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Why Nanofoams?
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Why Nanofoams?
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Why Pulsed Laser Deposﬂed (PLD) Nanooms’?

POLITECNICO
MILANO 1863



Mag= 2.00KX 20 um
Date :4 Jul 2023

Multi-scale structure
Thickness: 1 to 100s um
Area: from 1 mm? to 10 cm?

POLITECNICO A. Maffini et al., Physical Review Materials 3 (2019) 083404

MILANO 1863 A. Maffini et al., Applied Surface Science 599 (2022) 153859
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Multi-scale structure
Thickness: 1 to 100s um
Area: from 1 mm? to 10 cm?
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Mag= 5000KX 1 pum
Date :4 Jul 2023

Multi-scale structure Fractal-like aggregates

Thickness: 1 to 100s um
Area: from 1 mm? to 10 cm?

D; Fractal dimension: ~ 1.8 -2.2

", Gyration radius: 0.1 ym -5 pm

POLITECNICO A. Maffini et al., Physical Review Materials 3 (2019) 083404
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Mag= 5000KX 1 pum
Date :4 Jul 2023

Multi-scale structure Fractal-like aggregates Nanoparticle constituents

Thickness: 1 to 100s um

Area: from 1 mmZ2 to 10 cm?2 Nanoparticle diameter: 5 nm — 40 nm

Nanoparticle density: ~ 50% — 100% of bulk
Nanoparticle composition: any!

D; Fractal dimension: ~ 1.8 -2.2

Gyration radius: 0.1 pm -5 pum

POLITECNICO A. Maffini et al., Physical Review Materials 3 (2019) 083404
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Mag= 5000KX 1 pum
Date :4 Jul 2023

Multi-scale structure Fractal-like aggregates Nanoparticle constituents

Thickness: 1 to 100s um

Area: from 1 mmZ2 to 10 cm?2 Nanoparticle diameter: 5 nm — 40 nm

Nanoparticle density: ~ 50% — 100% of bulk
Nanoparticle composition: any!

3—D[
D; Fractal dimension: ~ 1.8 -2.2

Pth = kpnp 2_

Gyration radius: 0.1 pm -5 pum
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Nanofoams as ICF ablators

See M. Cipriani's talk this morning!
Faraday Cup 2 Faraday Cup 1
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s © ol
| M4 plate M4 plate/Polarizer
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Focusing Target Focusing
lens B lens A

Photodiode T i %

Photodiode R
Diamond 2 Diamond 1

Y. : &

Wavelength = 1054 nm
Temporal FWHM = 3 ns
Intensity = 1014 W/cm?
Ep=40J
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Nanofoams as ICF ablators

See M. Cipriani's talk this morning!
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Nanofoams for advanced TNSA

C nanofoam Double-layer target
~ micrometric solid foil

~ near-critical nanofoam

Accelerated p l

E . = 10s MeV
10%9-10% ions/bunch
~ ps duration

L. 3
b

st oA 3

~ 10 mg/cm?

Laser:
E,=0.1-10 J
T=30fs—1ps
1=1018 — 1022 W/cm?

M. Passoni et al., Plasma Phys. Control. Fusion 61, (2020)
POLITECNICO |. Prencipe et al., New Jour. Physics 23.9 (2021)
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Nanofoams for advanced TNSA

C nanofoam Double-layer target
| ~ micrometric solid foil Experiments @ Draco A=
O s o ~ near-critical nanofoam (~2J,~30fs, 150 TW) oresoen rossennonar
S 1E49 ¢

~ 10 mg/cm

—AIl 1.5 um
% ——foam 4 um
> -
Accelerated p = . | RS
I
P> w
e
E,.. = 10s MeV £
1010-1012 jons/bunch
~ ps duration el | |
bS 4 6 8 10 12 14 16 18 20
Laser: Proton energy [MeV]
E,=0.1-10J . : |
T=30 fs — 1 ps ~ X 2 In maximum energy!

1=10%8 — 1022 W/cm? ~ X 4 In number of protons!
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Nanofoams for advanced TNSA

C nanofoam Double-layer target
| ~ micrometric solid foil Experiments @ Draco A=
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POLITECNICO M. Passoni et al., Plasma Phys. Control. Fusion 61, (2020)
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Nanofoams for in-target p-11B fusion

In-target

,\\ B+H
‘/l See D. Molloy's talk this morning!

POLITECNICO D. Molloy et al., submitted to Physical Review Research (2024)
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Nanofoams for in-target p-11B fusion

In-target
P4 QUEEN'S
UNIVERSITY o
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How does Pulsed Laser Deposition work?

Conventional ns-PLD:
~ 5 ns pulse duration

Plasma plume L aser 4 ~ 1 J pulse energy
Beam

Alternative fs-PLD:
~ 100 fs pulse duration
~ 5 mJ pulse energy

Target
(almost any material)

N—

Background Gas
* Inert (He, Ar,...)
* Reactive (N,, O,, ...)

target-to-substrate

distance Substrate
(almost any kind of substrate)
M NanolLab

POLITECNICO A. Maffini et al., Physical Review Materials 3 (2019) 083404

MILANO 1863 A. Maffini et al., Applied Surface Science 599 (2022) 153859



Foam properties control

Nano-scale Micro-scale Macro-scale
- - i - Uniformity
- Crystalline structure & Aggregate size : .
co)r/nposition - Morphology - Thickness profile

- Nanopatrticle size

Pulse Duration Target composition  Gas pressure

PLD process parameters

A. Maffini et al., Physical Review Materials 3 (2019) 083404
POLITECNICO d (2019)
AA A NI ) @ 4

A. Maffini et al., Applied Surface Science 599 (2022) 153859



Foam properties control

Nano-scale Micro-scale Macro-scale
- Crystalline structure & - Aggregate size i _l#\]_ifirmity .
composition - Morphology - Thickness profiie
- Nanoparticle size 4
A
Pulse Duration Target composition  Gas pressure
N
\/\/\
VA VAV
VAVAVAVA
AVAVAVAVAVAVAVA

PLD process parameters

A. Maffini et al., Physical Review Materials 3 (2019) 083404
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Foam properties control

Nano-scale Micro-scale Macro-scale

- Aggregate size - Un|f0rm|ty

- Crystalline structure &  Merobolomy - Thickness profile

composition

- Nanopatrticle size /

Target composition

PLD process parameters

POLITECNICO
D. Orecchia et al., Small Structures 5, 2024
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A lot of elements to play with...
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A lot of elements to play with...
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A lot of elements to play with...

Deposition with fs-PLD:
- Same fluence, 0.1 J/cm?
- Different pressure

g i =g e 1=

POLITECNICO
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A lot of elements to play with...

Deposition with fs-PLD:
- Same fluence, 0.1 J/cm?
- Different pressure

Thickness > 100 ym

Cu

H | é | He
Li Be s B 0 F Ne
L | | ) [l (N
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Fil
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L] "

Cs Ba - Hf TEAAfe 0s Ir PEEARENg TL Pb Bi Po (At Rn
Tengiten s
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Foam properties control

Nano-scale Micro-scale Macro-scale
- - i - Uniformity
- Crystalline structure & Aggregate size : .
co)r/nposition - Morphology - Thickness profile

- Nanopatrticle size @

Target composition Gas pressure

D 8

PLD process parameters

POLITECNICO
D. Orecchia et al., Small Structures 5, 2024
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Fine tuning of nanofoam morphology
Argon gas PreSSure m——

5000 Pa

10 Pa 1000 Pa

4

Tungsten
180,948

€ ]S WINU OIWIO}Y
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Fine tuning of nanofoam morphology
Argon gas PreSSure m——

5000 Pa

4

Tungsten
180,948

Nanoparticle-assemble Tree-like N Web-like
compact film nanostructured film nanofoam

€ ]S WINU OIWIO}Y

POLITECNICO

MILANO 1863 D. Orecchia et al., Small Structures 5, 2024
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Nanofoam characterization

Integration of: Information on:
- Scanning Electron Microscopy - Morphology
- Thickness d

POLITECNICO A. Pazzaglia et al., Material Characterization 153, 92 (2019)
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Nanofoam characterization

Integration of: Information on:
- Scanning Electron Microscopy - Morphology
- Energy Dispersive X-Ray Spectroscopy - Thickness d

- Composition c;

Substrate

POLITECNICO A. Pazzaglia et al., Material Characterization 153, 92 (2019)
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Nanofoam characterization

Integration of: Information on:
- Scanning Electron Microscopy - Morphology

- Energy Dispersive X-Ray Spectroscopy - Thickness d

- EDDIE model - Composition c;

- Mass density p

Ii,foam

/ sub

= f(p.d,c;,cizj)

Substrate

POLITECNICO

A. Pazzaglia et al., Material Characterization 153, 92 (2019)
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Fine tuning of nanofoam density

10 ym
m—

POLlTECN|CO D. Orecchia et al., Small Structures 5, 2024
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Fine tuning of nanofoam density

Mass thickness [ug/cmz]

o N A O @

0 10 20 30 40 50 [um]

POLlTECN|CO D. Orecchia et al., Small Structures 5, 2024
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Fine tuning of nanofoam density
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Fine tuning of nanofoam density
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Hydrogenated born nanofoams

Heterogeneous target

HDPE (CH,),
(Variable size)

Natural Boron
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Hydrogenated born nanofoams

Heterogeneous target CH_ nanofoam

HDPE (CH,),
(Variable size) CH,

Substrate
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Hydrogenated born nanofoams

Heterogeneous target CH_ nanofoam

Natural Boron

B multilayer

| BT
| Substrate B
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Hydrogenated born nanofoams

CH, nanofoam

Heterogeneous target

HDPE (CH,),
(Variable size)

CH,

Substrate

Natural Boron

o wmEs o E
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Hydrogenated born nanofoams

CH, nanofoam

Heterogeneous target

HDPE (CH,),
(Variable size)

Natural Boron

B+CH, nanofoam

| Substrate
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Nanofoams targets for experiment @ Taranis

Fd QUEEN’S
4 UNIVERSITY
BELFAST

TOF (5°, 60 cm) CR39 (-44°)

& -

CR39 (45°)

J

TPS (-60°, 15.5 cm)

CR39 (80°) Target

D Front Rear
Surface Surface

Taranis Laser
-8-101J

- 800 fs

-1053 nm

- ns contrast 5x107

Deposition

D. Molloy et al., submitted to Physical Review Research (2024)
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Nanofoams targets for experiment @ Taranis

1 QUEEN'S
] UNIVERSITY 120 mg/cm3
CH, nanofoam

BELFAST
on BN substrate ‘ BN | BN

~60% H, ~30% C, ~10% O

TOF (5°, 60 cm) CR39 (-44°)

& -

CR39 (45°)

J

TPS (-60°, 15.5 cm)

CR39 (80°) Target

D Front Rear
Surface Surface

Taranis Laser
-8-101J

- 800 fs

-1053 nm

- ns contrast 5x107

Deposition

D. Molloy et al., submitted to Physical Review Research (2024)
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Nanofoams targets for experiment @ Taranis

Fd QUEEN’S
4 UNIVERSITY

120 mg/cm3
BELFAST

CH, nanofoam

TOF (5°, 60 cm) CR39 (-44°) on BN substrate

& @

~60% , ~30% C, ~10% O

CR39 (45°)

J

TPS (-60°, 15.5 cm)

100 mg/cm3 50 mg/cm?3
B nanofoam 100 pm
CR39 (80°) Target on PP substrate PP PP PP

U

Taranis Laser
-8-101J

- 800 fs

-1053 nm

- ns contrast 5x107

Front Rear

Surface Surface ~85-90% B, ~10-15% O

Deposition

POLITECNICO D. Molloy et al., submitted to Physical Review Research (2024)
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Nanofoams targets for experiment @ Taranis

QUEEN'’S

<] UONIVERSITY
BELFAST

120 mg/cm3

CH, nanofoam

TOF (5°, 60 cm) CR39 (-44°) on BN substrate

& @

~60% ., ~30% C, ~10% O
CR39 (45°)

J

TPS (-60°, 15.5 cm)

100 mg/cm3 50 mg/cm?3
B nanofoam 100 pm
St i Target on PP substrate Pp PP PP
D Front Rear 0 0
Tatsiiiis T ascr Surface Surfac ~85-90% B, ~10-15% O
-8-10]
o g 80 mg/cm?3
-1053 nm = g
- ns contrast 5x107 . H B+CH, nanofoam
a on PP substrate Pp PP
~40% H, ~30% B, ~20% C, ~10% O

POLITECNICO D. Molloy et al., submitted to Physical Review Research (2024)
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Nanofoams targets for experiment @ Taranis

1 QUEEN'S
] UNIVERSITY B B foam 120 mg/cm3
BELFAST CH, nanofoam
LBN on BN substrate

5 x 108 CHon BN ~60% ,~30% C, ~10% O
ey B B+CH foam
&,
o
.CI_; 100 mg/cms3 50 mg/cm3
o B nanofoam 100 pm
o
< on PP substrate PP Pp PP

~85-90% B, ~10-15% O

B+CH, nanofoam

on PP substrate PP PP

~40% H, ~30% B, ~20% C, ~10% O

POLITECNICO D. Molloy et al., submitted to Physical Review Research (2024)
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Nanofoams targets for experiment @ Taranis

¥ NvERTY
Y BELFAST W B foam
OBN
5 x 108 CH on BN
ey B B+CH foam
2,
o
.CI_; 100 mg/cms3
: 8 nanofoar
o
= on PP substrate PP

~85-90% B, ~10-15% O

MeV  MeV  MeV 80 mg/cm?
B+CH, nanofoam
In-foam proton-boron on PP substrate PP

fusion reactions
~40% H, ~30% B, ~20% C, ~10% O

POLITECNICO D. Molloy et al., submitted to Physical Review Research (2024)
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In conclusion

Q Unparalleled versatility C? Complex, non-linear process

! Potential for many applications
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...What is coming next

u B C N OENe

s P s ER

, Ti ¥ Cr M Fe Co Ni Gu Zn Go Ge As So [BF K

Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In sn Sb Te [N ¥e

B Hf Ta W Re 0s Ir Pt Au Hg T Pb Bi Po AU RA

a [ Rt Db Sg Bh Hs Mt Ds Rg Cn Nh Fl Mc Lv sl [0g
CEEEEESESEDEEEEE
IEDEEEEEEEEEEE

Explore other elements & compounds
(e.g. Boranes, see M. Londesborough's talk)
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...What is coming next

L] He
g = B ¢ N o ENe
Nal Mg AL si PoS Gl AR
Kicasc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se [BF Ke
BBl st Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te [T %e
8| Ba &5 Hf Ta W Re Os Ir Pt Au Hg TL Pb Bi Po At R
el Ro [ Rt Db Sg Bh Hs Mt Ds Rg Cn Nh FL Mc Lv T8 109

—_—

Explore other elements & compounds Nanofoam optimization according to laser
(e.g. Boranes, see M. Londesborough's talk) parameters
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...What is coming next

Be B C'|N O BENNs

Mg AlSIP§ElA_r

Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr

Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe

Ba = Hf Ta w Re Os Ir Pt Au Hg T Pb Bj Po &l R_n

Ra B8 Rf Db Sg Bh Hs Mt Ds Rg Cn Nh FL Mc Lv Ts Og
La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu :2
S e No Pu Am Cm Bk Cf Es Em M =
Ehalbhbohaaminh s

Explore other elements & compounds Nanofoam optimization according to laser
(e.g. Boranes, see M. Londesborough's talk) parameters

U@ R U= agic iz

Advanced targets for
future experiments
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...What is coming next

H He
B 2 B SN o S
B M Al S B S
K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br| Kr
Rb S
Cs B
E!‘Ra

a
r Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
a . Hf Ta W Re Os Ir Pt Au Hg TL Pb Bi Po At Rn
S| Rf Db Sg Bh Hs Mt Ds Rg Cn Nh Fl Mc Lv Ts Og
La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu :2
W T Pl T W PG A G Bk 1GR3 T e 1o [
RO L

Explore other elements & compounds Nanofoam optimization according to laser
(e.g. Boranes, see M. Londesborough's talk) parameters

Advanced targets for
future experiments
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‘Thank you for g
your attention! i
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