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Dynamics of coherent structures
Experiments in a Simple Magnetised Torus

Analysis of space-time correlations with the 

conditional sampling technique

Selection of events with a high negative density

fluctuation, 

which is associated to a ExB velocity

towards the centre of the plasma column

(anomalous transport event)
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 s

(c)

Plasma Voids
Negative fluctuations of the plasma density
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(d)

ExB vortex velocity

associated to the Void

The Void propagates

towards the boundary

region
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Plasma kinetics in fusion reactors
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Supersonic plasmas and nanostructures
the Plasma Assisted Supersonic jet Deposition device

Plasma deposition techniques offer many  pathways 
towards the nanoscale:

• Control of particle size

• Control of nanostructures and particles assembly

• Chemical composition purity

• Up-scalability

• Versatility

Inside the Mach cone:

– Oriented jet (v//>> v)  low collisionality

– Control of clusters size, reduction of 
aggregation

– Nanoparticles acceleration  energetic 
particles promote organized structures

 Supersonic Jet

 Particles acceleration and film growth



8

Supersonic plasmas and nanostructures
Plasma Diagnostic: Quadrupole Mass Spectrometry

 In situ, real time diagnostic:

 Ion Energy Distribution Function

 Neutrals

 Ions

 Radicals

Isentropic expansion

Thermalization

Movable probe along the jet centerline

to study gas expansion along the jet
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Supersonic plasmas and nanostructures
thin film properties

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 

SEM analysis

a. Substrate inside the jet

High NP speed

Oriented jet

b. Substrate on the border 

of the jet

Shadowing effects

c. Substrate inside the jet       

Columnar
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Supersonic plasmas and nanostructures
developing sensors

gas sensing

photovoltaics
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A Milano-Bicocca University Spin Off

PLASMAFIL project : SME-
Inst-2018  

Boosting the potential of small 
businesses

in the areas of climate 
action,environment, 

resource efficiency and raw 
materials.

Phase 1 Feasibility study, 2018

Phase 2 Pilot for Validation, 
2019-2020

Water filtering project 2018-

University patent

IDEA: super-hydrophilic membranes for the filtration and 

separation of oil and grease in a water emulsion.

APPLICATIONS: 

• Separation of oil in emulsions of relevance for the oil

and gas field

• Purification of industrial waste

• Grease separation (eg. diary products)
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Air purification project 2018-

Development of an atmospheric plasma source to for the 

destruction of polluting agents and bacterial count

• The plant to purify the air of a 200 m3 room has been

designed and tested together with a private company

• Possibility to install the plant in a hospital for testing in view

of future commercial applications

University and Plume patent

IDEA: a pulsed atmospheric plasma (s e ms) controls the kinetics of the gaseous

species responsible for the purification of the air.

APPLICATIONS: wherever a strict checking of the work environment and industrial

processes is required (eg. packaging)

A Milano-Bicocca University Spin Off



13

Thermonuclear

fusion
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The Joint European Torus is preparing to demonstrate a new steady 

state fusion power record by 2020 
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DTE1

JET-C

(1997)

92436: PFUS-EQ

JET-ILW (2016)

15MW/5s target

0       1       2       3       4       5       6       7       

8 Time (s)

15

10

5

0

Fusion 

power

(MW)

This highly ambitious goal 

requires:

- The development of new 

dedicated plasma scenarios

- Understanding the 

challenging physics that is 

manifested in these plasmas

- The development of new 

diagnostic instruments to 

understand plasma 

physics and guide the 

development of the 

scenarios
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The installation of new 

neutron and gamma-ray

detectors has been

completed in 2018 in 

view of their use for 

experiments in 2019-

2020.

g-ray camera

g-ra
y
 c

a
m

e
ra

g-ray 

spectrometer

g-ray 

spectrometer

Diamond 

neutron 

spectrometer

Gamma-ray 

camera detector 

based on a 

LaBr3 crystal and 

an MPPC read-

out

for gamma-ray 

spectroscopy at 

MHz counting 

rates

Presented at the 22nd conference on High Temperature Plasma Diagnostics
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Gamma-ray spectroscopy enables a quantitative study of the efficiency of 

novel radio-frequency heating schemes…

M. Nocente et al. EPS conference on 

Plasma Physics, Oral Presentation 

O5.103, 2018
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… which open to the design of new experiments aimed at maximising the 

fusion reactivity…

D-T

D-3He

D-D 

(total)

● D + T  →  4He (3.5MeV) + n (14.1MeV)

● D + 3He →  4He (3.6MeV) + p (14.7MeV)

● D + D  →

In 2018 we have designed an 
experiment aimed at

developing a steady state 
suprathermal plasma using
the 3 ion scheme to maximise

the fusion reactivity.

We plan to perform this
experiment in 2019.

T (1.01MeV) + p (3.02MeV)
3He (0.82MeV) + n (2.45MeV)

Plasma 

sovratermico

Plasma 

termico
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Together with JET, mid size tokamaks aim at studying the physics of fast 

electrons (runaway) which can be born when the plasma experiences an 

abnormal termination (disruption)

DIII-D

San Diego, CA

JET

Culham, UK

AUG

Garching, DE
EAST

Hefei, China

Since 2018 we coordinate a multi-machine international 

experiment aimed at studying the physics of runaway electrons 

by means of hard X-ray (MeV) spectroscopy measurements on 

time scales of some ms.
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… and we have established the energy required to excite MHD 

instabilities, which in turn dissipate the runaway electron beam.

A. Lvovskiy et al. Plasma Phys. Control. Fusion 2018

With hard X-ray spectroscopy we have determined the 

maximum energy of the runaway electron beam in 

experiments at the DIII-D tokamak…
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Instrumentation for neutron spectroscopy

measurements at large infrastructures
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Thin metal-coated polymer foil pierced by a high density of holes (50-100/mm2). 
Typical geometry 5μm Cu on 50μm Kapton, 70μm holes at 140 μm pitch

Since 2011 we have established a research line aimed at

developing detectors to determine the intensity map of a 

neutron beam and based on a GEM detector with a converter. 

The applications include neutron measurements at spallation

sources and fusion technologies.

Development of GEM-type detectors for neutron 

measurements 



23In 2018 we have completed the development of a thermal neutron

detector (BANDGEM) with a 10B converter and a dedicated

microelectronic read-out (GEMINI chip) as a substitute of 3He tubes.

Application: measurements of the thermal

neutron beam profile at spallation sources

Reconstruction of the profile of a 

neutron beam at l=4 Å
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nGEM detector for the ITER prototype neutral beam injectors under 

construction in Padua

2.5 MeV beam profile 

(FNG)

In 2018 we havecompletedthe installation of an nGEMdetector to 
measureneutron mapsat 2.5 MeV for fusion technologyapplications
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