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 THORELLO device (Simply Magnetised Torus) 

Topic: Turbulence in magnetised plasmas 

Latest results will be presented in forthcoming EPS Plasma Physics Conference – Barcelona , June 2021 

Helimak configuration (open field lines) 

Dynamics of blob and holes (plasma 

density fluctuations) in the edge  

 The device is operated at U9 

PlasmaPrometeo Laboratories 

AURORAL  OBSERVATORY  of  TROMSO 

CRNS - MARSEILLE  

HOST VISITING PhD - IRAN 
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Plasma techniques for materials and environment 

 

 

 
• Development and characterisation of plasma source       

• Surface Engineering, Fluid Interfaces and Biosurfaces 

• Supersonic Plasma deposition technique for the nanoscale for 

nanostructured TiO2, ZnO, SiO2 

 
 

 

Vacuum Plasma techniques for nanostructured 

materials: research and applications 

Atmospheric Plasmas: new composite materials 

and air purifications 

 
• POlymeric materials based on LIgnin for Sustainable 

Technologies –POLISTE 

• Abatement of noxious substances and microbes in air 
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Supersonic plasmas and nanostructures 

Coatings, 2020, Carbon 2021 

Photoluminescence of Hierarchical Diamond-

Like Carbon Nanocones – Silica 

Metamaterials Synthesys 

Hierarchical structure TiO2 

employed for solar cells 

TEM analysis of a PA-SJD TiO2 film 

(a) bright-field TEM image of a typical 

tree-like structure 

(b)HRTEM image of a zig-zag  

structure, formed by 10 nm sized  

single-crystalline domains 

(dashed  box). 

(c)the enlarged view of a selected  

region of a nanowire 

(d) the corresponding Fourier 

transform 
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Advance Materials, 2021 

Nanostructuring for super-hydrophilicity and super-hydrophobicity 

 

on FILMs: Increasing nanostructures  

the oil droplet roll-off angle is nearly zero. 

Surface Engineering  

and Fluid Interfaces  

To control the transport  at the interface  

of immiscible liquid or solids  

(droplets and micro and nanoparticles) 

 

polymer textile 

Plasma treated 

polymer film 

Hydrocarbon 
Water 
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Atmospheric Plasmas: new composite materials and air purifications 
 

Advanced POlymeric materials based  

on LIgnin for Sustainable Technologies  

NTP: plasma actuators  

• abatement of noxious substances 

• abatement of microbes 

In collaboration with PLUME SRL 

Spin-off of the University of Milano Bicocca  

Gliding Arc Tornado 

GAT 

GAT hydrodinamic  

simulations 

Non Thermal Plasmas  

NTP 

Applications for Environment 

In collaboration with Politecnico di Milano 
RSI, 2021; Applied Science 2021 
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In collaboration with Padua University and EPFL 

Plasma Medicine 

Atmospheric pressure cold plasmas (cold ions and 

neutrals) used to obtain a therapeutic effect on living matter. 

 

Reactive Oxygen and Nitrogen Species (RONS) created in 

the plasma are considered the most important active agent. 

Applications: 

• Disinfection (bacteria, fungi, viruses) 

• Stimulation of wound healing 

• Selective killing of cancer cells 

• Non-thermal blood coagulation 

• Transfection of genetic material into cells 

Plasma physics and technology issues: 

• Plasma source design and optimization (RF, DBD,…) 

• Measurement of reactive chemical species 

• Measurement of plasma parameters 

• UV production 

• Interaction of plasma with treated substrate 
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Nuclear Fusion 

Plasmas 

Prof. G. Gorini, M. Nocente 

Dr. G. Croci 

Dr. O. Putignano, E. Panontin, I. Casiraghi, A. Dal Molin 
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Deuterium Tritium (DT) campaign in Summer-Autumn 2021 
Tritium already inserted in JET tokamak (first time after 1997) 

Joint European Torus 

(JET) - UK 
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- Proper Scenarios have been 

developed and tested in 

Deuterium-Deuterium 

campaigns 

 

- DD scenarios are ready to be 

used in DT campaign 

 

- Several diagnostic 

systems developed in the 

last years have produced 

several results in DD 

campaign and are ready 

for DT experiments  

The main goal is to produce high fusion 
power in a stationary condition  

Extrapolation of best DD results to DT campaigns 

1997 

exp 2021 



12 12 Gamma-ray measurements are key in experiments 

on a particles in D-3He plasmas at JET 

Gamma-ray measurements observe MeV 

range d ions and fusion born a particles via 

d+9Be and a+9Be nuclear reactions 

Fusion born Eg≈17 MeV 

gamma-rays are also 

observed 

d+3He 5Li + g 

 

Testbed for  

D+Tg+5He ≈1016 alpha/s produced 

according to TRANSP 

M. Nocente et al. Nucl. Fus. 60 124006 (2020) 
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Upgrade of the JET gamma-ray camera allows measuring 

the spatial map of fusion born a particles from d+3He 

Raw data 
Tomographic inversion 

E. Panontin et al. Rev. Sci. Instrum. 92 053529 (2021) 

M. Nocente et al. Nucl. Fus. 60 124006 (2020) 
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Deuterium Purge 
(Zeff drop) 

Significantly 
 less HXR 

Runaway Electron 
Energy Distribution Function 

Ar MGI 

RE beam 
formation 

Developments of velocity space tomography allow determining the 

evolution of the runaway electron distribution function from HXR 

measurements. 

A. Dal Molin PhD thesis 2021 

HXR spectrum 



15 Experiments in D-3He plasmas anticipate aspects of a particle 

physics in DT 

Evidence of MHD instabilities driven by a 

particles for the first time in the history of JET 

M. Nocente et al. Nucl. Fus. 60 124006 (2020) 

V. Kiptily et al. Submitted to Phys. Rev. Letters 

MeV-range Fast ion driven instabilities «tap» energy from thermal 

instabilities and improve confinement, leading to unexpected turbulence 

suppression. S. Mazzi et al. Submitted to Nature Physics 
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Besides JET,  there are international medium size tokamaks where (among 

others) we installed diagnostics to study fast ion physics (linked 

especially to disruptions)  and impurities concentations 

DIII-D 

San Diego, CA 

JET 

Culham, UK 

AUG 

Garching, DE 
EAST 

Hefei, China 

We are involved in international tokamak experiments and we develop dedicated 

instrumentation to study fast electron physics using both hard X-rays (MeV)  

and soft X-rays high rate (MHz) spectroscopy on ms temporal scale. 
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Contribution to experiments at EAST 

GEM 

installation 

Plasma Profile reconstruction using Soft X-Rays 
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Dedicated High counting rate HXR spectrometers  
Optimized spectrometers for fusion 
applications must possess: 

•Wide dynamic energy range in excess of 10 
MeV; 
•High counting rate capability in excess of 1 
MCps to sustain the severe HXR fluxes present 
in tokamaks; 
•High event statistics in a short timescale (≈ 
ms). 

Additional challenges posed by the tokamak 
environment: 

•Background radiation (emission from neutron 
activated materials and indirect radiation); 
•Intense magnetic fields (up to few teslas if the 
detector is near the vacuum vessel). 

 

REGARDS at the tokamak AUG 

Compact HXR spectrometer at the tokamak DIII-D 

Contributions to experiments at DIII-D 
and AUG 
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Activities on ITER  
MoU between Our University and ITER signed in 

October 2019 

Aerial view of ITER site in 2020 

Fisrt Plasma expected in Dec 2025  

Continuing effort on Radial Gamma Ray Spectrometer  

Development and exploitation of neutral beam neutron diagnostics 

in SPIDER & MITICA (ITER NBI prototypes) 

nGEM 

Diagnosics installation in 2019-2021 
Fisrt D campaign  

in December 2020 

Scintillators 
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Future Activities 
In order to operate a tokamak in high fusion power stationary condition it is 

important to study the problem of power exhaust  

A BT=6T, IP=5.5 MA Italian superconducting 

tokamak whose aim is the study of the 

power exhaust on the divertor 

 

Being realized at ENEA-Frascati  

First plasma expected in late 2025 

 

Design of γ, neutron and X-Rays 

diagnostics 

Divertor 

Test 

Tokamak 

       New competences are required 

 

1. Expertise in divertor diagnostic and 

plasma wall interaction  

 M. Cavedon (RTDB hired in 2021) 

2. Expertise in scenario prediction and 

modelling 

 A. Mariani (RTDA hired in 2021) 

GEM X-Rays 

cameras 
TOF 

spectrometer 
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Integrated modelling of DTT 

scenarios using quasi-linear 

transport models and 

gyrokinetic runs 

R.Martone, et al., “Divertor 

Tokamak Test Facility: 

Interim Design Report”, 

ISBN:978-88-8286-378-4 

(2019) 

DTT 

tokamak 

(Poster at IAEA FEC 2020  

conference, 

paper submitted to 

Nuclear Fusion) 

Help the DTT 

tokamak 

design 
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Runaway electrons 

● Sudden loss of plasma confinement 
(disruption) can cause the formation of a 
highly energetic beam of relativistic electrons 
called runaway electrons; 
 

● Unmitigated runaway electron beams can 
collide with plasma facing components and 
cause severe damage; 
 

● In ITER, due to avalanche generation, up to 
10 MA of the initial 15 MA plasma current 
can be converted into runaway current; 
 

● Prediction, avoidance and mitigation of 
runaway electron events are crucial for the 
success of ITER and of the next generation of 
high current tokamaks. 

RE impact at the tokamak DIII-D 


