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Targets for p-'B studies

Different targets for
different aims

p-B cross-
section studies

D

Solid targets with
well controlled
Fundamental for properties
understanding

the physics
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Nanostructu red IOW-d e nSity ta rgets Passoni M. et al., Plasma Physics and Controlled Fusion 62, 2019

) Laser-driven DLT: Double Near-critical
Las;r]:dr.lven <:> particle Layer Target nanostructured
-B fusion . .
P acceleration materials
Nanofoams

Enhanced laser-
matter interaction

Q Self-focusing
Q Coulomb explosion

Q Volumetric laser-
matter interaction

nanostructured

rlow to low-density layer

produce them?
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Qg Pulsed Laser Deposition (PLD)

Pulsed laser beam Deposition
Focusing lens
Chamber window

Vacuum chamber

Background gas

- Substrate

1 ) Plasma
W Plume

Bl Torget

Process parameters Propagation

and interaction
* Pulse energy

* Target-substrate
distance

* Background gas
pressure

* Substrate

Plume expansion

Ablation

Deposited film

Laser pulse duration properties control
(density, thickness, Flexible technique
elemental composition)
ns-PLD fs-PLD
Well established Nonstandard Maffini A. et al., in Nanoporous Carbons for Soft

and Flexible Energy Devices, Springer, 2022
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Qg ns-PLD vs fs-PLD ns-PLD fs-PLD

U Ve

Different ablation regimes

Compact solid Foam-like low
Nanosecond Femtosecond density films density materials
«®
— Thermal 100y  —> Electronic - ®
vaporization of ablation of / \
atoms and ions nanoparticles —
s y Q Elemental flexibility Q
q q 6 Heating issues
20ns Y Plasma ns V Plasma Droplets Nanopartices Q
q expansion q expansion Stresses \ Film stability 6
L § ol | Q Reliable Challenging
P Plume Plume k /
~msy Sl condensation -msy <. condensation
Complementary
adapted from Harilal S.S. et al., in “Laser-induced techniques

breakdown spectroscopy”, ch. 6, 2014
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‘ . . Th- k of ut &
Compact boron films with ns-PLD ickness uniformity

target movimentation

off-axis
500 1 ’r-""::::::::::a':"‘*""t *'_“:‘:.-_“‘
:,."" in-axis ™
/ Film properties: \ :
Q Solid density g
(~ 2.35 g/cm3) F a0
Q Compact film with -
few defects
AmorphOUS Wlth i ’ ’ Su;:tratelwsidth [?'rt']lm] ® *
Droplets residual stress state
Deposition rate Q 100s nm — 10 um
thickness
Deposition parameters: Oxidation and Mg
e ns-PLD (532 nm, 7 ns) impurities Match the
« High vacuum (1073 — 10™* Pa) K _/ experimental
* High fluence (8 — 9 J/cm?) needs

e Tradeoff target-substrate distance (6 — 9 cm)
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Ilﬁ) Application: p-1'B cross section investigation

Multiple target generations with

incremental improvements
P . boron film on
—_— aluminum foil
. in
Boron First generation thicknes.sf density and
composition
target
Substrate e 1 pum boron film on
50 um PMMA _
* Substrate useful to Carbon adhesive tape
Conventional slow the incoming
proton accelerator protons and avoid
@ INEN — Laboratori film stress issue .
Nazionali di Legnaro — M;Sks :

PMMA substrate

Radiation metrology
group @ PoliMi

2.4 um thick Al foil
! $I
1 mm

I

500 nm thick B film

Third generation

Isotopic B films

Laser cleaning to avoid oxidation
Analogous film characteristics as
previously
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Ilﬁ) Application: p-1'B cross section investigation

group @ PoliMi
Detector Silicon telescope detector
q 1 |
0.9} B :ifﬁi? I
Vs 0.8
- p and a
p ‘ ‘ , oo discrimination
— 2 Mazzucconi D. et al., Physica Medica 89, 2021 %0
<.
104 0.3}
B --+- Sikora et al. (2016) .
oron -m- Geser et al. (2020) '
ta rget , ° é This work 0.1
Substrate 107 f,;_:\ Total e et of , ; 6 8
E f,'." '\(wHwa, . M*“ Heat? E [MeV]
é 10?4 f "‘-“"1—-...-"""'--‘ 500
. . @ o, channel
First generation . ¥ 1 100
e
. o o .
1 um boron film 10t] E Feasible g3
o
on 50 um PMMA : approach © 200
mc():t.oIII 05 10 15 20 25 30 35 40 100

Energy [MeV]

Mazzucconi D. et al., Radiation Physics and Chemistry 204, 2023

Radiation metrology

Probability

B Alpha

I Protons
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Ilﬁ) Application: p-1'B cross section investigation

Detector
1.5 ] : : : 1073
. . . Proton
, Uncertainties in target s Wi,
P properties contribute to n datal
// . 3 1 -4

D cross section error bars Yz

7’ ’ g

—_— &

Boron D
. ecrease target
Thin target g Reduce p and a
and substrate )
substrate ) attenuation
thickness
B 0.02 +
10 . 3 ;:s 0.015
B contribution E

boron i : (natural boron) o
film on nghe.r S|gna.l-to- 0.005
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Ilﬁ) Application: p-1'B cross section investigation

Detector
1.5 1072
Uncertainties in target — iy
P properties contribute to . Threshold] | #8403
b cross section error bars IEE _ ' z
v 104 8
— o
o
10°°
Boron D R e
. ecrease target R o g T, ey
Thin target g Reduce p and a SRR P
and substrate . 10
substrate ) attenuation
thickness E [MeV]

0.03 -

=2

o

)
:

Probability

Third generation

Lo
Refined cross Q

B isotopic boron section data in the Data analysis in 001

target 0.3-3 MeV range Q progress
0
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%&. Low density boron nanofoams with fs-PLD

li;

and concentration of
Relative slowing %> the ablated species
efficiency of the @
background gas
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Material
properties
Density

Thickness
Uniformity

Direct
production

Deposition on
the substrate
and foam growth

10s —100s nm

In flight
interaction and
fractal aggregate
formation




:‘.Sé Low density boron nanofoams with fs-PLD ﬁ Al are nanostructured films

Argon gas pressure

Density
Deposition parameters: Film properties: Freedom in
material choice

e fs-PLD (800 nm, 80 fs) * Tunable density, down to Q
* Background argon gas pressure ~ 15 mg/cm?3

(~ 100s Pa) * 10 pm — ~100 pm thickness ! !
* “High” fluence (~ 0.1 ]J/cm?)  ~ 2% Mg impurities and
* Low target-substrate distance ~ 2.0% c.)xygen content Hydrogen

(~ 3 cm) e Uniformity scale of ~ 10 um enrichment
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5‘.!5', Polymeric nanostructured films with fs-PLD Especially
. @

e PMMA, PP, HDPE

* Lacking thickness
uniformity

«  Contamination of the
optical elements in the
PLD

Compact nanoparticle-
assembled film even at
high pressure (5000 Pa
Ar)

Time
consuming

Fully exploit the
versatility of fs-PLD

CH
Substrate

Substrate
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¢®. B & CH codeposited nanofoams still
o™
Boron PLD s
target Different fluence-pressure |:> Average conditions
conditions needed (depending on requirements)

Different ablation |:> Inhomogeneous |:> Mitigation through
plume orientation CH enrichment target movement

Material properties:
& H/B ratio of ~ 2
@& ~100 um thickness
& ~ 50— 100 mg/cm? density
20% C, 10% O, 1% Mg
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. @
11 . . °
:‘.Qé Targets for p-*'B fusion campaign - @ QUB, Taranis laser
) * 8 pulse energy PP e
B foam . 300 fs =
10-15% O, 1% Mg
e A 1054 nm
PP PP PP
100 mg/cm3 100 mg/cm3 50 mg/cm?3 B + CH foam O"Q‘
100 pm 50 um 100 pm 41% H, 27% B, 21% C, Ongoing data 0
10% O, 1% Mg analysis

on BN substrate _ @

+  HDPE 3 PP PP

e 120 mg/cm In-foam fusion

* 10-20 um o aN 40 mg/cm?3 80 mg/cm3 reactions
100 pm 60 um
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@ Conclusions and perspectives

Tailored targets

for specific
ns-PLD and fs-PLD & Versatile applications
as complementary @ Flexible
techniques

Boron equation
of state study

o

L
Conclude both O

ongoing data Leverage the experience

analyses \f- on boron-based films Boron coatings
: for Tokamaks
production in MCE
Investigate p-11B in Q
different laser systems
(i.e. compact) FUSION
project
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Thank you for
your attention!
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