Extended bea
Coracted definiion o Hellum (using carrct densiy
and temperature)
Corrected orientation of BLMs according to photos of
MarcofFrancesco
Technica tems:

| 4 Compile v +v
@ voveUp vair v & | Qoviewer
Pedior
# Move Down &, @application

S T EIR S SOOI S S S |
edefine WS VERTICAL

Fiuka: ir4_bws.flair Current:1 Selected:1 Total:3454
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o~ o | @Flair &Run % input o Geometry [JPlot
e hcw B30 News
) 5 toad Limports| U @ Materialv ) Change v

Paste 13 Copy

i Preprocessor

Fiuka: ird_bws.flair

Calculator

wka v # Preprocessor v X Delete srowr e hovesp o v & | Qoviewer

| 4\ Compile v «¢

> Comment~ P eanor

el sover 3 Exports| Ada~ Bicone | stae~ Getresn & Move Down £, | @aspicaton

LHC Beam Wire Scanner (BWS), left of IP4

Changes:

13/01/2011 — Added divergence (2.8 mu rad)
Added MAT PROP cardtose pressure n BLM N2 (NITROBLM)
" Correctly to 1.1 (AT instead of 1.0 ATM
Added 8th BLM downstream of Q5
‘added beam pipes downstream of Q5
‘Added USRTRACK scoring for all BLM: To be used with the
new FLUSCW routine (inp +subrout provided by Francesco)
Changed from USRGCALL to USRICALL: To be used with the new

A
18/01/2011 — Added D4 cryo end cap cover (1P4 side)
Drawings LICLaRBA00D3 end co covr [ w0
LHCLBRBADOO2 (vacuum vess
dded thoverticaong srine co pler (8PLV.ASLe82 and
BPLV.BSLA chase ! Changing input from ‘fluk:
Added ﬂanqps upstream of ‘moira’.
19/01/2011 - Added defne fog o pace steel ing around vacuum vessel The change can be irreversible!
(right next to
28/01/2011 - Corrected sm.\H smﬂ of D4 cryo end cap c Continue?
3110172011 - Corected posiin (hight eve) o cryostat in tunnel
ong sign)
0110272013 - Rembved flag to place stel ing around vacuum vesel
(right next to 15t BLM
Added more details to D4 cryo end cap cover (P4 side)
02/02/2011 unti 18/02/2011
ddedreinorcing rings on LORD vacuum vesel
Spit original model o vacuum vesselin two, corresponding
RB and LOYE
‘Added part of interconnection (bellows, flanges)
Added more detded vacuum vl cannected to QAL
for LBRB and LOYB (including
Added vacuum vessel end cover of LOYB (including flanges)
‘Added cold mass end covers for LMBRB and LMQYH
Extended shell of LMQYH cold mass
Extended LMBRB and LMQYH be:
‘Added BPUY support on connection s of LMQYH cad mass
Extended beam wereen
Comected dfntion of Heum (ving corect densy
and temperatu
Coected mmmn of BLMs according to photos of

to

Mornad MOY and MCRY in ane £ald macs nrmtotyn (1 MOV

E I S IS NS SO v IS

T T
#define WS_VERTICAL /A

Current:1 Selected:1 Total:3454
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Ha o] @FAair & Run 3nput| s Geometry [1Piot | Calculator 1”4 compile v +v
@ gcu 5/ News QMorav # Preprocessor v X Delete B shows @ MoveUp air v/ & | Qoviewer
3 ar
(5 Load  &importy @ Material v ) Change v > Commentv| Pearor
Paste L3COPY 0] savew & Export v| Add~ Bcione | statev GRefresh & Move Down %, Appication

[moiratitie N
Iphysics_lists/select B v

Materials from the common database

- fluka -+

ELEMENTAL MATERIALS (296 K)
2 = 1 (HYDROGEN, pre-defined by FLUKA)

2 - 2 (HELIUM, pre-defined by FLUKA)

z-5
PO TS TR SRS SRS SR SR S

MATE 5 10811 234
z-6

PO TS S TR S IS S S

MATE 6 12 177

2 = 7 (NITROGEN, pre-defined by FLUKA)
2 - 8 (OXYGEN, pre-defined by FLUKA)

(SODIUM, pre-defined by FLUKA)

(MAGNESIU, pre-defined by FLUKA)
2 = 13 (ALUMINUM, pre-defined by FLUKA)

2 - 14 (SILICON, pre-defined by FLUKA)

215
PORETRRSE TP SRS TR SR S

MATE 15 30.973761 182
216

PO TS TS SRS IS SR S

MATE 16 32.066 207

Z - 18 (ARGON, pre-defined by FLUKA) =

2-10 Input Mode changed

CIS S T S R Input file mode has changed
ssaiitie UhE o, et of i VA

Moira: ir4_bws.flair Current:1 Selected:1 Total:2564 -
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State of the Art
A Few Results: IR7 - Particles Transport Test

Z~13000 cm Z~20700 cm

Approx. 80 meters line
m 2 dipole magnets

® 6 quadrupole magnets

WA/

m 2 correctors magnets
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State of the Art
A Few Results: IR7 - Particles Transport Test

= Ry 0001, 0= 0082 = o =001, 0-0105

| 04 7 ~20700 cm (Distance to IR7) Z ~13000 cm (Distance to IR7)
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State of the Art
A Few Results: IR6 - Preliminary BLM Benchmark

Initial point

m Collimators: 3 TCDQ, 1 TCSP, 2 TCDQM.
m Magnets: MQY4 and MQY5
m 5 BLMs
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State of the Art
A Few Results: IR6 - Preliminary BLM Benchmark

le-10
125 — FLUKA
Moira(G4)

Dose [Gy/pr]

/

-0.25

-0.50

144 146 148 150 152 154 156
Distance from IP6 [m]
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Future Plans
Development

Develop a code capable of simulating BLM benchmarking studies.
Main implementations needed:

m A functional scoring to obtain fluence and energy deposited in a volumetric mesh
m Threshold and production cuts per particle
m A complete integration of the most important functionalities to Flair

m Extend the automatic converter FLUKA-Moira in Flair to contain all the components
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Future Plans
BLM benchmarking

Road Map:
m Tracking calculations to verify the field implementations
m Replication of simple cases (e.g. a simple cylindrical target with materials as for LHC collimators)
m Test in simple cases, with different beams, the scoring, physics models, biasing, thresholds, etc

m Advance with more and more complicated cases like sections of the tunnel

Complete tunnel and realistic beam losses, obtaining BLM outputs
m Compare results with FLUKA and experimental measurements

m Improve convergence with the use of biasing techniques
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Statistical Uncertainty in MC simulations
The Central Limit Theorem provides the mathematical foundation of the Monte Carlo

method:
Given any physical observable Z, that can be expressed as the result of a convolution

of random processes, and the average value of Z can be obtained by sampling many
values of Z according to the probability distribution of the random processes

1 n
Z—n;f(Xi)

Z is a random variable following a Gaussian distribution with mean (Z)

ot ~ 1
standatd deviation o ~ NG

Thus, the precision of a MC estimator depends on the number of samples:
1

0 X ——
VN

= (f(x)) and
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Statistical Uncertainty in MC simulations

The variance of the mean of an estimated quantity x calculated in N batches, is:

2
» 1 Zf’n,-x,?_<zf’n,-x,->

U<X>_N—1 n n

where,
n; = number of histories in the ith batch
n = > n; = total number of histories in the N batches

x; = average of x in the ith batch: x; = ZJ"’:I %

André Donadén Servelle 30th April - 2021 36 / 40



Future Plans e § BLM Benchmarking

Geometry Description
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Geometry Description

Geant4
Geometry . . Boolean flat in space
description Al - Combinatorial Geometry (CG) -

“Solid”: a 3D finite macro object e.g. box, sphere, cone...twisted solid (high
order). Shape and size.

“Logical Volume”: Give physical properties to a solid, material, B/E field,
sensitive detector etc.

“Physical Volume”: Place it (once or multiple times) in the 3D space wrt the
mother volume coordinate system

* hierarchical geometry

* Boolean solids (union+multiunion, intersection, subtraction) are

available, but not recommended by G4 for performance issues

“World”: the top most logical volume which is placed at the origin
“Region”: a group of logical volumes to apply physical properties e.g.
magnetic field, emf range cuts etc..
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Geometry Description
FLUKA

Geometry
description

Boolean flat in space

Azl - Combinatorial Geometry (CG) -

“Bodies”: Basic convex objects (up to 2 order) + infinite planes &
infinite cylinders

“Zones”: Sub-region defined only with intersection and subtraction of
bodies (used internally)

“Regions”: Defined as Boolean operations of bodies (union of zones) P i
“Lattices” - duplication of existing objects (translated & rotated) ’ -

/n\

'OJ%
S

7]
1/

N |

L7 bodies /17 zone
(inside body 2 &
outside of body1)

region
1un|on of zones) lattice
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Cross section error
calculus
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We have that the attenuation of the beam intensity in matter is given by:

The mean free path ( A.) is defined as:

1
- No.

Ac

Where N is the number of atoms/volume and o is the " correct” absorption cross

section. Thus, we get:
I(L) = lpe=Noe

So, considering 10 attenuation lengths (L = 10\.):

1(10)c) = lpe™ Moo = el
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If the absorption cross section is wrong by a factor 1 4+ A, evaluating at the same L,
we have:

/= Ioe—Nl—gc(HA) — Jpe100+2)
Which would be off by a factor:

- e ™ o104
" lpe—10(1+4) o

Taking A =0.1
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