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Laser Breakout Afterburner (BOA)

Target Normal Sheath
Acceleration (TNSA)

Intermediate phase Laser Breakout
Afterburner (BOA)
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BOA – Proton Energy
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Simulation by Lin Yin, Los Alamos National Laboratory

Laser Parameters
I 120 Joule in 500 fs
I intensity of 1021 W cm−2

I contrast greater than 109

I linear polarization
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Cryogenic Target Properties

Advantages
I pure
I free standing
I adjustable thickness (µm to cm)
I large diameter (0.1 mm2 to 1 cm2)
I solid state density

Disadvantages

I non-transportable targets
I complex setup & alignment
I low repetition rate Cryogenic Target
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Setup

Requirements
I vacuum chamber
I cryogenic cold head
I pure gases
I pressure control
I temperature control
I target diagnostics

Cryogenic test rig at TU Darmstadt.
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Growing Chamber

copper base plate

indium seal

target mountwindow

I copper base plate features good heat conduction
I high tightness due to indium seal
I windows for real time optical diagnostics
I motorized polycarbonate growing chamber
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Target Geometry

Different growing chambers. [J. Menzel]

I target geometry is determined by
the geometry of the target mount
and the growing chamber

I thickness: µm to cm
I diameter: mm to cm

I growing process takes about
1–30 min

I thickness can be reduced by
controlled heating
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Growing Procedure
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Computed by Wolfram»Alpha
Phase diagram of hydrogen. [Wolfram|Alpha]

1. ensure vacuum better than
10−5 mbar

2. cool copper base plate
down to less than 10 K

3. attach growing chamber to
base plate

4. adjust temperature and gas
pressure

5. fill growing chamber with
target gas

6. wait for target to solidify
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Target Thickness Measurement

3

System and Components 
Polytec’s TopSens line is available in a 
variety of combinations and includes 
everything required to start measuring 
immediately: controllers, optical pens, 
fiber optic cables, electrical cables, and 
software. These components can be 
selected according to the required 
measurement tasks. 

Optical Pens
Different optical pens determine the 
measurement range and the maximal 
object slope whereas the magnifier mainly 
determines lateral resolution. The pens of 
the CG-MG line offer a choice of magni-
fiers for the specified range. The OP series 
offers versions with 90° beam deflection.

In addition, the ENDO line of chromatic 
confocal pens provides a tiny size, allow-
ing for non-contact measurement appli-
cations in tight spaces. Thanks to their 
size, integration in inspection machines 
on the production line is made easier. 
These miniature pens are also useful for 
the measurement of holes or cavities of 
small diameter.

Controllers
The electrical controllers, including the 
white light source, are available with dif-
ferent measurement rates, with or with-
out front panels, with up to four multi-
plexed channels or simultaneous multiple 
channels, each for a separate optical pen. 
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Advantages

 !  Measurement on any type of material (metal, glass, ceramic, semiconductors, paper)

 ! Measurement of polished surfaces (mirrors, wafers) and rough ones

 ! Instant measurement with no moving parts in the sensor

 ! Resistant to harsh environments (temperature, pressure, radiation)

 ! Insensitive to ambient lighting

 ! ISO 25178 compliant

 ! Easy to integrate into production lines

An Innovative Optical Principle
TopSens optical sensors are based on the innovative Chro-
matic Confocal Imaging principle. Incident white light is 
imaged through a chromatic objective to yield a continuum 
of monochromatic images along the Z-Axis, thus “color cod-
ing” the optical axis. When an object is present in this field, 
an unique wavelength is perfectly focused at its surface and 
is reflected back into the optical system. The backscattered 
beam passes through a filtering pinhole into a spectrometer. 
The specific wavelength of the beam is calculated, to pre-
cisely determine the object’s position in the measurement 
field. Chromatic Confocal Imaging allows for reliable, accu-
rate and reproducible dimensional measurements with high 
resolution.

Chromatic confocal distance
measurement. [Polytec]

Capabilities
I chromatic confocal sensor
I lateral resolution 3 µm
I vertical resolution 10 nm
I measuring range 2–300 µm
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Experimental Campaign at PHELIX
Overview

Goal
First experimental campaign to use thin foil-like cryogenic hydrogen targets for
laser-driven ion acceleration.

I PHELIX laser, GSI Darmstadt
I 200 J, 500 fs, 1053 nm, 5 µm focal

spot, 1020 W cm−2, 109 contrast, bad
off-axis parabola (20 % on target)

I 10 days, 32 shots
I chromatic confocal sensor, RCF

spectrometer, Thomson parabola
I solid hydrogen on plastic substrate
I pure solid deuterium
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Experimental setup on PHELIX.
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Experimental Campaign at PHELIX
Setup
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Experimental Campaign at PHELIX
Setup
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Solid Hydrogen on Plastic Substrate
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Solid Hydrogen on Plastic Substrate

laser

solid
hydrogen
2–100 µm

plastic
0.2 µm

solid
hydrogen
2–100 µm protons

RCF stack
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PRELIMINARY RESULTS
42 J/208 J @ 200 nm plastic +
two layers of solid hydrogen

(1) 9 MeV (2) 13 MeV (3) 17 MeV (4) 20 MeV (5) 25 MeV

(6) 28 MeV (7) 32 MeV (8) 37 MeV (9) 41 MeV (10) 45 MeV

October 2013 | TUD (IKP) | S. Bedacht | 14

PRELIM
INARY



PRELIMINARY RESULTS
42 J/208 J @ 200 nm plastic +
two layers of solid hydrogen (continued)

(11) 49 MeV (12) 52 MeV (13) 54 MeV (14) 57 MeV (15) 69 MeV
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Pure Solid Deuterium
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Pure Solid Deuterium

laser

solid
deuterium
10–100 µm deuterons

RCF stack
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PRELIMINARY RESULTS
32 J/160 J @ pure solid deuterium

(1) 9 MeV (2) 13 MeV (3) 17 MeV (4) 20 MeV (5) 25 MeV

(6) 28 MeV (7) 32 MeV (8) 37 MeV (9) 41 MeV (10) 45 MeV

October 2013 | TUD (IKP) | S. Bedacht | 17

PRELIM
INARY



Summary

Summary

I pure targets
I homogenous solid state density
I growing process takes 1–30 min
I target thickness adjustable (µm–cm)
I setup can be implemented at any target chamber
I targets can be made from arbitrary gases
I first experimenal campaign performed at PHELIX, GSI Darmstadt
I possible applications: proton fast ignition, oncology, secondary beams
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Outlook

Future Goals
I more precise online surface/topology characterization
I optimize target structure for higher particle energies
I accelerate protons/deuterons to energies greater than 100 MeV
I measure the energy loss of heavy-ion beams in a fully ionized plasma
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The End

Thank you for your attention!
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