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Target  Laboratory

improving the quality of the Solid targets made of different materials and textures

Eli-Beamlines 
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Target  laboratory devices

The target laboratory is currently equipped with the following devices:

1. Microscope (Hirox 2000) ï digital microscope is used for the surface analysis, contactless inspection of 
any samples from 0.1x up to 10,000x

Eli-Beamlines 
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Target  laboratory devices

2. Sputter Coater (Quorum Q300TT Plus) ς turbo-pumped coating system suited for sputtering a single 
large diameter specimen up to 200mm ς for thin applications and SEM/FE-SEM. 

The system can coater a range of oxidizing and non-oxidizing metals for thin film application.

The Sputter Coater is fitted with a chromium (Cr) sputter targets. 
Materials we also have for covering substrates: Au, Pd, Pt, Mo, W, Ti, Ta, Ni, Nb, Ag, Cu, Cr, Al, Zn, Co, Fe

Eli-Beamlines 
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Target  laboratory devices

3. Glow box (TMAXCN)
4. Fume extractor(Nederman)
5. Micrometric Scales (AND)
6. Ultrasonic cleanser (ULTRAZVUK) 
7. Hot plates (P-Lab, DLAB)
8. Other aids

Eli-Beamlines 
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Other  laboratories devices

1. Spin Coater (WS-650mZ-8NPPB, 
Laurell) - The Spin Processor Quotation 
works with solid NPP Co-Polymer, 
substrate size is max 200 mm samples 
diameter, thickness is 0.1 ς 1.0 mm, 
Chemistry we can use: Photoresist or 
polymers or other coating materials / 
Resist, Spin On Glass, HMDS or other 
adhesion promoter, Polydimethylsiloxane. 

Eli-Beamlines 

liquid

Drop of the liquid

Substrate
Spin coating utilizes centrifugal forces to 
deposit the required material on the substrate.
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Other  laboratories devices

Eli-Beamlines 

2. Microscopy

Å Fluorescence microscope (Zeiss Axiolmager Z2)

Å Inverted microscope (Zeiss AxioObserver)

ÅHigh-end polarizing stereomicroscope (Zeiss Discovery V-20)

Å Environmental scanning electron microscope

ÅOlympus ODL5000 3D measuring laser microscope - The microscope has several objectives for 
magnification, differential interference contrast and laser scanning capabilities. This microscope is 
used for the surface analysis: laser induced damage sites, coatings contaminations, gratings analysis 
etc.

Å Scanning electron microscope (Thermo Scientific, Quattro S)
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Other  laboratories devices

Eli-Beamlines 

3. Nanoparticle tracking analyzer (Malvern Nanosight) - CharacterizingNano- and Biomaterials

4. Crystallization

5. Centrifuges
ÅLarge volume ς HIMAC CR22N (4l up yo 15 300g)
ÅUltra ς Beckman Coulter Optima X-PN80 (up tp 210 000g)
ÅBenchtop ς Medium volume (15ml) ς Hermle Z 326 K
ÅMicroliter x2 ς Hermle Z216 M

6. 3D printer(Stratasys)
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Eli-Beamlines  Targets

ÅThick 
ÅThin 
ÅUltra-thin
ÅMicro-nano structured
ÅFoil
ÅTape
ÅMultilayer-multi component
ÅFoam
ÅCryogenic

ÅSheet jet
ÅWire-guided jet
ÅColliding jet
ÅColumn jet
ÅCryogenic liquid target

ÅGas cell 
ÅDischarge in Capillary

Eli-Beamlines 

Solid Liquid Gas
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Solid Targets

Target type: Thick targets, Thin targets, Ultra-thin, Micro-nano structured

Target Laboratory Eli -Beamlines 

Fig. 1. Plastic substrate with metal layer  Fig 2. Plastic substrate with Al foil Fig 3. Plastic substrate with different 
ƳŀǘŜǊƛŀƭǎ άtƛȊȊŀέ ǘŀǊƎŜǘ
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Solid Targets

Target Laboratory Eli -Beamlines 

Fig 4. Cu coil part of the target  Fig 5. Cu coil targets 
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Solid Targets

Target type: Foil, Multilayer, Micro-nano structured

Target Laboratory Eli -Beamlines 

Fig 6. Silicon substrates with foil Fig 7. Plastic substrate with foil and 
nanospheres

Substrate + 
foil

Substrate + foil +
Nano spheres

Substrate +
Nano spheres
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Solid Targets

Target Laboratory Eli -Beamlines 
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Foil  Targets

Target Laboratory Eli -Beamlines 

ÅPolyester film (PET) with 
the different thicknesses: 
900nm-50um

ÅPolyester film (PET) was 
covered 30nm Al layer by 
Sputter Coater 

900nm Polyester film is covered 
30 nm of Al layer
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Low density targets

Contact person from ELI-Beamlines: Stefan Andreas Weber  
(stefan.weber@eli-beams.eu)

Department of Plasma Physics and High Intensity Interaction

ÅLow density solid targets have to be inhomogeneous/porous - they have to contain spaces inside

ÅVarious structures are possible - closed, semi-closed, open cells, (foil and fiber-like structures)

ÅGenerally small pores are required, sub- m˃ scale

Å[ƻǿŜǊ ŘŜƴǎƛǘȅ Ҧ ƭŀǊƎŜǊ ǇƻǊŜǎ

ÅPolyacrylates ς TMPTA C15H20O6 by W. Nazarov

ÅProprietary UV-curable photoresists for AM 

manufacturing

ÅTargets may be doped with higher Z elements, 

either homogeneous dispersion or clusters

Parameters of various low density materials
K. Nagai et al., Phys. Plasmas 25 (2018) 030501 
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Contact person from ELI-Beamlines: Stefan Andreas Weber  
(stefan.weber@eli-beams.eu)

Department of Plasma Physics and High Intensity Interaction

ÅAdvantages

Å Full control over the structure/geometry

Å Wide range of target designs

Å Structural stability

ÅVarious low density (~8.5 mg/cm3) targets designed 
and tested for stiffness and stress

ÅBeam periodic octet truss selected for printing and first 
experiments 

ÅCylindrical shape (1000 ˃ m diameter, 600 ˃m depth) with a 
supporting but hollow frame

Beam periodic

Beam stochastic

TMPS

3D Additive Manufactured Targets

in collaboration with Institute of Photonics and Electronics, Prague.
results submitted to Journal of Applied Physics

with T. Wiste, O. Maliuk, K. Chadt
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Nano -scale 3D printer

Contact person from ELI-Beamlines: Stefan Andreas Weber  
(stefan.weber@eli-beams.eu)

Department of Plasma Physics and High Intensity Interaction

ÅNanoscribe Photonic Professional GT2

ÅTwo-Photon Polymerization Laser Lithography (2-PP LL) 

Å IP-Dip2 resin (Nanoscribe GmbH)

Å63x objective (NA 1.4, Carl Zeiss) ς corresponding to approx. 
200 x 200 x 600 nm3 άŜƭƭƛǇǎƻƛŘŀƭέ ōǳƛƭŘƛƴƎ ōƭƻŎƪǎ

ÅDip-in-Laser Lithography (DiLL) mode

ÅBlock sizes were cubes with a side of 100 ˃Ƴ with offset of 2 
˃Ƴ in the horizontal plane and 3 ˃Ƴ in the vertical direction.

Å25 mW power (50% of nominal) to avoid overexposure

In collaboration with Institute of Photonics and Electronics, Prague

O. Maliuk
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Printing targets 

Department of Plasma Physics and High Intensity Interaction

ÅGaining printing know-how was the most 
demanding part of the fabrication 
process

Åcomplemented by optimization of 
ǎǘǊǳŎǘǳǊŜ όŦƛƭƭŜǘǎΣ ŦǊŀƳŜǎΣ Χύ

ÅThe targets had to be directly printed on 
an 8 ˃ m thick copper foil for 
experimental purposes.

Å Risk of resin overexposure (mitigated by printing 
on the less finished and more light-diffusive side 
of the foil, lower power)

ÅPrint was developed in Propylene glycol 
methyl ether acetate (PGMEA, 30 min) 
then washed in IPA (60 min).

ÅDry structures cured via UV-light (2 min).

O. Maliuk
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Tape targets

Contact person from ELI-Beamlines: Stefan Andreas Weber  
(stefan.weber@eli-beams.eu)

Department of Plasma Physics and High Intensity Interaction

ÅAn in-house developed tape target systems allows to shoot for several 
hours without the need to break the vacuum

ÅA stepper motor pulls the tape from the magazine,

Åwhile tape tension is controlled by a magnetic brake.

ÅA basic tension shaft, before an upgrade

ÅTested up to 7 cm/s in real shooting conditions

ÅThe system can be used in both single shot and burst modes

ÅIn single shot mode, the stepper motor keeps tension on the target 
through its holding torque.
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Tape targets

Department of Plasma Physics and High Intensity Interaction

ÅCommissioned at HAPLS (ELI BL)

Å450 TW, 3.3 Hz or single shots, (12 J, 27 ns) @ 810 nm

ÅShort focal length 75 cm, FWHM of the FS 5 m˃

ÅThe below numbers correspond to status before HAPLS and Tape 
Target upgrades

ÅKh  yield stability 6.6 % (25 ˃ m Fe), 10.6 % (7.6 ˃ m Cu)

ÅEMP stability of 3.3 % (Fe), 4.7 % (Cu)

ÅHandy tool to see also slow variations in laser-plasma stab.

ÅTape stability also measured directly with a microscope

ÅRMS of 8.6 ˃m for 15 ˃ m Fe (before brake upgrade)

ÅSignificant improvement after the magnetic brake upgrade ς 
RMS is never worse than ~4 m˃, even for a narrow and thin 
copper tape
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Eli-Beamlines  Targets

ÅThick 
ÅThin 
ÅUltra-thin
ÅMicro-nano structured
ÅFoil
ÅTape
ÅMultilayer-multi component
ÅFoam
ÅCryogenic

ÅSheet jet
ÅWire-guided jet
ÅColliding jet
ÅColumn jet
ÅCryogenic liquid target

ÅGas cell 
ÅDischarge in Capillary

Eli-Beamlines 

Solid Liquid Gas
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Liquid target kHz operation

Planar water target

On-Chip colliding microfluidic nozzle

Water flow rate 2.2-3.5 mL/min

Target thickness 5-40um

Vacuum level ~10-3 mbar

Laser repetition rate 1 kHz

Cylindrical water target

Capillary diameter 25 or 50 um

Water flow rate 1-1.5 mL/min 

Fluid velocity 8-13 m/s with Re 400-650

High Vacuum ~10-4 mbar (using catcher and LN2 trap)

Up to 1 kHz laser rep. rate

N. Gamaiunova et al. (SPIE, 2023), 12579, p39 (2023)

Contact person from ELI-Beamlines: Timofej Chagovets 
timofej.chagovets@eli-beams.eu

Department of Ion Acceleration and Application of High Energy Particles
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Cryogenic liquid targets
Cryogenic system:

ÅHe free cryostat (0.5W at 4.2K)
ÅPortable system
ÅVarious cryogenic gases(He,H2,N2 - nitrogen ,Ar,Xe)

ÅContinious target production
ÅDifferent target thickness (nozzle aperture) 
ÅVariable jet velocity
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Contact person from ELI-Beamlines: Timofej Chagovets 
timofej.chagovets@eli-beams.eu

Department of Ion Acceleration and Application of High Energy Particles

R&D Project 2024
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Cryogenic liquid targets
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Contact person from ELI-Beamlines: Timofej Chagovets 
timofej.chagovets@eli-beams.eu

Department of Ion Acceleration and Application of High Energy Particles

R&D Project 2024

Å
 1

0
u
m

 N
2
 j
e
t



Date: Page:Date: Page:14-Nov-23 26

Wire -Guided Jet

Department of Structural Dynamics

Å developed by Alessandra Picchiotti at CFEL pre-2015
developed for laser spectroscopy of small volumes of biological samples 
(100s µm thin path requirement) at 1 kHz repetition rate
flow rate 0.1 - 0.35 mL/min Ą 
flow speed 0.3 - 0.5 m/s 
closed loop system

Å further developed by M.P. and Petr Kahan at ELI Beamlines
improved the pressure damping system to allow for a more reliable 
combination with peristaltic pumps (cons: uses more volume, more 
pulsation)
currently build by SLA 3D printing which enabled rapid prototyping
several ongoing directions of wire treatment studies Contact person from ELI-Beamlines: Martin Precek

martin.precek@eli-beams.eu

Å cylindrical jet of 750 micron diam. 
Å 2-mm path flat flow cell (with Kapton windows)
Å microliter-stirred cylindrical cell
Å flat sheet wire-guided jet (WGJ) with
          ~150 to 300 micron thickness
Å a colliding jet system based on a microfluidic chip
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Colliding jet

Department of Structural Dynamics

Åbased on the secondary mode use of the chip originally 
designed by Jake Koralek at SLAC for gas-formed nanometer 
jet

Åsheet is formed by using the gas channels 

Contact person from ELI-Beamlines: Martin Precek
martin.precek@eli-beams.eu

gas (He)
liquidliquid

nozzle
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Colliding jet

Department of Structural Dynamics

άƴŜǿέ Micronit άƻƭŘέ {[!/ ϧ Micronit (pre-2018)
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Eli-Beamlines  Targets

ÅThick 
ÅThin 
ÅUltra-thin
ÅMicro-nano structured
ÅFoil
ÅTape
ÅMultilayer-multi component
ÅFoam
ÅCryogenic

ÅSheet jet
ÅWire-guided jet
ÅColliding jet
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ÅCryogenic liquid target

ÅGas cell 
ÅDischarge in Capillary

Eli-Beamlines 

Solid Liquid Gas
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Gas cell targets

Department of Radiation Physics and Electron Acceleration

Contact person from ELI-Beamlines: Sebastian Lorenz
sebastian.lorenz@eli-beams.eu

Demands for 
the density 

profile

ωFrom theoretical models 
and PIC simulation 
predictions

3D geometry 
design

ωComputational fluid dynamics 
simulations

Prototyping
ωPrecise

manufacturing 
technology (EDM)

Benchmarki
ng and 

verification

ωInterferomet
ric
measuremen
t
ωTomographic

reconstructio
nBeamline 

integration

Full target development process if gas target for Laser Wakefield Electron Acceleration
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Gas targets ï Simulation tools

Department of Radiation Physics and Electron Acceleration

Continuum Fluid Dynamics*
-> Suitable for majority of LWFA gas target geometries
ÅContinuum approach ς Knudsen number ὑὲ ϳ πȢρ
ÅNavier-Stokes Equations(NS) + conservation of energy
ÅTurbulence modelling ς k-omega SST model

Rarefied Gas Dynamics
-> Supersonic micro-nozzles with throat < 50 um
-> Residual gas flow inside vacuum chamber
-> Enrichment of heavier species of gas mixturesin supersonic nozzles

ÅMolecular dynamics approach ς Knudsen number ὑὲ πȢρ
ÅDirect Simulation Monte Carlo method (DSMC)
Åprobabilistic Monte Carlo simulation to solve non-linear Boltzmann equation
ÅStochastic collision model on a mesh grid

ÅHigh-perfomance computing capabilities
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Gas cell targets 

Department of Radiation Physics and Electron Acceleration

Axisymmetric micro-nozzles for TW-class 1 kHz laser system (L1)
ÅExhaust diameter 300-1500 um
Å<5 um manufacturing accuracy in the divergent part of the 

nozzle
ÅImplementation in ALFA beamline -> received up to 50 MeV 

electron beams at kHz repetition rate [** ]

Slit supersonic nozzlesfor PW-class 10 Hz laser system (L3)
ÅDesigned for PW LWFA experiments
ÅFlat-top density profile for lengths 4-30 mm
ÅImplementation in ELBA beamline[*** ]

[** ] C. M. Lazzarini et. al., arXiv: 2302.11415 (2023)
[*** ] C. M. Lazzarini et. al., Int. J. Mod. Phys. A 34, 1943010 (2019)

100 um

300 um
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Gas cell targets

Department of Radiation Physics and Electron Acceleration

Dual-stage target for long acceleration lengths with low gas load
ÅHigh repetition rates and demand for sability -> towards continuous flow operation
ÅNew target design -> combination of supersonic nozzle and gas cell embedded into one 

compact body
ÅBenefits from the properties of supersonic gas flow while keeping low gas load as gas cell
ÅHigh versatility:
ÅDensity drop injection
ÅIonisation injection
ÅX-ray generation schemes and others...

Nitrogen gas
Nozzle inlet pressure 10 bar
Cell inlet pressure 0.05 bar

G
a

s

Easy scalability of the 
plateau length
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Gas targets
Discharge in Capillary

Department of Radiation Physics and Electron Acceleration
LUIS Beamline

Purpose: Laser guiding for LPA. Active plasma lens
Goal: High Quality Rep. Rate electron beam for LPA-based FEL (Eu PRAXIA)

Contact person from ELI-Beamlines: Alexander Molodozhentsev
alexander.molodozhentsev@eli-beams.eu

Capillary length: 10 ð 70 mm

Cross -sections: 250 ð 500 ‘ά 
H2  gas flow: up to 500 sccm
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Department of Radiation Physics and Electron Acceleration
LUIS Beamline

Contact person from ELI-Beamlines: Alexander Molodozhentsev
alexander.molodozhentsev@eli-beams.eu

Capillary length: 10 ð 70 mm

Cross -sections: 250 ð 500 ‘ά 
H2  gas flow: up to 500 sccm

Purpose: Laser guiding for LPA. Active plasma lens
Goal: High Quality Rep. Rate electron beam for LPA-based FEL (Eu PRAXIA)

Gas targets
Discharge in Capillary
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Gas targets
Discharge in Capillary

Department of Radiation Physics and Electron Acceleration
LUIS Beamline

Fig. Plasma density profile along the capillary axis at different time 

with hydrogen gas flow of 50 sccm through both channels

Fig. Plasma density profile along the capillary axis at different time 

with hydrogen gas flow of 100 sccm through both channels



Thank you
for your attention!
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