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HEDP on

230 TW / 1.8 MJ 
of X-Rays

This image cannot currently be displayed.

X-ray driven deuterium 
capsule compression in
a hohlraum.

8 x 1010 neutrons
Thohlr. = 220 eV
CR > 14 (40 g/cm³)



Where do ions figure in?
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Edge Emission
(Concept: McKenna et al.: PRL 98, 145001, 2007)

electrons

proton emission



Edge Emission
Proton Traces on B-Spectrometer

(E=inf)

0.73 mm corresponds to 1.46 mm target width

Low energy protons are emitted from the edges of the target foil and leave parallel ghost images on the image
plate behind the Thomson parabola. Similar to X-ray emission, the intensity is substantial due to field enhancement
at an edge. The entrance pinhole of the spectrometer projects a 1:2 demagnified 1D-image of the source.
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Edge Emission
Comparison with Main Proton Trace

*PSL: photo-
stimulated
luminescence

*



Edge Emission
Dependence on Laser Energy

Evaluation of
shots with a
distance from
focus to edge
of 1mm ± 10%



Edge Emission
Dependence on Focus Position

Evaluation of
shots with a
laser energy of
30.5 J  ± 10%



Edge Emission
Dependence on Laser Intensity

No obvious 
dependence of
max. proton 
energy on
laser intensity!



Edge Emission
Explanation: Thermalized electrons ?

Electrons cool along the target:

Te ∞ T0 * e –x/c + Tbulk

This example: c = 0.1 mm
Tbulk = 0.05

bulk temperature
(thermalized)

Emax(p
+) = F(Te, ne)

Te: electr. temp.
ne: electr. density

Emax(p
+) is:

• independent of Te,0 ∞ I½

• proportional to ne ∞ Elaser

• proportional to ne ∞ 1/d
• dependent on Tbulk (∞ Elas?)
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Calibrating Image Plates
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Calibrating Image Plates
CR39 vs. IP

CR39

IPCarbon 3+



Calibrating Image Plates
CR39 vs. IP

MEAN relative deviation: (cnts)/cnts = 37%



Proton Energy Scaling Laws
for Target Normal Sheath Acceleration

Fuchs et al.:Nature Physics 2, 48  (2006)

Concept: Isothermal expansion into vacuum

Schreiber et al.: PRL 97, 045005 (2006)

Concept: Electrostatic field acceleration

How does the electron sheath 
form and accelerate protons?
- Two entirely different approaches:

e- p+

e-
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Proton Energy Scaling Laws
A modified modelElaser :40J

target : Cu, 25µm
focus : 8µm FWHM

Elaser :40J
target : Cu, 25µm
pulse  : 1ps

• Established models disagree strongly.
• Established models do not match data.
• No critical dependence on focus or pulse width!!



Proton Energy Scaling Laws
A modified model
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• Electron recirculation has been taken into account.

• Electrons cool down due to radiation and collisions, real acceleration time.

• Additional empirical energy loss process in the first 100 fs (instability?)

• Published data from other experiments are also well reproduced.



Summary

• Emax of edge emission protons seems independent
from laser intensity (thermalization?). It increases
linearly with laser energy and decrases linearly
with edge distance from focus: Proportionality
with electron density.

• Image plates respond linear to the energy deposited
by charged particles.

• TNSA protons scale differently than assumed. 
Intensities seem less significant; the expansion
and cooling/energy loss of electrons are important.


