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Shock acceleration:
a possible route towards a table-top accelerator?

Shock acceleration has been demonstrated with critical targets

Narrowing thesspread

How shocks are generated?

What are the optimal conditions for ion acceleration?
D. Haberberger et al,, Nat. Phys., 8,95 (2012). E.Boella | 4 EAAC | La Biodola, September 17th, 2019
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How to drive an electrostatic shock:

2D simulation setup
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Laser parameters Plasma parameters

| =9 * |06 W/cm?
Ao =10 pm
ao = 2.5

p - polarized

T =14 ps = 2640 wy"!

Lx = 4000 pm
Ly =200 pUm
Lg = 200 pm
= 1019 pp/cm3
mi/me =1836

Lx = 2500 * 120 (c/wp)?
Ax = Ay = 0.25 (c/wyp)
At =0.2 wp'!
H#ppc =8*8
cubic interpolation

Longitudinal density profile
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Intense heating and density steepening
lead to the shock generation
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Quasi-monoenergetic beam is obtained Universlyy
in tailored near-critical density plasmas
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Requirements on the spatial scale of the rear plasma "% =
to achieve high-quality ions have been identified

Theoretical prediction on Lgopt

Uniform shock velocity ~ Uniform ion reflection Symmetric g 7r c
m; expansion i [Pt ~
Ltarget < )\O Me Lg ~ Ltarget < 2Lg ! Wpi .
= Q\\\\ I Wi, Teo=008MeV
518\% \\\x,\* Teo = 0.2 MeV
0 — s TeO = 0.5 MeV

0 1 2L /|_opt3
9’ g

Shock driven by a density discontinuity; simulations performed with the shellgalggorithm (E. Boella et al., Comput. Phys. Commun. 224, 136 (2018).)

E. Boella et al,, Plasma Phys. Contr. F. 60,035010 (2018).
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Optimal conditions for a quasi-monochromatic beam
have been confirmed by 2D simulations of laser-driven shocks

L.°Pt minimizes energy spread maximising the fraction of reflected ions
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Engineering exponentially decaying profile with
multi-layer plasmas

Exponential profile [/i=5.4
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E. Boella et al,, Plasma Phys. Contr. F. 60,035010 (2018).
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In underdense plasmas with long plasma gradients
shock is due to ion overtakings

3D simulation setup Electric field and density
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P Antici, E. Boella et al,, Sci. Rep. 7, 16463 (2017).
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Experimental proof of Hilversity @
Low Density Collisionless Shock Acceleration (LDCSA)

Experimental setup p* cut-off energy vs initial target thickness
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Simulations show that LDCSA is very effective in
exploded thin targets

LDCSA accelerates ions with lower divergence compared to TNSA

Results @ t = 33.7 ps
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Summary

Shocks in near-critical density plasmas

Requirements for accelerating a good quality ion beam have been identified and verified

in simulations.

A new engineered multi-layer configuration has been proposed and tested, showing that it
will lead to a high quality ion beam.

Shocks in underdense plasmas

Low density collisionless shock acceleration has been demonstrated in laboratory and
confirmed by numerical simulations.

The maximum proton energy is as high as in TNSA under the same conditions, but the
beam presents a lower divergence.

For more exciting numerical and experimental work on laser-driven ion

acceleration please check L. Gizzi’s poster on Wednesday
E.Boella | 4 EAAC | La Biodola, September 17th, 2019



