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« The Sun nuclear-fuses light
elements into heavier
« Large energy release

 Fusion research aims to pro-
duce electricity & 4

 Very high temperature *
-> gas ionized into plasma

 Electrons & ions move
separately

NASA



The hot plasma is confined with a
torus shaped magnetic field

 Charged particles follow the
magnetic field,

 but only approximately:

« the confining field needs
engineering.
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The hot plasma is confined with a
torus shaped magnetic field

 Charged particles follow the
magnetic field,

* but only approximately:
« the confining field needs
engineering.
 The stellarator is optimized
with supercomputers.
 The confinement to be Wendelstein 7-X stellarator (W7-X)

demonstrated. . .
| Magnetic coils &
A’ gn::: L:m:;m 2020-10-23 HPCE3 TAM2
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W7-XIs superconducting,

steady state =2 complex

70.000 unique, 700.000 total
parts

« Perhaps the largest integrated
CAD model in existence

Inside the vacuum vessel.:
« Fully water-cooled: 4 km water
pipes [
Only key components mcluded
In the model T A
AP sl

W7-X Under construction.
Two humans for sca|eeteer2020 serpent ucM
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https://www.iter.org/doc/www/content/com/Lists/Stories/Attachments/680/ITER_W7X.pdf

Steps Iin expanding the model

Identify the most important component
Find the component in W7-X CAD model
Isolate and simplify in CATIA

Create a surface mesh

Test the mesh within-SERPENT “

Fix the mesh ~

Prepare the material definitions

© N o bk Wb

Check the simulation

Aalto uﬂi'H'EfE_It‘j
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Neutrons are direct indicators of
the fusion performance

 Neutrons are produced in the

Currently W7-X operates

fusion reactions only with hydrogen-1 (1H)
s b o T - Deuterium 4D under
D+ 1D — j;He + (n(2.45 MeV) preparation

Oy 4 2 /3 )] .
D +1D llT 1P  In W7-X, indication of

2p 43T L, 4He +(1n (14.1 MeV) confinement of fast ions

 Check the confinement of
fast tritons

* In this work measured with
A? s, Scintillating Fibre 14 MeV
- neutron detector (SciFi) -



Scintillating Fibre 14.1 MeV
neutron detector (SciFi)




SciFi has anisotropic detection
efficiency = implemented in DTL

« SciFi detects neutrons better

along fibres. Measured.

« SciFi optionally in a bPE
collimator box.

 Model qualitatively
reproduces the count-rates
with bPE when
using the directionality

measured w/o the collimator
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- '|;|li',()°-90° Titanium-tritium
A w(arget PIAF
SciFi | +------=sfflonbeam
\/ 7 ‘/, D21skev Ttarget = N14.8Mmev
P3.3mev T target — N2.40mev
—————— Experiment (14.8MeV)
Model
Jan Paul Koschinsky's measurements at
T armanys national metology mettts
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Many key compo-
nents included

« Triangular surface mesh
(STL) based geometry
definition
e (3x10° triangles,

15GB total memory)

« Certain components with
CSG, such as:

« simplified water manifold,
torus hall, PE collimator

Aalto University
School of Science
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Horizontal cut at midplane

Im

Borated PE
collimator box




Model optimization resulted In
100x faster model & higher quality

« Geometry search mesh parameters

« Geometry structure
« Split geometry into disjoint domains
« Organize mesh model into
hierarchy of universe levels

« VR WW via 3 iterations.
 Global VR
» Detector optimization
* bPE collimator not included
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Weight windows & NBUF full

e SET NBUF 1000000
(for 40 threads)

« 14.1 MeV 2> 1 MeV
Little absorption, weak scattering

« VR weight windows change 11
orders of magnitude
 (in the figure, more in total!)

 Need aroutine to analyse the
buffer?
« dump the buffer to a file for
analysis?
A? School of Science




Neutron following is
embarrassingly parallel

e Run on 32 nodes with 40
threads each for 3 hours

« Larger simulations possible
to reduce noise or increase
resolution

« 4.5x10°%initial neutrons
(868 histories/(CPU s)

Aalto uﬂi'H'ErE_It‘j
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Instrument function:

DTL dx,dy,dz by

|
f Gwdl
Vdet tracks

counts Vilasma
-y f Ao 5 4,
b

S in bin
N s

—

(Ddet —

bins

instrument function
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location

Probability of detecting a
neutron born in a given
location.

Bin the flux as a function of
neutron birth location

« Anisotropic efficiency (calib.)

Integrate over neutron source
» Effective active area (calib.)
 srcrate (Isotropic src)

October 2020 Serpent UGM
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Components shadow neutrons,
little back-scattering

* The detector sees e o A
scattered neutrons 53060

Energy (MeV)
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Components shadow neutrons,
little back-scattering

« The detector sees s & R
{~ contribution of coil
Scattered n eutro nS 60000 —t— contribution of collimator
t— contribution of port
 Sensitivity study: #0000 i sebisoifch 8
. o contribution of rin
rem OVE Var I O U S E oo —f— contribution of hal?
components = RS
- components shadow "~
neutrons R |
-60000] V |
_80000.l T | | - 0= q)full _q)partial
| 5 3 a5 6 7 8 810 14
A . School of Scionce October 2020 Serpent UGM
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SciFi is wide-angle

—}— Full model
—}— omitting coil
t— omitting collimator

t— omitting port

+— omitting VV
—t— omitting PFC
omitting ring

~4—~ omitting hall

« Detection efficiency
near the plasma centre
at various locations
around the torus

N
o

E=12.5..14.4 MeV

,. "

73
u

=
e

* Non-local measurement

o
wn

SciFi instr.fun (1071° cnts/n)

0° 12° 24° 36° 48° 60" T2
Toroidal angle (deq)
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Estimate: 50 ms integration time
needed for SClFl Total reactivity of

neutrons

1. Calculate fusion rate using
ASCOT suite of codes

2. Calculate neutron flux at the
SciFi detector using Serpent

3. Convert flux to counts using
measured calibration factors

- 160 cnts/s from neutrons
(14.1MeV) = estimate SciFi needs
50 ms integration time

1 | \ l.
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Summary

[physics.comp-ph]

Proceedings of the 2020 SOFT-conference

(Symposium on fusion technology)

« key components included
« model optimization crucial

« The SciFi detector is expected to
require 50 ms integration time

» The detector measures neutrons
from a large plasma volume
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