Bulk ion acceleration from ultrathin foils in PW-class [
interactions on the ASTRA GEMINI laser
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Outline

Acceleration (RPA)
* Experiments on ASTRA-GEMINI

* Past — Previous work. Polarization dependence of RPA
e Current:

* Intensity dependent optimum thickness for RPA
e Multi-Species Effects

» Species dependent RPA — PIC simulations
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lon Acceleration — RPA

ssssssss

* Desirable Scaling with Intensity

e [;¢ X 17 e, HY,

e Eyp 1 Cb*etc
* Potential for quasi mono-energetic

spectrum

e Bulk lon acceleration — heavy ions e.g. C°*

Drawbacks

e Low areal density — Ultra-thin foils / low
density foams required

e Ultra-high contrast needed — limited by

transparency effects
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lon Acceleration — RPA

ssssssss

.................................

e, H,

For amorphous carbon foils p =
Cé* etc

350n, hence £ = 10nm

e Use of circular polarisation (CP) —
Reduces electron heating by removing
oscillating JXB term

LP CP
E V ~E Y
k ok
0 ) 0
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linearly polarised (LP)
» Particularly C® - evidence of bulk
acceleration
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A. Macchi, S. Veghini and F. Pagoraro PRL 103, 085003 (2009) C. Scullion et al, Phys. Rev. Lett., 119, 054801 (2017)
2B. Gonhzaléztizquierdo et al Appl. Sci. 2018, 8, 336 :
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linearly polarised (LP) / ~=-PIC2D - CP
; ; i \ —8-Exp13-CP
 Particularly C®* - evidence of bulk _ i ~+-PIC 2D - LP
. 3200 ;v\« ——Exp13-LP | -
acceleration > AT ® 3D-CP
e Good agreement with 2D/3D simulations %15 ?
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Polarisation Dependence RPA - 2013

linearly polarised (LP)

» Particularly C® - evidence of bulk
acceleration

e Good agreement with 2D/3D simulations

e LP target becomes transparent much
earlier, reduces bulk ion acceleration

* Energy gain for CP follows the expected
energy evolution for LS for a gaussian
pulse for longer than LP
v (1+¢€)?*-1 2F(t)

ook Prs = (1+e)2+1 ~ plc?

IA. Macchi, S. Veghini and F. Pagoraro PRL 103, 085003 (2009)
2B. Gonhzaléztizquierdo et al Appl. Sci. 2018, 8, 336
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Optimum Thickness - 2017

"« Presence of an optimum thickness * Proton energies do not follow the
(15nm) for RPA (33MeV/n —400MeV) same trend with thickness
e C® Energies decrease < 15nm since
target goes transparent earlier in the
pulse
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* Protons (gq/m = 1) are usually * 1
accelerated over C°* (g/m = %) in the 0 For

N
[6)]
T

presence of a sheath field
* RPA should present similar energies
per nucleon for the species f
e Optimum thickness for C®* produces a \
local minimum in proton energies P S |
* They increase again as the target goes bl
transparent earlier
 15nm > analytical prediction (10nm)
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Intensity Scaling - 2017

"« Intensity (energy) scan shows another
huge difference in the acceleration of
the 2 species

 Comparing optimum thickness

between PIC (10nm) and experiment
(15nm).
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Intensity Scaling - 2017

e Intensity (energy) scan shows another 7
huge difference in the acceleration of
the 2 species

 Comparing optimum thickness
between PIC (10nm) and experiment
(15nm).

e Simple 2D PIC overestimates C®*
scaling compared to experiment [? —
I due to later onset of transparency
— Still RPA regime

HH 15nm Exp CG+
12

30 - _Eion ol

—2D PIC

I\

20

10 [-

Maximum lon Energy (MeV/nulceon)

Dqtection Threshqld

* Simple 2D PIC does not account for the 0, 2 3 s 5 6

Intensity x 10%° w/cm?

difference in the species

19/0?9/201'9n dependent of proton

concentration/location
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edge after plasma mirrors

* Plasma mirrors activated a few ps
before the pulse, target begins to
expand.
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RPA - PIC

edge after plasma mirrors

* Plasma mirrors activated a few ps
before the pulse, target begins to
expand.

 Parts of the target become
underdense

* Target recompresses during the
rising edge of the pulse

* ‘Overdense areal density’ decreases
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Multi-species acceleration

plasma expansion (few MeV) / sheath

effects
e Carbon is initially accelerated by RPA
 Target (optimum thickness) goes ot X
transparent just after the peak of the

pulse as the density drops

e RPA shuts off , enhanced acceleration
takes place with transparency effects

* Followed by sheath effects

time (fs)
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Multi-species scaling

different scaling of carbon vs protons

e Carbon scaling indicates RPA (early
shut off due to transparency)

* Protons scaling similar to sheath
effects acceleration

19/09/2019

Maximum lon Energy (MeV/nulceon)

r
(N

ADVANCED STRATEGIES FOR
ACCELERATING IONS WITH LASERS

QUEEN'S
UNIVERSITY
BELFAST

40 \
H+ 15nm Exp
A 15nm PIC Expanded

—E |1.2
ion

—PIC

30 - (@) C%*

20+

Intensity x 102° w/em?

16



r
(N

ADVANCED STRATEGIES FOR
ACCELERATING IONS WITH LASERS

QUEEN'’S
UNIVERSITY
BELFAST

PIC thickness scan
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thinner targets - thick targets have a
smaller separation between carbon
and protons
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* Optimal thickness means carbon gets L e
greater acceleration over protons )

* <15nm, earlier onset of transparency:. g T (@ o
reduces carbon acceleration in favok.s . -
of protons i 0 E 193

e Results in dip in optimum thickness ** M\ iy

E,on (MeV/nucleon) E,,, (MeV/nucleon)
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Acceleration contributions

allows a determination of which
mechanisms dominate

e 70% comes from RPA and subsequent
sheath effects

* 30% contribution from transparency
* Measurement still under investigation!
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Summary

* Demonstrated the effect of polarization on the transition to LS
acceleration (25MeV/u carbon)

* Demonstration of (intensity dependent) optimum thickness for RPA —
15nm, producing 33MeV/u carbon

e Contribution of RPA to species dependent ion acceleration — ion energy
scaling depends on the species

» Carbon accelerated in RPA regime, protons accelerated in the expansion/sheath
acceleration regime
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Future Scaling

* Increasing the intensity to 1PW regime
will result in an increase in optimal
thickness — energy scaling reduces to
linear
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e Optimum thickness will only scale 1¥/2;
still in the ultra-thin range
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