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Ultra-intense, ultra-short laser-matter interaction
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;:. Positrons
Ultrahigh ; )
current density : @ X-rays,

‘ Gamma gays

MR lONs
: ovq electrons

Laser pulse
I>10" W/cm?

Nuclear excitation
Nuclear reaction
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solid (thin/thick films, microstructured
multi-layer, foams, 3D shapes: micro- Targets
cone, nanospheres, snow clusters, NWs,

gratings nanoparticle, etc.)

mmw Cryogenic

— B ERYE

smm liQuid crystals

How can we improve the interaction?

> laser (contrast, ultra short pulse)
» or target

Targets Characteristics

* Chemical composition — High Z/ low Z

* Volume; Thickness — mass limited/ freestanding
* Density — foams

« Micro/ nanostructuring

« state of aggregation



Motivation
mm) Nanowires (NWSs)

Proton acceleration
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S. Vallieres et al, Nature Scientific Reports, 2021

NW targets for laser experiments may increase:
v' Maximum resulted particle energy
v" Volumetric heating

Ultra High energy density matter + Thar pressure

8x1010 Jecm3;
0.35 terabar

Fg.7 PIC-si nergy density ibution in an array of i aligned 4 i Au ires i i with ani y of 1 x 1022 W em™ (@, = 34)
ing a 4004\mwavl ngth pulse of 30-fs duration. The average atormcdensuty 12%ofsoiddms|ty Each frame corresponds to a differe ntumewnh respect tothe peak of
th laser pulse. The laser pulse impinges into the array from the top at nomal incidence.

C. Bargsten et al., Science Advances, 2017

v’ Laser absorption on the target Scope: widen the range of target characteristics, followed by

v Conversion efficiency
v' Xray emission
A. Macchi et al, Review of modern physics, 2013

simulations and experiments, to improve interaction, for
fundamental studies and applications.

Some challenges: - target fabrication

- laser contrast and pulse duration
- diagnostics



Methods for NW synthesis

m Vapor-Liquid-Solid

m Chemical Vapor Deposition

m Reactive lon Etching

m Metal Assisted Chemical Etching

= Lithography

m Hydrothermal

m Molecular Beam Epitaxy

= Electrodeposition ’)
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=
=
=
O
af




Equipment
Electrochemical set-up Characterization techniques
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Anodization process

Al anodization transforms Al in anodized Power supply

aluminum oxide (AAO), which is porous alumina. _|_ -
Pore Interpore
diameter ,W‘f’" distance

i thlc ness ;
Anodized A AAO .
| fayer WE CE . Characteristics
U, U l _________ Pore Diameter:

40-500 nm

- Barrier
layer 2-5cm
~ - ‘ Interpore distance:
G. Sulka, Nanostructured Materials in Electroch. 2008 Electrochemical cell 40-500 nm

* Free-standing AAQO: by detaching the anodized Thickness:
layer from the aluminum substrate or by dissolving 500 nm- tens of um
the aluminium in HCI, CuCl, mixture.

777 ¢ o2 Process Parameters
%_r}_n_/-w \k & & & & . o
o Electrolyte Oxalic, Citric,
Pores Phosphoric, Ethanol
Type 1 step (mild-high)
2 steps
il 4 \oltage 40-400V
LU Barrier layer Ul g

Closed bottom Open bottom Time Gives the thickness

C. Gheorghiu et al., Frontiers in Physics, 2021



Tarqet 1/ Tem D|ate N ah OChan n6|S Testing method’s limits
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Freestanding AAO

Pt coating 1-200nm
By DC sputtering

a SEM HV: 4.5 kV
View field: 4.98 ym Det: In-Beam SE
SEM MAG: 83.3 kx _ Date(m/dly): 05/15/23 ELI-NP (Target Laboratory)

150nm Pt
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By electrodeposition
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Target 2: Nanowires

SEM HV: 4.5 kV WD: 6.69 mm

View field: 10.0 ym Det: In-Beam SE
SEM MAG: 41.6 kx  Date(m/dly): 05/14/23

MAIA3 TESCAN|
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NiNWs electrodeposition NWs

liberation

2305 nm

SEM HV: 4.0 kV WD: .64 mm

! 2398 nm

|
625 nm

L | MAIA3 TESCAN|

View field: 5.20 ym Det: In-Beam SE 1 ym

SEM MAG: 106 kx  Date(m/dly): 01/25/23

ELI-NP (Target Laboratory)

SEM HV: 4.4 kV. wo: 886mm |
View field: 21.9 ym Det: In-Beam SE 5 um
SEM MAG: 19.0 kx  Date(m/dly); 03/09/23

Nanowires Characteristics

Diameter: 100-500 nm

Height: 500 nm-10s of pm

Interpore distance: 40-500 nm

Material: Cu, Ni, Co, Au, Pd (Ag, Zn, Nd, Tb,
combinations)

Total target area: few cm?
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| MAIAS TESCAN SEMHV:BOKV | WD:10.67mm | | L] MAIA3 TESCAN|
View fleid: 19.8ym  Det: in-Beam SE 5 pm
ELI-NP (Target Laboratory) SEM MAG: 10.5 kx _ Date(midly): 06127122 ELI-NP (Target Laboratory)




Freestanding AAO
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Thin Pt coa{ting 150nm
By DC iputtering
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Target 3: Nanotubes
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| . C.E.(TilPt) +

Ni coating === | + NiSO,+ NiCl;+

By electrodeposition H;B0;

Nanotubes Characteristics

Diameter: 200-300 nm

Height: 1-3um
Interpore distance: 40-300 nm
Material: Ni, Cu, Co, Au, Pd (Ag, Zn, Nd, Tb,

combinations)

Total target area: few cm?

NTs
liberation

SEM HV: 4.5 kV WD: 6.89 mm
View field: 2.65 pm Det: In-Beam SE 500 nm
SEM MAG: 136 kx  Date(m/dly): 05/17/23

ELI-NP (Target Laboratory)
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SEM HV: 4.0 kV WD: 6.87 mm | MAIA3 TESCAN  SEM HV: 4.0kV WD: 685mm | MAIA3 TESCAN|
View fleld: 719 ym | Det: In-Beam SE 2 ym View fleld: 2.49 ym | Det: In-Beam SE 500 nm

SEM MAG: 67.7 kx | Date(midly): 02/16/23 SEM MAG: 167 kx _ Date(m/dly): 02116123 ELI-NP (Target Laboratory)
£ L -

SEM HV: 4.0 kV
View fleld: 297 pm | Det: In-Beam SE 500 nm View fleld: 21.9 pm
SEM MAG: 140 kx _ Date(midly): 02115123 ELI-NP (Target Laboratory) SEM MAG: 18.9 kx  Date{m/dly): 02116123 ELI-NP (Target Laboratory)
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SEM HV: 4.0 kv WD: 6.67 mm MAIA3 TESCAN  SEM HV: 4.0 KV WD: 6.88 mm | maiA3 TESCAN|
View field: 5.65ym  Det: In-Beam SE 1 pym _ Viewfleld: 249pm _ Det: In-Beam SE 500 nm
SEM MAG: 73.4 kx _Date(midly): 02/15/23 ELI-NP (Target Laboratory) SEM MAG: 167 kx _ Date(midly): 02/15/23 ELI-NP (Target Laboratory)
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SEM HV: 4.0 kV

View field: 3.54 ym

SEM MAG: 156 kx
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SEM HV: 4.0 kV

View field: 4.15 ym

SEM MAG: 133 kx

WD: 15.46 mm
Det: In-Beam SE
Date(m/dly): 01/25/23

WD: 15.74 mm
Det: In-Beam SE
Date(m/dly): 01/25/23

Targets surface area — few cm?
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SEM HV: 4.0 kV

View field: 31.1 ym

SEM MAG: 17.8 kx
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SEM MAG: 16.4 kx
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View field: 270 pm
SEM MAG: 2.05 kx

SEM HV: 4.0 kV
View field: 212 pm
SEM MAG: 2.61 kx

WD: 15.46 mm
Det: In-Beam SE
Date(m/dly): 01/25/23

WD: 15.75 mm
Det: In-Beam SE
Date(m/dly): 01/25/23
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ELI-NP (Target Laboratory)




Conclusions

The following has been achieved:

v'Synthesis of NiNWs and NiNTs on very
thin Ni substrate

v'Increasing of target parameters intervals
(dimeters, interpore distances, substrate
thickness)

v'Laser experiments to study proton
acceleration and x-ray emission from
nanostructured targets

Regarding further work, next

directions are of interest: {§§§

» Synthesis of longer NWs by supercritical
drying

> Increasing the interpore distance

» Obtaining other metallic NWs (Co, Ni, '
Au, Pd, or mix)
> Si NWs by RIE+ EBL (Top-Down method) §

> Target testing in high power laser
experiments

> PIC simulations for NWs & AAO
targets
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