Targets used in laser-driven proton acceleration based on TNSA mechanism
Carpathian Summer School of Physics 2020

Phys. Alexandru MĂGUREANU

LDED Group, ELI-NP, IFIN-HH
August 2021, Sinaia

1

Outline
I.

II.

About TNSA – Acceleration of protons
I.

Laser Matter Interaction

II.

Ions Acceleration

III.

Side view of the interaction

Targets
I.

Fabrication

II.

Metallic Targets

III.

Dielectric Targets

IV. Structured Target

August 2021, Sinaia

2

Laser-matter interaction
Ionization From Intensities of 10^13 W/cm2 the primary mode of interaction between
electromagnetic waves and matter is no longer resonant excitation of atomic states, but any
material is readily ionized

Plasma formation and plasma oscillation After ionization, plasma is formed and it
starts expanding, creating a gradient of plasma density with a respective gradient of
plasma frequency
Particles and radiation acceleration TNSA

Seryi, Andrei Unifying physics of accelerators, lasers and plasma;
CRC Press (2016) Chapter 4

Images:Laser-driven charged particle beam structures from targets undergoing relativistic induced transparency,
Dr Martin King, 3rd European Advanced Accelerators Concepts Workshop 24-30 September 2017
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SOLID Targets

Ions acceleration
TNSA - Target Normal Sheath Acceleration

Energetic ions are extracted and accelerated by the electric field generated by the charge separation as a result
of the energy transferred from a long-pulse laser to the electrons, and their respective temperature.
• The laser prepulse creates a preplasma on the target’s front
side.
• The main pulse interacts with the plasma and accelerates
MeV electrons, mainly in the forward direction.
• The electrons propagate through the target, leave the rear
side, resulting in a dense sheath.
• An electric field due to charge separation is created.
• The field is of the order of the laser electric field ( TV/m), and
ionizes atoms at the surface.
• The ions are then accelerated in this sheath field, pointing in
the target normal direction.
M. Roth, M. Schollmeier, Ion Acceleration—Target Normal Sheath Acceleration, 2014
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SOLID Targets

Protons acceleration
TNSA - Target Normal Sheath Acceleration

Shortly : Energetic ions are extracted and accelerated by the electric field generated by the charge separation as
a result of the energy transferred from a long-pulse laser to the electrons

In metallic targets, protons are ordinarily present as
surface impurities; such localization, combined with the
high charge-to-mass ratio, favours their acceleration
with respect to heavier ions

Accelerated ion bunches

broad energy spectrum

along the target normal direction
Schlenvoigt, H.-P.; Jackel, O.; Pfotenhauer, S. and Kaluza, M. -Laser-based Particle Acceleration, 2010
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Shadowgraphy

Side view of the interaction

Main Beam

~3 ps uncertainty
6 m Al, DL – 200ps
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6 m Al foil, DL + 200ps, 520 TW

20 m Plastic foil, DL + 200ps, 16TW

6 m Al foil, DL – 200ps
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SOLID Target

Target fabrication

Solid targets for high-power laser experiments can be divided into two broad categories:
• planar
• 3D targets - more complex
- manually or robotic assembly for each single target

Metrology has a central role in target fabrication,
Sample production, assembly and mounting processes must be checked after every step
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SOLID Target

Aluminum Targets
The typical target thickness varies from bellow 1 m to few 10’s m and even several 100’s of m.

Near 1 ps level, at 0.7-0.9 ps

intensity: I2𝐿

4*1019

Wcm-2m2

High laser
≥
Higher energy, between 18 to 50 MeV

(with a few exceptions at 5,10,11 and 12.6 MeV)

𝐼2𝐿 ≤ 4*1019 Wcm-2m2
Energy from 0.6 to 4.8 MeV

between 100-320 fs

pulses ≤ 45 fs

A higher laser intensity associated with longer pulses (in the few
100’s fs) led to higher proton maximum energies
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SOLID Target

Metallic Targets
Targets made of other types of metals have been studied as well.

It seems that no energy increase is evident
with a particular type of metal
The peak energy is obtained with Mo, Au,
Fe and SS targets with a measured top
proton energy near 60 MeV.
Characterized by intensity:
1019 < I𝟐𝑳 < 2*1020 Wcm-2m2 and target
thickness between 4 and 50 m
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Dielectric targets

SOLID Target

Typical non metallic targets are those made of plastic.
pulses longer than 400 fs

I2𝐿

≥1020

Wcm-2m2 `

I2𝐿 ≤4*1019 Wcm-2m2
Thickness from 0.1 m to 400 m
Energy between 2 and 10 MeV

Ultrashort pulses- tens of fs: record proton
energy is 24 MeVs for Mylar, 0.7 m

The thicknesses that leads to the highest proton energy ( >60 MeV) appear to be between 100 nm-1.5 m
- in the 1020 to 1.5 * 1021 Wcm-2m2 intensities regime
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Structured Targets

SOLID Target

Cu Conical T: 67.2 MeV –Intensity 1.5 * 1021 Wcm-2
flat top diameter of 290 m
Example: 30 MeV (conical), compared to 19
MeV (thin Au foils with 10 m thickness)
Polystyrene spheres,1 m diameter, produced proton
cut-off energies up to 40 MeV
In several studies it is demonstrated that the maximum proton
energy increases with the use of structured targets, but there
have been also a few reports which did not show an
enhancement of the maximum proton energy
The main benefits of cone targets appear to be an increased confinement of the laser light inside the cone and
a more effective generation of hot electrons
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TNSA

Thickness effect on the acceleration mechanism
Proton energy increase when the target thickness decrease
Need: highest electron density at the rear surface

Solution: ultrathin targets of a conducting material
For a hydrogen containing layer on the target surface,
the dominant accelerated ion species is protons

The thinner the target, the more sensitive it is to laser prepulse
severe limiting factor
0.3 J, =33fs, dfoc =10 m, I =1019 W/cm2
Enhanced proton beams from ultrathin targets driven by high
contrast laser pulses. Appl. Phys. Lett. 89, 021502 (2006)

Emax =0.6 MeV for 30 m , 4 MeV for 0.1 m, 3 MeV for 0.02 m
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Conclusion and lessons learned
• The target normal sheath acceleration (TNSA) is a robust mechanism for proton and ion acceleration from
solid targets when irradiated by a high power laser
• A large variety of targets with different morphologies such as the geometrical shape (thin foil, cone,
spherical, foam-like) with different structures (multi-layer, nano- or micro-structured with periodic
striations, rods, pillars, holes) and made of different materials is available
• Proton energy increase when the target thickness decrease
• Laser prepulse has a major role
•

Longer pulses led to higher protons energy

• Nanostructuring can significantly enhance laser absorption
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Thank You!
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