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Non linear phenomena in plasmas

1. Dynamics of coherent structures .

PHYSICS OF PLASMAS 24, 032306.1-14 (2017) . D
PLASMA SCIENCE AND TECHNOLOGY 20, 025102.1-10 (2018) ’
I

2. Kinetic effects in wave-plasma interactions
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SCIENTIFIC REPORTS 8:10318 (2018) o ‘
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3. Supersonic plasmas and nanostructures

APPLIED SURFACE SCIENCE, 425, 407-415 (2017)
APPLIED SURFACE SCIENCE, 427, 90-96 (2018)
SURFACE & COATINGS TECHNOLOGY, 334, 173-181 (2018)
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Dynamics of coherent structures

Experiments in a Simple Magnetised Torus
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The Void propagates
towards the boundary

Plasma \oids

Negative fluctuations of the plasma density

region

SHN LA L L DL L
(@) ]

delay time (us)

200 -120 -40 40 4

T

- -
s}

.-%%

O O O O O O O O O O o o o o
L)

10 20 30 40 50 60
horizontal position (mm)

-20 F;
ol
ol
-50

60 .\ :

70k
60 |
50
40|
30
20F
10 |

O-

-
v

10 20 30 40 50 60

J ...(.a). -60 |

(€) 4

10 20 30 40 50 60

10 20 30 40 50 60

ExB vortex velocity
associated to the \Void

=

-
z
=
B

DEGLI STUDI
RELET SO 'E

== ONVIIN



Plasma kinetics in fusion reactors

SCIENTIFIC REPg}RTS

OPEN  Radio-frequency current drive for

! . Eordsoion thermonuclear fusion reactors

(ol N i A. Cardinali!, C. Castaldo’, R. Cesario’, L. Amicucci?, A. Galli?, F. Napoli’, L. Panaccione?,
Y C. Riccardi®, F. Santini?, G. Schettini(®* & A. A. Tuccillo?

)
{
i Hite Principal research on energy from thermonuclear fusion uses Deuterium-Tritium plasmas magnetically
: trapped in toroidal devices. As major scientific problem for an economic (i.e., really feasible) reactor,
& we must understand how to lead strongly heated plasmas to sustain a high fusion gain while large
Launched fraction of current is self-produced via the presence of strong pressure gradient. To suppress turbulent
m Epecizum eddies that impair thermal insulation and pressure tight of the plasma, current drive (CD) is necessary.
[ However, tools envisaged so far in ITER (International Thermonuclear Experiment Rector) are unable
’ . \ > T accomplishing this task that requires efficiently and flexibly matching the natural current profiles of
: the plasma. Consequently, viability of a thermonuclear reactor should be problematic. Multi-megawatt
e 3t ¥ Wil radio-frequency (RF) power coupled to plasma would produce the necessary CD, but modelling results
/Imax"the ¥ flmin™dhe based on previous understanding found difficult the extrapolation of this CD concept to reactor
conditions of high temperature plasma, and greater flexibility of method would also be required. Here
oo we present new model results based on standard quasilinear (QL) theory that allow establish conditions
/10" the to drive efficiently and flexibly the RF-driven current at large radii of the plasma column, as necessary
for the goal of a reactor.
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Supersonic plasmas and nanostructures

the Plasma Assisted Supersonic jet Deposition device

Plasma deposition techniques offer many pathways
towards the nanoscale:

e  Control of particle size

e  Control of nanostructures and particles assembly

e  Chemical composition purity

e  Up-scalability

e  Versatility

Supersonic Jet

» Particles acceleration and film growth

Inside the Mach cone:
— Oriented jet (v,>> v ) = low collisionality

— Control of clusters size, reduction of
aggregation

— Nanoparticles acceleration = energetic
particles promote organized structures
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Supersonic plasmas and nanostructures
Plasma Diagnostic: Quadrupole Mass Spectrometry

n(z)/n

In situ, real time diagnostic:

» lon Energy Distribution Function
» Neutrals
» lons
» Radicals ot
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- \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

g structure, formed by 10 nm sized
single-crystalline domains (dashed

(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 4 ||
: Shadowing effects IS
1 11001 Tio, c. Substrate inside the jet
Columnar
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Supersonic plasmas and nanostructures
developing sensors
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/ A Milano-Bicocca University Spin Off
= |_U ME water filtering project 2018-

University patent
IDEA: super-hydrophilic membranes for the filtration and

separation of oil and grease in a water emulsion. ' §J.'—4
APPLICATIONS: -
« Separation of oil in emulsions of relevance for the oll PLASMAFIL -
and_ gas_fleld . . PLASMAFIL project : SME-
* Purification of industrial waste Inst-2018
« Grease separation (eg. diary products) &
PLUME
Plasmafil: Hydrocarbon/water separation Boosting the potegial ofsmal
businesses
ot Hydrocarbon in the areas of climate
Hydrocarbon Woter action,environment,
‘ Q resource efficiency and raw
materials.

Phase 1 Feasibility study, 2018
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A Milano-Bicocca University Spin Off

PLUME

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 (us 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) SoEcy ST
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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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Fusion
power
= (Mw) 15MW/5s target
DTE1L JET-ILW (2016)
JET-C
s | (1997)
0
0 1 4 5 6
8 Time (s)

This highly ambitious goal
requires:

The development of new

15

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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| y-ray
D d : .
o spectrometer The installation of new
spectrometer neutron and gamma-ray
detectors has been
ol completed in 2018 in
Channel - :
L view of their use for
T experiments in 2019-
h 2020.
3
S
<
O
5 Gamma-ray
g E camera detector
y-ray based on a

egctrometer

LaBr; crystal and
an MPPC read-
\ ) out
-~ for gamma-ray
7
v & spectroscopy at
MHz counting
rates
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Gamma-ray spectroscopy enables a quantitative study of the efficiency of
novel radio-frequency heating schemes...

nature, ARTICLES

p ySlCS PUBLISHED ONLINE: 19 JUNE 2017 | DOI: 10.1038/NPHYS4167

Efficient generation of energetic ions in multi-ion
plasmas by radio-frequency heating

Ye. O. Kazakov'*, J. Ongena', J. C. Wright?, S. J. Wukitch?, E. Lerche'?, M. J. Mantsinen*>,
D. Van Eester’, T. Craciunescu®, V. G. Kiptily?, Y. Lin, M. Nocente”®, F. Nabais®, M. F. F. Nave®,

Y. Baranov?, J. Bielecki', R. Bilato", V. Bobkov™, K. Ci - data
R. Felton, M. Fitzgerald?, D. Gallart*, L. Giacomelli®, 9 —— model
T. Johnson', M. Lennholm', T. Loarer'®, M. Porkol: uIJ ----4.32 MeV
M. Van Schoor', H. Weisen', JET Contributors’ and | = 4.44 MeV
150 T -==-48MeV
-=-=-=502 MeV
We describe a new technique for the efficient generation of his -===-55MeV
multi-ion plasmas. The discussed ‘three-ion' scenarios are espec | :
of resonant ions. To observe this effect, the plasma compositio -=---5.85MeV
demonstrate the potential of the method on the world-largest -===6.91 MeV
Torus, Culham, UK), and the hlgh magnetic-field tokamak Alcator , i} -=--7.28 MeV
efficient acceleration of *He ions to high energies in dedicated hyd ";:’ 100 + ’
heating is observed, as a result of the slowing-down of the fas 3 1 9 o . - -=--7.98 MeV
laboratory plasmas, but can also be applied to explain observ O . 1 -=-==892 MeV
particular, *He-rich solar flares. T O
E p m 1 — —
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.. which open to the design of new experiments aimed at maximising the

Cross-section, ¢ (m2)

fusion reactivity...

Plasma--

sovratermico

Reaction Ep max
D-T ~ 110keV
D-*He ~ 440keV
D-D ~ 2.6MeV

_ | In 2018 we have designed an
“““““““““““ experiment aimed at
| 1 developing a steady state

1592 - e suprathermal plasma using
1 100 1000 the 3 ion scheme to maximise
Deuteron energy, Ep (keV) the fusion reactivity.
D+T — “He (3.5MeV) + n (14.1MeV) We plan to perform this

D +3He — 4He (3.6MeV) + p (14.7MeV) experiment in 2019.

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

9 [INIVERSI
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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)

o " .
DIII-D JET AUG EAST
- Garching, DE Hefei, China

-

o

Ve ! Al |

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 R

time scales of some ms.

pd
[

rd

ICOCCA

OO UNIVERSITA




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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... 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
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Instrumentation for neutron spectroscopy
measurements at large infrastructures




Development of GEM-type detectors for neutron ez

measurements
Thin metal-coated polymer foil pierced by a high density of holes (50-100/mm?).
Typical geometry 5um Cu on 50pum Kapton, 70um holes at 140 um pitch

F. Sauli, Nucl. Instrum. Methods A386(1997)531

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.  zvcusmu
The applications include neutron measurements at spallation
sources and fusion technologies.
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In 2018 we have completed the development of a thermal neutron 23
detector (BANDGEM) with a 1°B converter and a dedicated
microelectronic read-out (GEMINI chip) as a substitute of 3He tubes.

/R‘““ 1= 200 pm
/ i 1 4
- Iy —— o (T 1 ‘
c'_;"};-;_”_:D'DD'_“_"_'C'_‘_v_,,; | B,C <P ;
((((((((( (=] - | { N (
B 733 H
=] -t L
| 1 i
a(,ql / 7 H
ggggg | o § i n
. | / | L
x M E0SE88888 [=1=3i i {
[ —i
: :i = laor 'L
¥ % ' 0

Application: measurements of the thermal Reconstruction of the profile of a
neutron beam profile at spallation sources neutron beam at A=4 A
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In 2018we have completedthe installation of annGEMdetector to

measureneutron mapsat 2.5MeV for fusiontechnologyapplications
2.5 MeV beam profile

1000
Counts

——
w

& =" ‘ \ -
Ry ge ‘ .
\' Flexible pipe

3
Detector Box
\ &

\
8
Z
B

NGEM detector for the ITER prototype neutral beam injectors under
construction in Padua
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Publications

Radio-frequency current drive for thermonuclear fusion reactors

Cardinali, A., Castaldo, C., Cesario, R., Amicucci, L., Galli, A., Napoli, F., Panaccione, L., Riccardi, C., Santini, F., Schettini G.,
Tuccillo, A.A. ScientifiReports Volume 8, Issue 1, 1 December 2018, Article number 10318

Zanini, S., Zoia, L., Della Pergola, R., & Riccardi, C. (2018). Pulsed plasma-polymerized 2-isopropenyl-2-oxazoline coatings:
Chemical characterization and reactivity studies. SURFACE & COATINGS TECHNOLOGY, 334, 173-181. 2018

Dell'Orto, E., Caldirola, S., Sassella, A., Morandi, V., & Riccardi, C. (2017). Growth and properties of nanostructured titanium
dioxide deposited by supersonic plasma jet deposition. APPLIED SURFACE SCIENCE, 425, 407-415. 2017

“Emission Spectroscopy Tomography as a Diagnostics for Magnetized Plasma Column Profiles”
R. Barni, S. Caldirola, L. Fattorini, C. Riccardi Plasma Science and Technoldfy; 025102 (2018).

“Characterization of atmospheric pressure plasma treated wool/cashmere textiles: Treatment in nitrogen”
S. Zanini, A. Citterio, G. Leonardi, C. Riccardi Applied Surface Sciend27, 90-240 (2018)

“The different evolution of plasma density voids and blobs in the edge region of a simply magnetized toroidal plasma”
R. Barni, S. Caldirola, L. Fattorini, and C. Riccardi Physics of Plasma&sl, 032306.1-14 (2017).

An experimental study of plasma cracking of methane using DBDs aimed at hydrogen production”
R. Barni, R. Benocci, N. Spinicchia, H.E. Roman, C. Riccardi Plasma Chemistry and Plasma ProcesS8@®41-258 (2019f

O NIV
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“Chemical kinetics of the plasma gas-phase in humid air non-thermal atmospheric pressure discharges”
R. Barni, E.C. Dell’Orto, C. Riccardi, Int. Journal on Plasma Environmental Science and Techn(®#04)

"Study of the turbulence in magnetised plasmas using photomultiplier tubes”, R. Barni, T. Abbaszadeh, C. Riccardi
Plasma Physics and Technol&gg018) ISSN: 2336-2626 (Print) ISSN: 2336-2634 (Online)

“Chemical kinetics of the plasma gas-phase in humid air non-thermal atmospheric pressure discharges”,
R. Barni, E. Dell’Orto, C. Riccardi, in “Proceedings of the 11t International Symposium on Non-Thermal/Thermal
Plasma Pollution Control Technology & Sustainable Energy”, p. 045.1-6 (2018)

"On the Propagation of lonization in Filamentary Surface Dielectric Barrier Discharges”, R. Barni, C. Riccardi
XXIV ESCAMPIG, p. 433-34. Glasgow (UK), 17-21 luglio 2018

“Gas-phase Evolution of Ar/H20 and Ar/CH4 Dielectric Barrier Discharge Plasmas”
R. Barni, C. Riccardi European Physical Journal/B, 62.1-9 (2018).

Superficially treated flexible materials suitable for filtering and separating immiscible liquids
PCT 17731273.3 — 1107 (2018) Riccardi C., Zanini S.
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Publications

L Sanchis, M Garcia-Munoz, A Snicker, D A Ryan, D Zarzoso, L Chen, J Galdon-Quiroga, M Nocente, J F Rivero-Rodriguez, M
Rodriguez-Ramos, W Suttrop, M A Van Zeeland, E Viezzer, M Willensdorfer, F Zonca and the ASDEX Upgrade Team and the
EUROfusion MST1Team, dCharacterisationf the fastion edge resonant transport layer induced by 3D perturbative fields in
GKS 1 {59 !'"LHANIYRS G271 YI {PladimkMR.dzatkol. Fhsaut 61 (2029INM4038 & A Ydzf | G A 2y

J Eriksson, C Hellesen, F Binda, M Cecconello, S Conroy, G Ericsson, L Giacomelli, G Gorini, A Hjalmarsson, V G Kiptily, M
Mantsinen, M Nocente, A Sahlberg, M Salewski, S Sharapov, M Tardocchi and JET Contributors,d a S| a dzZNAy 3 FI a i
FdzAA 2y LI FAYlFa 6A0K,paSaRhNREoAtroRAsiorel @A) 402 | G W9 ¢ €

D. Moseev, M. Salewski, M. Garcia-Munoz, B. Geiger, M. Nocente, s WS OSy (i LINPINBaa Ay FlLad A2y
O2 Y T A Y S R Relidgivd o MoHeén £lasma Physics 7 (2018) 2

A Lvovskiy, C Paz-Soldan, N W Eidietis, A Dal Molin, X D Du, L Giacomelli, J L Herfindal, E M Hollmann, L Martinelli, R A
Moyer, M Nocente, D Rigamonti, D Shiraki, M Tardocchiand KE Thome d ¢ KS NRf S 2F {AYySGAO Ayaill
runaway electron current after argon injection in BllEPlasma Phys. Control. Fusion 60 (2018) 124003

LJ. Ge, Z.M. Hu, Y.M. Zhang, J.Q. Sun, X. Yuan, X.Y. Peng, Z.J. Chen, T.F. Du, M. Nocente, G. Gorini, M. Tardocchi, L.Q. Hu,
G.Q. Zhong, B.N. Wan, X.Q. Li,and T.S.Fan,a + St 2 OA (1 & & LI O&-flighthegUtiokh Spkcdmaétér aRERASTUM Y S
R S dz(i S N dzXRev.ISdi. Ihs&ruvhl 88 (2018) 101143

S. Feng, M. Nocente, D. Wunderlich, F. Bonomo, G. Croci, U. Fantz, B. Heinemann, W. Kraus, |I. Mario, A. Muraro, R.
Pasqualotto, M. Rebai, M. Tardocchi, and G. Gorini, & b S dzii NP )f YSI &dzNBYSyda i GKS
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A. Dal Molin, L. Martinelli, M. Nocente, D. Rigamonti, A. Abba, L. Giacomelli, G. Gorini, A. Lvovskiy, A. Muraro, M.
Tardocchi, and JET Contributors, ¢ 5 S @ S f 2f ave® gbitnpactgammaray spectrometeoptimisedfor runaway
electronY' S I a dzNJX Re& Sfilindtium. 89 (2018) 101134

M. Nocente, A. Sheveley, L. Giacomelli, G. Pautasso, M. Tardocchi, D. Gin, M. Gobbin, G. Gorini, A. Fernandes, A.
Herrmann, E. Khilkevitch, E. Panontin, G. Papp, R. C. Pereira, M. Salewski, G. Tardini, M. Valisa, ASDEX Upgrade
Team, and EUROfusion MST1 Team, & | Arés&lutiongammaray spectrometemwith MHz capabilitiesfor runaway
electronstudiesat ASDEX LJ3 NJR&.Sd. Instrum. 89 (2018) 101124

M. Rebai, L. Bertalot, B. Brichard, G. Brolatti, G. Croci, B. Esposito, A. Fernandes, L. Giacomelli, G. Gorini, V.
Krasilnikov, I. Lengar, D. Marocco, A. Muraro, M. Nocente, R. C. Pereira, E. Perelli Cippo, D. Rigamonti, J.
Rzadkiewicz, J. Sousa and M. Tardocchi, @ 5 S dofgAmymaray spectrometersoptimizedfor fast particle studiesat
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