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Introduction

Authority

Fusion energy entering the delivery era.  TER

In several places around the world we
have reactor design efforts.

In silico design: need for accurate data,
models and modelling to reduce
uncertainties.

Boundary physics is one of the major
concerns as it is a strong design driver.
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Reactor exhaust physics
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« Need to reduce the energy fluxes: transfer energy to
particles that are not affected by the confining fields.
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Atomic processes!
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Excitation, spontaneous emission, ionization, \g CCFE
charge exchange, molecular processes. EUSTON ERNIES
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More reactor exhaust physics

* Reducing the energy density fluxes is [
not enough. We need to reduce the
particle fluxes as well, due to surface

recombination loads.

« Also, we must have low plasma
temperatures to avoid sputtering

(lifetime reduction).
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(ultimate) detachment

Atomic processes again!
Volumetric recombination (including
MAR), molecular processes.
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Without detachment, we have loads that are
more than one order of magnitude higher
than tolerable limits!

» Alternative configurations can

improve detachment.
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Examples of alternative configurations LK Ao
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MAST-U
Energy
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 MAST-U started operations in
October 2020.

 Its incredible flexibility in terms of
magnetic geometry and excellent
diagnostics will provide a good test
ground for ideas.
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Reactor conditions
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Understand high Z impurity

High core radiation to reduce the target transport and radiation at high

loads.

temperatures.
Low target temperature due to erosion
(llfetlme Issue). 4507 m
400 Peep
350~ -Ptarget
Metallic machine. 200} Core
radiation
§.250
[l LN L . [l . EZOO’
Significant seeded impurity population. ol
100+ Divertor
sl radiation
Deep detached state?
0 EU-DEMO ITER

Siccinio (2020)
Tritium and plasma chemistry for
inventory purposes.

KN
=CCFE
Atomic and Molecular Data Needs for Plasma Applications Workshop - F. Militello S



9
Xk

Reactor conditions

Authority

. L Understand high Z impurity
High core radiation to reduce the target transport and radiation at high

loads. temperatures.

Low target temperature due to erosion Detailed understanding of low
(lifetime issue). temperature (<1eV) behavior of

impurities.

Metallic machine. 10

107

Significant seeded impurity population.

Deep detached state?

Yield (at/ion)

10'3;

Tritium and plasma chemistry for
inventory purposes.

10+
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Reactor conditions

Authority

. L Understand high Z impurity
High core radiation to reduce the target transport and radiation at high

loads. temperatures.

Low target temperature due to erosion Detailed understanding of low
(lifetime issue). temperature (<1eV) behavior of

impurities.
Metallic machine. |]:> Tungsten is likely to be the “star”!
L (@) JET  ——— Hgg=0.538)

Significant seeded impurity population.
1.0

Deep detached state?
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Reactor conditions

Authority

. L Understand high Z impurity
High core radiation to reduce the target transport and radiation at high

loads. temperatures.

Low target temperature due to erosion Detailed understanding of low
(lifetime issue). temperature (<1eV) behavior of

impurities.

Metallic machine. |]:> Tungsten is likely to be the “star”!

Metallic machines requires large

Significant seeded impurity population. |]:> concentrations of impurity
species. (but don’t forget He).
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Reactor conditions

High core radiation to reduce the target
loads.

Low target temperature due to erosion ":>
(lifetime issue).

Metallic machine. |]:>

Significant seeded impurity population. |]:>

Deep detached state? ﬂ:>

Tritium and plasma chemistry for ":>
inventory purposes.
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Understand high Z impurity
transport and radiation at high
temperatures.

Detailed understanding of low
temperature (<1eV) behavior of
impurities.

Tungsten is likely to be the “star”!

Metallic machines requires large
concentrations of impurity
species. (but don’t forget He).

Role of molecules (e.g. MAR).

Chemical reactivity with T needs
to be properly accounted for.

=CCFE



Size matters
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Authority

* Many properties of the SOL are related
with ratios of length scales.

—
o

» Collisionality: L;/Ae;.

» |onization mean free path with respect to
machine size and divertor leg length.

» Position of the ionization front with
respect to the length of the divertor leg.

Z[m]

» Mean free path with respect to the
distance between inner and outer target.

<

» Closure induced by size (better R [m]
segregation of impurities, better neutral
compression)!
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» Opacity induced by size (like a hot
blanket, it can change detachment)!
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Examples of Reactor Modelling

This is an example of a SOLPS DEMO

calculation with alternative configurations.

Acceptable operations can only be achieved

at high Ar seeding.

Radiation physics plays a major role in

determining the operating regime.
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Modelling challenges for reactors U Ao
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Integration for predictive modelling;

Need for fast codes and a multi fidelity approach;
Development of kinetic/fluid models;

Error bars and uncertainty quantification;

Filling the gaps in atomic and molecular data.

Core Plasma code:
JETTO/SANCO

ETS
TOPICS-IB

SOLPS
EDGE2D-EIRENE
SOLEDGE2D-EIRENE
SONIC
ueose 0.01
EMC3-EIRENE
Pl d Neutrals Monte-Carlo Code
b OSM-EIRENE e
Solves fluid plasma iterative Solves kinetic transport
equations (time-dependent) equations
Braginskii type coubl for neutrals 0 0 O 1
coupling

I i - %
e e 600 800

Usually: non-orthogonal,
rectangular mesh

Transport: classical parallel, Atomic & Molecular details

adhoc radial transport Valentinuzzi (2019)
B2.5/B2, EDGE2D, EMC3 Coupling to PWI codes EIRENE, DEGAS, NEUT2D

SOLEDGE2D, SOLDOR g2y pivimp, IMPMC, MD, WallDYN Wiesen (2017)
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How can the Atomic and Molecular
physics community help

Improved data for:

* Optically thick plasmas;

« Kinetic collision operators;
« Vibrational states;
 Isotopes (T in particular);

Data accessibility;

Better wall models (reflection,
absorption and adsorption;
population re-injected);

Help developing efficient codes.
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Summary and conclusions

Authority

« Plasma exhaust faces new challenges as we
move towards reactor physics.

« Boundary physics is a key factor in reactor
design.

« Atomic and molecular processes determine
many (most?) of the dominant boundary
plasma mechanisms.

* The integration of atomic and molecular
processes in reactor design needs to be
efficient and requires accessible tools
(appropriate fits, databases, etc.).

« There is (will be) a lot of effort on developing
new tools in boundary physics and the
atomic and molecular physics community
can give an essential input.

A

Plasma filaments in MAST, showing the
interaction between the plasma and

the neutrals
=CCFE
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