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Laser-driven ion acceleration enhanced by ultra-low
density foam-attached targets and its applications
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Great improvements thanks to both progress in
laser technology and clever target engineering

Proton spectra
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Great improvements thanks to both progress in
laser technology and clever target engineering

our approach

Proton spectra
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A vast zoology of advanced targets has been  zge. rr

studied to enhance the acceleration process
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A vast zoology of advanced targets has been  zge: rre
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We are working on these topics
at Politecnico di Milano, Italy
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Enhanced TNSA via near-critical
layer before the typical solid foil

Enhanced TNSA Conventional TNSA
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The near-critical layer leads to an
improved hot electron generation
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In turn you increase total number S or
and maximum energy of the ions i
Enhanced TNSA Conventional TNSA
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Near-critical density for A ~ 0.8 um is in between
typical gas and solid densities: challenging to obtain
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Near-critical density for A ~ 0.8 um is in between
typical gas and solid densities: challenging to obtain
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Carbon foams are one of the few solid
dare numeri: - nagr-critical materials for A ~ 0.8 ym

range densita media
raggio nanoparticelle

top view SEM image cross section SEM image
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Enhanced TNSA with
ultra-low density foam-attached targets

carbon foam

THE TARGET
IS THE KEY
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of ion maximum energy and total charge
uptox 1.7 up to x 7

Experiments show a systematic increase II
S
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Experiments show a systematic increase = ===
of ion maximum energy and total charge ol
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A better theoretical understanding of the physics
at play is crucial to optimize the acceleration

How does the nanostructure influence the interaction and the acceleration processes”?

L OGO CINECA 3D Particle-In-Cell simulations
laser-plasma laser-driven
interaction ion acceleration

Immagini boh with the nanostructure
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The nanostructure is obtained via a cluster-cluster
aggregation model that mimics the foam growth

1) particles in
Brownian motion model vs. real
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3) clusters deposition
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3D PIC simulations to asses the influence of the
nanostructure in the physical processes at play
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Gia la propagazione viene modificata

homogeneous plasma foam-like plasma

without substrate
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Assorbimento boom con nano: sia elettroni che ioni,
ma se prima gli ioni non assorbivano un tubo adesso

tanto
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Lo interpretiamo con esplosione degli aggregati di

nanoparticelle
homogeneous plasma foam-like plasma
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Abbiamo anche iniziato a esplorare accelerazione e
dai primi risultati si vede una differenza significativa

homogeneous plasma foam-like plasma

with substrate
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Assorbimenti

with substrate
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Spettrioni
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3

S PG
ML
:XA-‘; >
WAL B
.*.f*»
‘7} :

with substrate

1/Np ot dN/dE,, [1/MeV]

Arianna Formenti




RCF piu collimati con un plasma pulito
con nano ci sono degli spot non esattamente a O gradi

homogeneous plasma foam-like plasma

with substrate
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Applications: exploit the enhancement to enable
applications given a ~10TW laser system

PIXE NEUTRONS

design of experimental setup
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Application in materials science:
Proton-Induced X-ray Emission (PIXE)

iImmagine complessiva di luca
solo menzione rapida alle questioni challenging
e al fatto che spettro exp puod non essere male
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Application in nuclear engineering:
compact laser-driven neutron sources

LI per adesso ma ci sono questioni da considerare

T=0.5MeV, Emax=7MeV
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Ottimizzazione del convertitore: questioni

Cross section pn
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Application in nuclear engineering:
compact laser-driven neutron sources

assess the feasibility
_|_
design of a compact source

]

Opén Source PIC Caode , / .

| A SIMULATION TOOLKIT
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Summary + conclusioni

la nano bisogna tenerla in conto per fare simulazioni con pretese realistiche

STIAMO LAVORANDO VERSO LE APPLICAZIONI
‘COMPATTE” E SEMBRA PROMETTENTE
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THE END
THANK YOU!

arianna.formenti@polimi.it

www.ensure.polimi.it

www.nanolab.polimi.it
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maybe its the density that changes
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We produce carbon foams via the h
Pulsed Laser Deposition technique NanolLab

* A\ = 2606, 532, 1064 nm

vacuum laser beam *T=/ns
chamber eE=01-2J
e RR =10 Hz

eF=0.1-20J/cm2
graphite | =107 -2 x 109 W/cm?2

target

e [nert (He, Ar...)
e Reactive (Oy)

substrate
0.1 1 background gad 00 Ne/Nc
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