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ADVANCES IN NEUTRON INSTRUMENT SIMULATIONS WITH VITESS

Release of versions 3.7 and 3.8

13.04.2026 | NICOLO VIOLINI
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KEY LEARNINGS FROM USER EXPERIENCE

From an instrument design tool to a platform to support virtual experiments

Need to connect:
moderator simulations, beamline optics, sample & detector

Emerging trend:
virtual experiments, digital twins

’ Instrument design at modern sources is increasingly complex

IJ JULICH
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WHAT IS VITESS

®c0 Xcontrol [Users/violini
Latest released version is 3.8 File Edit Plot Configure Tools Options Help
Instrument: H15B_D11 VITE SS Version 3.8 Click parameter names for help!
. -
Monte Carlo neutron transport — B
Start output file no_fle Browse
isualizati Save
Visualization parameter i yserspviolini/coding/testing-folder/D11 Bfowes NewDir |
Modular instrument simulation o
[ J - - -
Stop Kill random |1 random | rans ) "va;g:s' 10025 gravity| on (@ 1ePer [0 @)
1 source_ILL ) 1
R . . . 2 guide 2 Inpi
e Used for design & optimisation 3 @ oo 8: o
4 guide 4 Tru
5 guide 5 Trul
6 guide 6 Tru
7 guide 7 Tru
8 guide B s ™
9 guide 9 Tru
10 mon2_pos 10 P
11 mon1_lambda 11
12 monitor2D e 12
13 & monitor2D e
14 spacewindow 14
15 mon2_pos 15 P
16 frame 16
17 slit 17
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VITESS

Release Roadmap

Release Version 3.7
Prism
Ncrystal
Al Source
KD Source
Spin-dependent scattering

P 2025 P Q12026 QP Q22026 P Q3-2026 P Q4-2026 » 2027 D
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VITESS

Release Roadmap

Release Version 3.7
Prism
Ncrystal
Al Source
KD Source
Spin-dependent scattering

p 2025 P Q1-2026 P Q22026 K Q32026 J Q4-2026 > 2027 D 4
|

Release Version 3.8
Reduce technical debt
Update dependencies,
compilation on Windows

Update of Monochromator
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VITESS

Release Roadmap

Release Version 3.7

Prism
Ncrystal

Al Source
KD Source

Spin-dependent scattering
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Update of Monochromator

Mitglied der Helmholtz-Gemeinschaft

Release Version 3.8
Reduce technical debt
Update dependencies,
compilation on Windows
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Vitess 1.8: a modernized framework for Monte
Carlo neutron tracing simulations

Josds g aci Robledo, ™ Nicold Vielin,* Fabian Beule,™ Jorg Voig,” Paul Zakalek
andd Klaiss Lieutenant”
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VITESY is a modular Monke Carlo simulation package for maodeling and opti-
miring neutnon scattering mstruments through ray tmcng of neutnm. The
latest release, VITESS 38, introduces major advances in functionality and
sofiware mfrstrudure. They include new source mexdules for integrating
extermal moderaior simulations and art fidal-inte [ penceshased flux modeling,
s well as prism fir beam deflection and orystalline material simulations via
MNCrysal Exsting madules have been extended & support spin-depe ndent
scattering, advanced monochromator motions and improved  polarization
handling. The update ako includes a Gitbased cmtinuows mtegration system
ensuring reproducibility.

1. Invtrisd uc thom

VITESY (vinual imtrumentation tool for the ESS) & a
medular Monte Carlo simulstion package designed for the
madeling, optimiration and performanes analysis of neutron
scattering instruments amd virtual experiments {Zxigmond
o al | AN Fendler ef af, 31 4; hitypsfvitess fjuelich de).
Drevel oped originally i support the design of instruments for
the Ewapean Spallation Sowae (ESS), ¥TTESS has evolved
into a vematile and widely used frmewoark for simulating
meutron propaga tion through comple x instrument geome iries.

The software implemenis a ray-tracing approach, in which
meutrons (particles charaderized by their pasition, direction,
wavelength and polarization) ane desaibed by rays. Each ray
anresponds o a discrete number of physical neutrons. These
virtual neuiron rays are propagated through a sequence of
instrument companents—such & guides, dhoppers, monoe-
chromators and detectors—cach represented by a dedicated
simulation madule, with which they are allowed to interad.
Every neutron ray carties a weight (or probability) that anbe
deaemed after cach interaction, describing how many
meutrons are stilll keft in the imtrument at a given paoint
VITEST s medular structwre allows researchers o fexibly
amemble  and mexdfy vinval imtuments, faclitating
mystematic stulies of nstrument performance and design
trade-offs a5 well as virtual expe imenis.

One of the key strengths of VITESS lies in its halance
e tween physical scowracy and computational effiiency. The
o accounis for the esential physios of newtran interactions
with instrument axmponents while remaining sufficiently fast
for extensive parameter studiex Bt supperts both continuous
saraes and pulsed source time structures, enabling the
mealistic simulstion «of mexdem neutron Bdlifes. The soft-
ware's ability to interfae with data formats such = Monte
Carlo Particlke Lists (MCPL) { KGtelmann o al, 2017) further

6TB  hampchdol selo. 1107/S1 S005TET 6001093 L Agpl. Cepst (IOIE). 59, 678685
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VITESS

Release Roadmap

Release Version 3.7 Version 4
Prism New GUI (PyQt)
Ncrystal New Python library to work with instruments in py scripts
Al Source LiveMode for Digital Twins
KD Source

Spin-dependent scattering

Release Version 3.8
Reduce technical debt
Update dependencies,
compilation on Windows

> Q32020 > Q2026 D 2027 D

Update of Monochromator
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VITESS

Release Roadmap

Release Version 3.7 Version 4
Prism New GUI (PyQt)
Ncrystal New Python library to work with instruments in py scripts
Al Source LiveMode for Digital Twins
KD Source

Spin-dependent scattering

Release Version 3.8
Reduce technical debt
Update dependencies
Compilation on Windows

Update of Monochromator
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> Q32020 > aez26 D> 2077 D3

Version 5
Modernize and port to C++
Large library of reusable code
Some modules running on GPUs
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VITESS 3.7

Overview
Al-Source Improved coupling between moderator simulations and instrument
KD-Source modelling, use of MCPL based input
Ncrystal integration New physics capabilities
Spin-dependent Extended ability to work with neutron spin
scattering
Prism Neutron refraction
Moving monochromator Ability to simulate more complex cases such as Doppler, rotating

crystals, Phase Space Transformer

IJ JULICH
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VITESS 3.7

KD Source (trajectory module) & Source Al (source module)

—5— MCPL
~ 4~ Source Al
—A— KDSource

MCPL File 400 F

Python API 3 ﬁ
r Bad

g

g

1. Choose Al model =
2. Train model on MCPL , s
3. Test generated sample Good —— JIT compile gm_
vs MCPL ~ : and export =
( 5 ol
jit_AI.model File ol
Vitess API Source Al s0f | | | | | | ! ) |
| NFITESS ; : i - = = 5 =
Following modules Soem e
g Figure 4
Figure 3 _ ' _ Comparison between different sampling schemes: reading in the MCPL
Workflow for using the source_AT module. Models must be trained in file, sampling with a trained AT model such as a normalizing flow, or
Python and need to be JIT compiled to be used by the VITESS module. sampling with KDSource.

IJ JULICH
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VITESS 3.7

Ncrystal integration

Module 23 sample_ncrystal
NCrystal Config string definition

maleﬁ'[‘:' LiquidWaterH20_T293.6K.ncmat

Temperature [K] 10

Solid sample s
Crystal parameters
d-cutoff [Ang] 0.5 crystal mosaicity 0-2 tolerance [deg]
Crystal directions
Axis 1 Axis 1 Axis 1
1 1 0
h k I
Axis1 Axis1 o Axis1 g
dir x diry dirz
Axis2 g Axis2 4 Axis2
h h I
Axis 2 Axis 2 Axis 2
05 0.866 0
dirx diry dirz
Repetitions of the same neutron event
repetition 1
Sample shape
sample
geometry 79
Sample position and size
X[cm] S0 Y[cm] 0 Z[cm] 0
thickness or : inner diameter
3 28
diameter [cm] height [cm] or width [cm]
offsetangle o offsetangle 4
horiz. [deg] vert. [deg]

Incident neutron parameters

incident
lambda 8
Output frame
X' [cm] S0 Y [cm] 0 Z[cm] O
horiz. angle 4 vert. angle 4
[deg] [deg]

Mitglied der Helmholtz-Gemeinschaft

Axis 2dir 40057

REQUIRED INPUT

Material file

T
Solid sample: y/n

Crystal paramters: d-cutfoff, mosaic, axis2 tolerance

Crystal axes directions (h,k,l) (x,y,z)
Sample shape: hollow-cyl, cyl, sphere, cuboid
Sample pos and size

Incident neutron wavelength

Output frame

13. April 2026
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VITESS 3.7

Spin dependent scattering

e Spin manipulation was found faulty and fixed in the following modules:
e polariser_he3
e polariser_sm
e pol_mirror

e flipper_caoill

Recommendation to our users:
Please download the latest VITESS version and check any polarisation device

l) JULICH
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VITESS 3.7

Spin dependent scattering

e Spin-dependent inelastic scattering: the spin option added to the following modules:

e sample_inelast

e eval_inelast

5(q, w) =

thcoh(qv (1)) 1o

Tincoh Smcoh (q ’ a))

o detector
S —S;, with probability
f =
S.,
Spin flip channel
20 - 107 20
f --l
= Ve 1077
o - 0
%‘ _:_ - (s - =n - —_ 10—10 %
%-20 . g B S ~w E.—9p
- _.:E' s B Z 10733 2
& il e z &
b' -40 [ -E- = S b' —40 -
P e 1 - . -:-! 10716 2
@ e - g o
& —60 RSty e . 10-10 $ —60 -
e 3
-80 - = B 1022 -80 A
-!.:._. ';-EQ‘J!J[;:- - —=
3 4 5 6 71 8
QI[1/A]
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VITESS 3.7

Prism — developed from the original contribution by T. Krist (NOB)

e Simulates neutron refraction by a prism or a stack of prisms

- 2
Gravitation corrector A

nemror-—:%fm 4 h . Energy analyser B=1k— gl)

W
o N columns

Dimensions of the assembly:
Width W 1 |AA .
Depth =Nxb 2 | £

Height =Mxh i

M rows <

Example: m——

N=16 neutron beam

M =120 M,
b=0.35mm

h=0.25mm

9 JULICH
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slit_1 slit_2 slit_3 slit_4 sample

VITESS 3.7

vec_sel ---1

Prism

v

e Simulates neutron refraction by a prism or a stack of prisms o

Gravitation corrector
neutron beam _.
— - Energy analyser

7 < |n Example: D11 @ ILL

W ‘ _
b Neutron wavelenght: 20 A

N CO'Hm”S prism-sample distance: 17.5m

N 2t 2D .\Innilu:mh’:l‘:iiH n/s: 2D Monitor Intensity n/s:
Dimensions of the assembly: 12 g ‘
Width w
Depth =Nxb 2
Height =Mxh == | =] == ] * _

M rows -

Example: _ _
N=16 neutron beam With prism
M - 120 M 4 y F " S ’ 10 5 0 5 10 ’ -10 5 0 5 10 ’
b=0.35 mm el pos_y el

=025 mm 2D pos monitor at sample

IJ JULICH
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VITESS 3.8

Overview

e automated module testing for regression, memory leaks, and undefined behaviour

build test package publish

& compile-centos? o ® test-darwin o & package o % pages >
@ compile-darwin o ® test-files o ® sync o
@ compile-debian o @ test-rocky9 5]

& compile-fedorad0 o @ test-windows o

@ compile-rocky8 o

l

230 automated tests

Mitglied der Helmholtz-Gemeinschaft 13. Apri| 2026 Seite 16 Forschungszentrum
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VITESS 3.8

Overview

e automated module testing for regression, memory leaks, and undefined behaviour,

e improvements in the graphical interface and plotting tools

Plot AutoPlot
K - |
@ GR Plot

grplot 2D Monitor Intensity n/s:

python

gnuplot L 15000000

tcl -

d) JULICH
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VITESS 3.8

Overview

e automated module testing for regression, memory leaks, and undefined behaviour,

e improvements in the graphical interface and plotting tools,

* better cross-platform support (ex. KDSource on Windows and Source Al on MacOS)

e various fixes in modules such as monochromators and monitors.

@) JULICH
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VITESS

Outlook — upcoming versions

e Qt will be used for the next graphical interface
* Instrument files will be written in .yaml format

e Python library to enable programmatic instrument definition and integration with python-based workflows
e Port the code to C++ and GPUs

a platform for comprehensive

from a design tool towards : ; :
neutron experiment simulation

@) JULICH
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VITESS

Conclusions

» VITESS 3.7 introduces significant advances in source modelling and physics capabilities, enabling improved
coupling between moderator simulations and instrument modelling

e VITESS 3.8 focuses on robustness and usability

e VITESS 4 and 5 will enable more comprehensive virtual experiments and digital twins

Scan the QR-code
and
download the latest version!

. . . . . . https://iffgit.fz-juelich.de/vitess/vitess
« Visit the website https://vitess.fz-juelich.de

@) JULICH
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Thank you for your attention!

We thank the VITESS user community for their
contributions, feature requests and feedback,

which directly drive the development of the code.
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