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SPEKTRE (Sheaths, Plasma Edge & Kinetic Turbulence Radiofrequency Experiment) is a research platform in plasma physics and nuclear fusion, currently under
construction in the Institut Jean Lamour (Nancy). SPEKTRE is the result of a cooperation within a research agreement between the University of Lorraine and
the IPP Garching. It will produce a plasma 40 cm in diameter and 6 m long, under a maximum magnetic field of 0.5 Tesla generated by 13 large flat coils of the
former W7-AS stellarator. The first plasma is scheduled for late 2023, and will be followed by a gradual ramp-up to enable research in the following areas:

* Physics of RF sheaths and ICRF heating;
* Instabilities in magnetized plasmas, turbulent transport of impurities;
* Targeted studies on plasma-wall interactions, including liquid metal wall;

* Beyond the scope of fusions plasmas, surface treatments by magnetized plasmas.

Conceptual Desig

SPEKTRE was originally designed to be a step beyond the IShTAR device [1].

The final design integrates the IShTAR’s helicon source chamber and 13 planar coils from former
W?7-AS stellarator, in the frame of a research agreement between MPG-IPP and the University
of Lorraine.

= Main vacuum vessel 5.97 m long, 0.9 m
= Plasma diameter 0.4 m
= 42 ports available for diagnostics

plasma 100 kW vacuum magnetic

s ICRHantenna et field cois
[

T

The Skyfall-l LM test bed at Renaissance Fusion (top
left), scheme of principle (top right) and design
implementation of the LM test-bed on SPEKTRE for
dedicated campaigns with Renaissance Fusion (bottom).

Side view (top) and B-field configuration in the
main chamber @ 0.5 T (bottom)

Current status:
* Coils and supporting structures are in place.
¢ Main vacuum vessel is being manufactured and will be
installed in September 2023.
* Helicon plasma source is being adapted to the new
vacuum vessel, new RF generator arriving this fall.
Next steps:
* First plasma in Dec. 2023 (no B field in the main coils)
* Coils connected to cooling and power supplies by
summer 2024, first experiments with homogeneous 0.1 T SPEKTRE in June 2023, before the
by sept. 2024. installation of the main vacuum vessel
* Installation of banks of capacitors for 0.5 T operation and
ICRF generator and antenna expected by mid-2026.
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Operational Phase | (2023 - 2025)

Technical capabilities Program

» B-field: max 0.1 T, stationary. * Development, testing and

* RF power: 6 kW @ 13.56 MHz (only installation of diagnostics and
helicon source). main auxiliary systems.

* Coldions, T, in the eV range and low * Fundamental investigations on
plasma density expected (106 — 1018 m-3 plasma instabilities in large, low-
with H), derived from 0t order model. H magnetized plasma columns [2].
plasmas dominated by longitudinal losses, * First experiments with LM SkyFall
He plasmas dominated by radial losses. test-bed (Renaissance Fusion).

* Education & training.

Operational Phase Il (from 2026/2027)

Technical capabilities H He
* B-field: max 0.5 T (pulse, 2s flat-top) n, (m3) 3.410%@ 6510 (@)
and still 0.1T stationary in dedicated campaigns. 27109 () 3.5 10% (b)

* RF power: 20 kW @27.2 MHz (helicon source) T, (eV) ~10(1-100) ~10 (1-100)
and up to 100 kW ICRF @ 13.56 MHz. T (eV) 65-26 6-10
¢ Standard scenario: B =0.44 T, 120 kW RF. !
Expected plasma parameters at B = 0.5T
with (a) 20 kW RF, T, = 100 eV (b) 120 kW
Research Program RFT.=1eV
* RF sheath and ICRH:
¢ Exp. & modelling of RF sheaths & their effects around antennas (Petra-M + TORIC)
¢ Interpretation of RFA and Probe diagnostics in RF plasmas
¢ RF active compensation based on the excitation of slow waves
« Arcing in presence of RF field
« Improving RF coupling while minimizing heat flux and impurity release [3]
¢ Turbulent transport and impurity transport
* Experimental characterization of impurity transport and comparison with
modelling with GYSELA « Roo » version
¢ Propagation of waves in the p-wave range in turbulent plasma
¢ Dedicated PWI investigations
< Thresholds for triggering and sustaining unipolar arcs in magnetized plasma (exp.
and PIC simulations)
* Impurity and droplets release by arcs
¢ Physics and control of flowing liquid metal walls, link to the release and transport
of metal impurities (experiments, PIC and GYSELA simulations)
¢ Fundamentals of magnetized plasmas
* Diagnostics and software development, including Al and real-time control
« Surface treatments by low-temperature magnetized plasmas (0.1 T): improving
uniformity for large samples

¢ Education & training

SPEKTRE is a new magnetized plasma research facility about to start operation. After a
first operational phase during which the machine will be progressively upgraded,
SPEKTRE will acquire some fairly unique features (a large-volume, well-magnetized
plasma column with 100 kW of ICRF heating) combined with many diagnostic
possibilities, that will make it an accessible instrument for the study of phenomena of
broad interest in magnetized plasmas.

The SPEKTRE team is widely open to collaborations




