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Ultra-thin targets:  Why going to the limit?

❖ Motivation: 
electron acceleration from solid density,  ultra-thin targets

❖ First experimental observations: 
‣ Los Alamos National Lab
‣ Max-Born Institute

Outline

max. ion energies vs target thickness
LANL: 90J, 500fs
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Electron Blow-out Regime

electrostatic charge 
separation field:
(field of 1D capacitor)
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note:  plasma skin depth (typically ~ nm) > target thickness
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Es = e ned/ε0
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Electron Sheet Acceleration

ultra-dense, attosecond electron bunch
[relativistic electron mirror]

V. V. Kulagin et al., PRL 99, 124801 (2007)
Meyer-ter-Vehn, H. C. Wu, EPJ D (2009)

solid density target: ne ~ 1024 cm-3 >> 1018 cm-3 (gas target)
ultrathin, ~ few atom layers thick => t ~ as << fs (gas target)

PIC: 

NkLd = 10
a0 = 60
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Entering the Electron Blow-out Regime

Diamond-like Carbon (DLC) foils (LMU Munich)

✦ free standing foils
✦ thickness 60nm - 3nm
✦ high sp3 bonding content: ~75%
✦ high mechanical strength
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Entering the Electron Blow-out Regime

Diamond-like Carbon (DLC) foils (LMU Munich)

✦ free standing foils
✦ thickness 60nm - 3nm
✦ high sp3 bonding content: ~75%
✦ high mechanical strength

Max-Born Institute

Los Alamos National Lab

electron blow-out condition
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- Experiments

Nd:Glass, 90J, 500fs, 1Shot/h
OPCPA Pulse Cleaning

Los Alamos National Lab
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Electron blow-out from ultra-thin foils

ion acceleration

electron blow-out

electron distributions measured 
in target normal direction (0deg)
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Image Plate Stack
[measured behind a 46mm thick Al block]

ga
p 

e-
 S

pe
c 

(0
de

g)

e- Spatial Distribution

0 20 40 60
0

5

10

15 x 109

energy (MeV)

pa
rti

cl
es

 (M
eV

−1
 s

r−
1 )

 

 

21032_4
21032_3
21032_2
21032_1

300nm

laser
pol.

0 20 40 60 80
0

0.5

1

1.5

2 x 109

energy (MeV)

pa
rti

cle
s 

(a
.u

.)

 

 

21043_1
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<Thot> = 8.2MeV
Protons: 42.9MeV
C6+: 360MeV
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MBI Experiment

Ti:Sapph, 700mJ, 50fs, 10Hz 
Double Plasma Mirror

Max Born Institut, Berlin

thickness reduction by evaporation

‣ DLC foil thicknesses deduced from AFM measurements   
   include contaminant layer of ~ nm thickness
‣ contaminant layer can be eliminated by target heating
   prior to the shot using a cw laser

nm
foil
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MBI Experiment
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Max Born Institut, Berlin

0 5 10 15 2520 30 35 40 50
target thickness (nm)

45

15

10

5

0

m
ax

. i
o
n
 e

n
er

gy
 (

M
eV

 /
 u

)  H+

 C6+ 

 lin.

 lin. 
 circ.

 circ. 

el
ec

tr
o
n
 n

u
m

b
er

 (
a.
 u

.)

energy (MeV)

 lin.
 circ.

0.5 1.0 2.01.5 2.5 3.0

1010

109

electron
spectrum

d = 5.3 nm

(dopt)ion

e- blow-out

thickness reduction by evaporation

‣ DLC foil thicknesses deduced from AFM measurements   
   include contaminant layer of ~ nm thickness
‣ contaminant layer can be eliminated by target heating
   prior to the shot using a cw laser

nm
foil



heating
laser

MBI Experiment

Ti:Sapph, 700mJ, 50fs, 10Hz 
Double Plasma Mirror

Max Born Institut, Berlin
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Experimental Setup

red glowing 
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Electron Spectra

3nm/5nm thin foils: 

   thermal electron distribution: hot electron temperature Thot ∼ 0.5 MeV

<3nm thin foils (target heated prior to high-intensity laser shot):

additional (peaked) spectral component above the thermal electron background
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Particle-In-Cell Simulations
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Summary
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R. Shah: Direct Optical Signatures of Relativistic 
Transparency of Nanometer Foils

A. Henig PRL103 (2009)



Conclusions 

Motivation: Generation of a relativistic electron mirror of solid density

‣ fabrication of free-standing, ultra-thin foils down to 3nm thickness 
which can be used for laser plasma experiments

‣ first observation of electron blow-out from ultra-thin foils at two 
different laser systems

‣ acceleration of all foil electrons in a single, dense electron bunch (Electron Sheet)

‣Thomson scattering of a counter-propagating 
probe pulse

Future Plans:

Achievements:
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Thank you!




