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Nanostructured targets for high power laser experiments
Gratings targets (HHG, Xray, plasmonics)

Nanochannel targets (Xray, interaction enlargement, absorption, plasmonics) Microwires targets (periodicity, e density)

Fabrication of micrometer-sized periodic gratings in free-standing 

metallic foils for laser–plasma experiments, Gheorghiu 2022
Laser-Driven Proton Acceleration 

Enhancement by Nanostructured Foils, 

Margarone 2012

Nanospheres (bigger 

surface area)

Intense proton acceleration in ultrarelativistic 

interaction with nanochannels, Gizzi 2020
Microengineering Laser Plasma Interactions 

at Relativistic Intensities, Jiang 2015

Structuring free-standing foils for 

laser-driven particle acceleration 

experiments, Gheorghiu 2021



Nanowires (NWs)Motivation
NW targets for laser experiments may increase:

✓ Maximum resulted particle energy

✓ Laser absorption on the target

✓ Conversion efficiency

✓ Xray emission

A. Macchi et al, Review of  modern physics, 2013

C. Bargsten et al., Science Advances, 2017

S. Vallieres et al, Nature Scientific Reports, 2021

Micro-scale fusion

Proton acceleration

A.Curtis et al, Nature Comm, 2018

High energy 

density matter 

+Tbar pressure

C. Bargsten et al., Science Advances, 2017

8x1010 Jcm-3; 

0.35 terabar

Synchrotron radiation X-ray source

A.Andriyash 

et al., Nature 

Comm, 2014



Methods for NW synthesis
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Chemical Vapor Deposition

Hydrothermal
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Reactive Ion Etching

Metal Assisted Chemical Etching

Lithography

Advantages:  
- wide range of tunable parameters  

- low-cost equipment and materials



Electrochemical set-up Characterization techniques

Atomic force 
microscopy 

(AFM)

Optical profilometer

 

  

 

Energy-dispersive X-ray 
spectroscopy (EDS) & Electron 
Backscatter Diffraction (EBSD)

Optical microscope

Scanning electron 
microscopy (SEM)

20 mm

50 mm

Thickness: 1 mm

Raw Material

Al plate

UHV RF/DC deposition system

Equipment

before after

avg. grain size=5.18μm avg. grain size=106μm

enhances 
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Anodization process
• Al anodization transforms Al in anodized 

aluminum oxide (AAO), which is porous alumina 
in an electrochemical cell. 

G. Sulka, Nanostructured Materials in Electroch. 2008

• Free-standing AAO: by detaching the anodized 

layer from the aluminum substrate or by dissolving 

the aluminium in HCl, CuCL2 mixture.

Electrochemical cell

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

Pore Diameter:     
40-400 nm

Interpore distance: 
40-300 nm

Thickness:           
500 nm- tens of um

AAO
Characteristics

Process Parameters

Electrolyte Oxalic, Citric,

Phosphoric, Ethanol

Type 1 step (mild-high)

2 steps

Voltage 40-400V

Temperature 0-20˚C

Time Gives the thickness

Barrier layer 

thinning (BLT)

With/out 

Detachment With/out 

Y. Hong et al, RSC 

Advances, 2015

Linear relationship between anodization potential and 

interpore distance for anodization in different electrolytes 

Domagalski, Jakub, Nanomaterials, 2021



Target 1/ Template: Nanochannels 

Aluminum 
plate

Anodization 40-

80V + 

detachment

Freestanding AAO

Diameter:40-100nm

Length: 10s of μm 

20x40mm2

Anodization 120V+ 

detachment

AAO

Freestanding AAO

Diameter: 1-200nm

Length: 10s of μm 

Anodization 

250V+ dissolve 

Al
Freestanding AAO

Diameter: 200nm

Interpore distance: 2-300nm

Length: 10s of μm 

Anodization 

400V

~1 μm 

alumina
Freestanding AAO

Diameter: 500nm

Length: 10s of μm 

AAO=anodized aluminum oxide

Used for nanotubes and nanowires

Testing method’s limits



Target 2: Nanowires

➢ Clustering issues

➢ Small interwire distance

✓ Bigger pore diameter

✓ Supercritical drying
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150nm Pt

Pt coating 1-200nm

By DC sputtering

A
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150nm Pt

0.2-10 μm Ni

Ni coating

By electrodeposition

• W.E. (AAO) -

• C.E. (Ti/Pt) +

• NiSO4+ NiCl3+ H3BO3

•  pH 3-3.5

• 3 V/ 0.003A

• 1-10 minutes

Freestanding AAO
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0.2-10 μm Ni
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150nm Pt

5-10 μm Ni

N
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W

NiNWs electrodeposition NWs 

liberation

Nanowires Characteristics

Diameter: 100-300 nm

Height: 500 nm-3μm

Interpore distance: 40-300 nm

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



Cross-section

Top-view

Open backsideTop-view

Target 3: Nanotubes
A
A
O

Thin Pt coating 150nm

By DC sputtering

Ni coating

By electrodeposition

• W.E. (AAO) -

• C.E. (Ti/Pt) +

• NiSO4+ NiCl3+ H3BO3

•  pH 3-3.5

• 3 V/ 0.003A

• 1-5 minutes

Freestanding AAO

NTs 

liberation

A

A
O

A
A
O

A
A
O

0.2-10 μm Ni 0.2-10 μm Ni

or

Nanotubes Characteristics

Diameter: 200-300 nm

Height: 1-3μm

Interpore distance: 40-150 nm

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



Laser experiments & PIC Simulations

* In collaboration with 

J.F. Ong, A. Berceanu, P. 

Tomassini, B. Corobean

data under 

evaluation

ILIL Pisa Laser: 800nm; 3J; 28fs; 10 μm 

focal spot; 25grd; 30 variations  targets 

For Xray emission and proton acceleration

* In collaboration 

with L.Gizzi group

ELI-NP HPLS Users UPM-58: 400nm; 1J; ~80fs; 2 μm focal spot; 10 types of targets 

For proton acceleration

Diagnostics:

-TP

-RCF

-TOF

-Electron spectrometer

➢ What is the optimal diameter/ interwire distance/ 

substrate thickness/ material for different 

applications?

➢ How the wavelength influences the interaction?

➢ How to compare with flat foil?
P.I. Martina Salvadori/ 

Pengjie Wang

M. Cernaianu et al, ELI-NP Annual Report, 2021-2022 

ILIL March Campaign

ELI-NP May User Campaign PIC Simulations



Conclusions

The following has been achieved:

✓ Obtaining free-standing alumina of 1-100μm thickness

✓ Synthesis of Ni NWs on Ni substrate and Cu NWs on Al substrate

✓ Synthesis of Ni NTs on Ni substrate

✓ Preliminary target testing in high power laser experiments

Regarding further work, next directions are of interest:

➢ Synthesis of longer NWs by supercritical drying

➢ Synthesis of bigger pore diameter alumina for NWs and NTS

➢ 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

 

Nanowires Characteristics

Diameter: 100-300 nm

Height: 500 nm-3μm

Interpore distance: 40-300 nm

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

Nanotubes Characteristics

Diameter: 200-300 nm

Height: 1-3μm

Interpore distance: 40-150 nm

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