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Moira: bridging MC worlds

Moira (uoipa, /'mi:ra/) is a new application (C++), Geant4-based,
progressively incorporating all FLUKA core functionalities. It provides
Geant4 Physics, while FLUKA Physics are being implemented.

Moira presents a tool to run FLUKA and Geant4 with
identical geometry configurations and draw more robust
comparisons between this two well-established MC
codes.

G. Hugo - Fluka-Cern status and plans, Moira, and scoring
A. Donadon Servelle - Studies driven by the Moira Framework
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https://indico.cern.ch/event/1156193/contributions/5051070/attachments/2517529/4328454/MOIRA_FLUKA++_STATUS.pdf
https://indico.cern.ch/event/1171034/
https://indico.cern.ch/event/1171034/

Moira: Geometry and Tracking cutoffs

Moira implements a hybrid geometry approach. It introduces a new FLUKA Solid in
Geant4, which contains the whole FLUKA geometry. The latter is read using an external
navigator based on Flair’s geoviewer library, allowing the use of a FLUKA equivalent
combinatorial geometry.

Tracking cutoffs are fully relying on Geant4 implementation. In Geant4 these cutoffs are
defined in range (distance unit), while in FLUKA they are defined in energy. The
possibility of the latter is available to the user.
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Moira: Scorings

Moira provides a fully custom variety of scorings, integrating most of the scoring capabilities
available in FLUKA, including:

e single and double differential scorings in
volumes and through boundaries.
e mesh scoring in cylindrical and cartesian.

r20 10 10 20 30 40 50 0K

Magnitudes: energy deposition, non-ionizing energy deposition, electromagnetic (EM)
energy, particle tracks lengths, particle count, number of secondary particles and residual
nuclei.
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Moira: Flair integration

Flair, the advanced Graphical User Interface for FLUKA has been extended to integrate Moira, this is,
editing input files, visualising geometry, running and post-processing results. It is also able to convert
FLUKA inputs to Moira automatically.
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n TOF simulations
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The n_TOF Facility at CERN
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Experimental Areas

Experimental Area 1 (EAR1)

wide neutron energy range
excellent time resolution

Experimental Area 2 (EAR2)
e wide neutron energy range
e high instantaneous neutron flux

Vertical flight path
leading to EAR2 at 18.2

New Experimental Area (NEAR)
under commissioning

proton beam from the PS
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The 3rd Generation n_TOF Target

Lead wedge =

Aluminium support

Moderators

(Aluminium) e New lead spallation target, optimised
for EAR2, in terms of neutron fluence
and energy resolution.

e Laminated target with nitrogen cooling
system.

e Dedicated lead wedge and water
moderator for EAR2.

Cradle assembly
(Aluminium + lead)

Cover (St Steel)

Expected improvement in
energy resolution.

Vessel (St Steel)
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FLUKA and Geant4 geometries and scoring planes

p+ beam

The FLUKA geometry of the
spallation target has been
implemented in detail using the Flair
interface.

For the first time, profiting from the
Moira application, the exact same
geometry has been used to run
GEANTA4.

_nToF

us
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Optical transport and comparison with experimental data

An optical transport of neutrons is
performed from the scoring plane
, to the experimental area, this is, a
3 propagation in a straight line taking
| into account the initial direction of
the neutrons at the scoring plane.

2 1st Collimator = 20 cm

; The collimating elements are

! considered as obstacles, in such a
way that if a neutron hits them, is
discarded, otherwise is considered
for the final simulation.

d X (cm)
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EAR1 simulations and experimental results

Neutron Flux (E d®/dE/pulse)
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EAR1 ratio GEANT4 to FLUKA
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EAR2 simulations and experimental results
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EAR2 ratio GEANT4 to FLUKA
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FLUKA and Geant4 simulations at EAR1scoring plane
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FLUKA and Geant4 simulations at EARZ2 scoring plane
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Origin of the ~42 MeV “peak™

& B i o~ i 7
: m
= . < 3 ..
8 10" —— 1to2degreeinZ ‘; 1
L —— 0 to 1 degree in Z é 2.8 I _
M = || ]
@ | ]
f S 26 .
° uu' il
= | QGSP_INCLXX_HPT :
= 24 —
10" | ! ] k=
- 5 =
r ] g 2.2 i
) | ) ) ) ) L ‘ ) ) ) L I| | ) ) . _\ L LI IIIHIl Ll HI‘ 1 Hl Ll Ly L IHIII\l 1 \IHHI‘ L LIIH{ L Ll L Ll IIIHl L LT
10° 107 10° 10° 10°10210" 1 10 10> 10° 10* 10° 10° 107 10® 10°

Energy (eV) Energy (eV)

Seems to be essentially due to neutrons emitted below 1 deg w.r.t. proton beam.
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Origin of the ~42 MeV “peak™
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Seems to be essentially due to neutrons emitted below 1 deg w.r.t. proton beam.

@ N s José A. Pavén-Rodriguez — Moira simulations for n_TOF — 28.09.2023 21



Geant4-10.2.2 simulations of previous n_TOF target (#2)

| neutron E distr. @EAR1 (v10.2.2 & G4ANDL4.5) | | neutron E distr. @EAR1 (v10.2.2 & GANDL4.5) |
T FTI ICLXX HPT (x0.950) QGSP_INCLXX_HPT (x1.033)
—_— QGSP_BIC_HPT (x0.788)
1 05 I s r‘J;:l"l Ij:"i 1 05 - QBBC_HPT (x0.713) ﬂﬂ’i‘l J"H-‘E“!
@ : FTI BERP HPT (x0.755) FI] 1 ‘j @ : QBBC (x0.837) |'H h
0 [ 4 b 7] [ 4 1
= | T Evalated ﬁ i = | . Evaluated ! §
o 3 h, o 41’,11 %
o I {: e W "HTN R .
= o W =
E qu f iy E f o by
= ,-mr"j|f \“"\ﬁ i e \‘»\\
10* - pe 104 P I
- |
§-1 00 . . §-1 00 = ]
0 r . @0 r 1
© 50 I 4““"0 ] © 50 I v“w "‘*‘:’“g —]
=5 o : % s a8 =1 ~ - *, P
=R . R, - . . AN 2%
@ - - v mcn o R et g o G, T :‘/""ﬂ ] D . IR Y-S YT ST IS ST ‘e e il
2 0 [ pamsrismmsietionisrs oo Band iy P AT P n @ 0O P e et i £ AR A T Y T e v ]
o = o ._-é L ;;':rf%:. e . o e P R e WP -y ]
sol N i sok | I R i
1 10 10* 10° 10* 10° 10° 107 10° 10° 1 10 10* 10° 10* 10° 10° 107 10° 10°
E [eV] E [eV]

No “peak” observed at ~40 MeV in the

: . : (See talk @ Ferrara 2016 CM)
previous simulations done (10.2.p02)
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Summary and conclusions

e The Moira application for Geant4 simulations with FLUKA inputs has been

presented.

The first ever simulations of the exact same n_TOF geometry have been carried out
with Geant4, and preliminary results have been shown together with experimental
measurements.

A first look suggests important differences above 20 MeV, in particular in EAR1 a
peak at ~42 MeV is observed in GEANT4, whereas in FLUKA and experimental data
IS not present, nor in previous version 10.2.p02.
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