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MBI's High Field Laser Infrastucture

XPW:-Frontend: Laser Arm 1: Laser Arm 2:
® Synchronized Laser Operation ® Ti:Sapphire ® Ti:Sapphire
® Contrast Ratio[1]: 10710 — 101! ® 100 TW e 70 TW

® 25 fs ® 35 fs

[1] M.P. Kalashnikov et al., 2012 AIP Conf. Proc. 1462, 108
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Motivation

e Quantitative temporal and spa-
tial reconstruction of electromag-
netic fields [2, 3, 4]

o Field effects in ultathin foils
(30 nm) irradiated with pulses of
high temporal contrast

E-Field

of

B-Field

e Post acceleration of ions [5]

[2] Th. Sokollik et al., 2008 Appl. Phys. Lett.92, 091503, [3] W. Schumaker et al., 2013 Phys. Rev. Lett. 110, 015003,
[4] G. Sarri et al., 2012 Phys. Rev. Lett. 109, 205002, [5] S.M. Pfotenhauer et al., 2010 Ne%l J. Phys. 12, 103009
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Target Normal Sheath Acceleration

1.) Pre-plasma on thin foil 3.) Formation of an Properties of a laser-
electron sheath accelerated proton
beam:

e Divergent beam

e Low emittance

e Broad energy spec-
trum

2.) Main pulse interacts 4.) lon acceleration
with pre-plasma e Short  acceleration
time (200-300fs) for
femtosecond  laser
drive

— well suited for
imaging purposes
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Principle of Proton Imaging
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Proton Streak Geometry

g l >
- & |2
Intgr— @ S
action g
Target 2: S —_——
aluminium (0.8 um) B e

Divergence Angle

Target 1:

titanium (5 um) proton

beam

Time



References

Probing of the target-normal E-Field component

Proton

DA
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Proton Streak Geometry
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Probing of the B-Field and radial E-Field Components
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Experimental setups for probing the electromagnetic field
distribution of ultrathin foils with high temporal contrast

spectrometer
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Experimental setup for post acceleration

Target 2:
aluminium (0.8 um)

Target 1:
titanium (5 um)

beam
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Experimental setup for post acceleration
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Experimental setup for post acceleration
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Data Analysis

+ 0.75

— 0.50

e Bending due to the in-
homogeneous field of
the permanent mag-
net

Divergence Angle [Rad]

0.25

e Measurement of all 0.00

field components, Par-
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Results - Averaged Energy Distribution
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Q g co
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[5] S.M. Pfotenhauer et al., 2010 New J. Phys. 12, 103009



Discussion

2D3V PIC Simulation

Modelling of the experiment:

e Field lifetime t =~ 100fs

e Field Extension d =~ 2um

e Ambipolar Field with an amplitude E = 0.15 Ej jser

e Dips and Peaks depend on target distance and proton energy (time delay)

e Protons move in a temporally and spacially changing field geometry
= Field components from target rear and front side do not cancel out

e For a small part of protons an averaged field acts which points in one
direction
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Discussion

Analytical Model e Isothermal model spectrum:
e Force located in some point: f= aexp(—ay/€o/ce1)
2\/€o€e1
Flx 1) = U(6)o(x — k) e Changed proton energy distribu-
. tion:
e Time dependance: . aexp(—a\/m/Tﬂ) deo
"~ = -0
T+ U 2./€p€e1 de
u(t) = 5 : t2 Ot~ o) ‘

+ [wpi(t — t12)] e(e0) = €0 + U(Lt/\/€0/2m,)

wpi © ion plasma frequency . .
= initial distribution

to = It/ €p12/2mp = changed distribution |

Iy : target distance

© : Heaviside step function

U = € : fast electron energy pulse 2

€e1 - fast electron energy pulse 1 ool L T J

dN/de [1]
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Normalized Counts [1]
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Discussion

m initial distribution
m changed distribution
W experiment

® Model curve: Instument function not
considered yet

® Effective temporal duration of the en-
ergy redistribution: ~10 ps

® |ateral extention of the field: 3mm
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Discussion
Extension of the model (preliminary):

e Two potentials for front (U;) and back surface (Uz) of the foil
e Expansion of the foil

The proton redistribution depends strongly on the amplitude ratio U /Uy!
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Conclusion

The coaction of strong electrical fields at a laser irradiated foil can have a
pronounced influence on the propagation of a proton probe beam.

The redistribution of kinetic energies is restricted to a sharp but relatively
narrow energy range.

A strong effect to proposed staged laser driven TNSA-like acceleration has
not been observed experimentally.

With our experiments and comparison to model calculation and simulation
a better knowledge of the field dynamics will be obtained in order to
discuss modified additive acceleration scenarios in laser ion acceleration.
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