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The Science and Technology Facilities Council is a body of UKRI.
It Is a UK government agency dedicated to advancing science and engineering.

STFC operates independent research premises and facilities across the UK, offering state-of-the-art
Infrastructure for cutting-edge experiments and scientific investigations.

It funds research in particle physics, nuclear physics, condensed matter physics, space science, and astronomy,
and operates world-class research facilities across the UK.
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Advantages of Assessing an Official Collaboration with FLUKA Team at CERN

A user-centred integration of existing technologies

. :
Direct su PO rt for ISIS and other to solve a real and pressing problem
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THE BREAKTHROUGH WAS USER-CENTRED INTEGRATION, NOT INVENTION.

"The Web Is a perfect example of how existing pieces, when put together with a clear

Science and focus on users and a real problem, can create something far more powerful than the
& Ligirrivive sum of their parts. "
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Nuclear codes evolution beyond their initial scope

Neither MCNP nor FLUKA became global reference codes because of their original applications alone.

Their long-term success resulted from continuous interaction with expanding user communities, whose
evolving requirements drove the development of new capabilities far beyond the original reactor physics and
high-energy physics domains.

Reactor design and safety, fusion systems, medical physics, radiation
MCNP Reactor physicics protection, homeland security, spent fuel analysis, space nuclear systems,
neutron instrumentation, detector modelling

Accelerator design, radiation protection, shielding, medical physics and
hadron therapy, space radiation analysis, detector design, dosimetry,
nuclear engineering, iIsotope production, activation studies

Igh energy Phisics in
accelerator context

Trajectories of field-emitted electrons from an LCLS-Il super-conducting cavity
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FLUKA in Neutronics Activities

HOME DOWNLOAD - DOCUMENTATION ~  FLAIR SUPPORT ~

FLUKA Beginners' Training (May 16
- May 20, 2022)
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Release of FLUKA 4-2.2

2022-03-02 -
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Paper publication on Frontiers in
Physics
Release of FLUKA 4-2.1 o Installing, Running and Runtime Errors
Category for questions related to installing and running FLUKA
2021-12-14 - and Fla\{
Flair
Category for questions related to the graphical user interface
more Flair.
Source Definition
Category for ing built-in source options, like
particle beams, hadron-hadron collisions or isotropic sources.

FLUKA 4-2.2,2022-03-02 Documentation

Flair 3.1-15c , 2021-10-21

Registration problems? Enquiry about a
commercial license? Enquiry about an

institutional license for accessing the

source code? Feedback to the website?

Flair Graphical User
Use the contact form. er Fo Interface Courses and events

T
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Neutronics Group in ISIS

List of codes:

Neutronics

- MC codes: MCNPG6, FLUKA, GEANT4, PHITS, Open
MC, McStas

simulations
MCNP. FLUKA

- deterministic: FETCH?2

High energy

* Low energy

—- - ) = 2 _ Thermal Neutrons 0.1-0.3 nm
mv  Cold Neutrons 0.2-1.0 nm

~dffp—

\\‘////ISIS Neutron and
m\\ Muon Source

Instrument
source:neutrons

Engineering McStas

source:neutrons

from target form moderators

Particle pulse
intensity and shape

-nergy, Dose,
Decay Heat

(Average energy (Time dependent
fluence) neutron fluence)
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Why FLUKA: R
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The FLUKA-CERN Updates on Neutronics

Recent important progress achieved in neutronics simulations with FLUKA.CERN

Implementation of Point-Wise XS and treatment (this
allows explicit transportation of secondaries of nuclear
interactions).

Enhanced Capabilities at low energy/temperature:
Improved simulation of low-energy neutrons, particularly
thermal and cold neutrons, with available scattering
kernels S(«,B,T) XS for numerous materials at low

temperatures at various fixed temperatures.

Expanded Data Library: Users now have the flexibility
to select from various data libraries (JEFF, ENDF, JENDL,
BROND) and file formats (e.g., ACE), enriching FLUKA's

capabilities.

Integration of Ncrystal in FLUKA (in progress): Dynamic
linking to NCRYSTAL data Libarary. This is within @
collaboration among ISIS, ESS and CERN

e
V.Vlachoudis
Neutron fluence in Au
1 il UL
- Point-Wise
Group-Wise ]
I _ Ga ]
— 73 —
= 0.1 E % i Mcnp
£ . ‘r) | T:t&r{/ i -
2 \\\ i ”i.i ’ﬁ ;.
S go1lk P\ F [
w ' - AT - I [ |
Q ( kl ; |1
L; 0001 5_ | '\u
S : ) :
R ™
2 | f ;
: l
< 0.0001 ! J
i _| i‘ - - ‘ ' zH Neutnl)n Fluence ‘ |
i s : PW+S(a,b) —— S(a,B,D On er
1x10-5 s ol Pl T AT
1x10°10 1x108 1x10°° 0.0001 1
Neutron Energy (MeV)
Graphite - Track length o
1
141012 prrrrmm ’
1.2x1013 F free
1x10"3 | tq| _ | |
8X10 12 L S 0.0001 0.001

6x1012 |

4x1012

2x10'2

ncrystal

Doppler broadening example

| *
)
I
[l
‘H: |
‘ || \|
,“\ ‘I“ \

0.001 0.01 0.1

Energy (eV)



mailto:vasilis.Vlachoudis@cern.ch

The FLUKA-CERN Updates on Neutronics

Recent important progress achieved in neutronics simulations with FLUKA.CERN

Implementation of Point-Wise XS and treatment (this V'VIaChOUdISN _____
allows explicit transportation of secondaries of nuclear L
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Enhanced Capabilities at low energy/temperature:
Improved simulation of low-energy neutrons, particularly
thermal and cold neutrons, with available scattering
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Benchmarking FLUKA Models of T'S1 TRAM
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Published works

Journal of Neutron Research 24 (2022) 313-327 313
DOI 10.3233/JNR-220030
10S Press

Decay heat 1n ISIS spallation target:
simulations and measurements

Lina Quintieri *, Steven Lilley, Dan Wilcox, David Findlay, David Jenkins, Stephen Gallimore and
David Haynes

ISIS Neutron and Muon Source, Rutherford Appleton Laboratory STFC, OX11 00X, Didcot, United Kingdom

D. Wilcox et

al., “Simulated and measured
performance of the ISIS TS-1 Project
target”, Journal of Neutron

Research, vol. 26, pp. 4758, 2024.

Radionuclei inventory in ISIS TS1 target: measurements and comparison with
FLUKA-CERN predictions
Conferences
Weh.Of
Lina Quintieri'-*, Steven Lille$1 DﬁﬁlcEle,er g{ “Gordon Burns', and Angelo Grossi?

'ISIS Neutrm‘n hplr Selg, therford Appleton Laboratory STFC, OX11 0QX, Didcot, United Kingdom
2ENEA- Dept. Fusion and Technologies for Nuclear Safety and Security, Centro Ricerche Casaccia, Anguillara (Roma), Italy
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Final Benchmarking k(DPA-NRT) for Tungsten in ISIS-TS1 target

Comparison with Hapaniya values measured at * The Mason K(cDPA) provides a model to link thermal

PSIwith LFA and D.Findaly at RAL conductivity with Arc-DPA

W7 T T T * FLUKA predictions on the plot have been located according
X Habaniya etal,, N 509 (2018) 152 3 the correspondence between DPA-NRT and ARC-DPA as

1.6 ®  Finlayetal, NIM A 1089 (2026) 171555 ~ reported in the table below ( ARC-DPA almost a factor 4 lower

® FLUKA + Mason (Mason et al., PRM 5 (2021) 125407) = _

than DPA-NBRT)

1.4 -
— 1.2 ]i -
% P2 - NRT-DPA eq
S 1.0F ¢ - - == i:ﬁ‘*—J
B : - } P2 - NRT-DPA eq ] s = o
~ 0.8 ? X _ b

B

pafbin/primar?(’

: I 0:5 = 1x1023°
0.6 ! ¢ } 5 - oo IR = = —

" ® i 08 10 5 E 5 10
0.4 - Spatial distribution of ARC-DPA in Plate2
02— ———+———=  (contributions from Acc., Target division)

DPA

The thermal conductivity values derived from FLUKA predictions, using Model of Mason et al, are overall
consistent with the experimental measurements, with good agreement within the associated uncertainties.

The main discrepancy is observed, for plate 2, at highly irradiated scenario (935 mA: h) case, where the
calculations based on FLUKA predict a smaller degradation of thermal conductivity driven by the DPA
contribution, with a difference of less than 20% between the experimentally inferred from temperature profile
fitting (D. Findlay et al) in and calculated values of k.



Importing CAD Geometry into FLUKA: Recent Results for
Vesuvio Detectors
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.....and Many Applications so far

Neutron map at the sample location in the TOSCA TSI instrument Spatial mapping of neutrons at NILE

1e7 Neutron FLux at the TOSCA sample
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Conclusions

FLUKA -Cern is a fundamental tool for neutronics work

Advanced features of neutronics make FLUKA a suitable code for designing cold
moderators and supporting neutron instrument developments (Dynamic link to NCRYSTAL
library)

Th

er

e FLUKA code features as a valuable tool for optimizing neutron source facilities by
abling comprehensive tracking of neutrons from the target to the sample

FLUKA allows Energy deposition and DH calculation with the same simulation

Successful implementation requires some advanced features and the development of an
appropriate interface between the FLUKA model and optical simulation codes like McStas,
which are used to simulate instruments. We are now in the phase of finalising the coupling
between FLUKA model of TS1 and McStas instrument models
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