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Members
~120 scientists, 65 PhDs
• Atomic Physics
• Chemical Physics
• Combustion Physics
• Laboratory Astrophysics
• LU Medical Laser Centre
• Laser research at MAX IV

History
• Established at Lund University in 1995
• European Large-Scale Infrastructure since 1996
• Part of Laserlab-Europe since 2003
• Coordinating Laserlab-Europe 2012-2019
• Moving to the MAX IV/ESS site 2030?



Particle accelerators in Lund

Lund Laser Centre
Plasma acceleration

MAX IV Laboratory
3 GeV e- for X-rays

European Spallation Source
2 GeV p+ for neutrons

Science Village Scandinavia
Our future campus

Copenhagen Airport
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Electron acceleration and X-ray 
generation

Laser: 1 J, 35 fs, 1019 W/cm2 Plasma: 2 mm jet, H2 or He, 2–20･1018 e-/cm3

✓Compact

✓Ultrashort

✓ Tunable

Unique Qualities

J B Svensson et al, Nature Physics 17, 639–645 (2021)
O Lundh et al, Nature Physics 7, 219–222 (2011)



Shock injector improves beam 
quality and gives some control
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Epeak = 100 MeV

Qpeak = 10 pC

∆𝛳 = 6 mrad

∆E/E = 5% 

𝐸𝑎𝑐𝑐 = 150 GV/m
Cornelia

Gustafsson
Thesis



Applications
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High Energy Electron
Radiotherapy

Focusing electrons at depth mitigates 
lateral scattering

EMQ triplet

Dose distribution

Gasoline Direct Injector 
nozzle from a car 

engine
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Fig. 6: A volume rendering of the fly, performed in 3D Slicer.
The upper part of the fly is shown in a), while b) shows the
tarsus (leg) with two claws at the end. A section of the head
is shown in c) where it can be seen to hollow at places.

B. Phase retrieval and tomography

Applying the procedure for background correction described
in section II.D and calculating the projected thickness using
equation 4 on a sample of known thickness, the 100 µm
thick fishing line, showed good agreement. Figure 4 shows
the projected thickness of this fishing line. This thickness
varied some along the line but this is believed to be due to
the manufacturing process, possible even the process of tying
the knot, which may have deformed the wire some.

Figure 5 shows a PCI of the fly sample, along with
tomographic images (a-c), location of the cross-section is
indicated by a red dashed line. These were reconstructed by
averaging and aligning 5 shots over 180 angles, calculating
the projected thickness using Paganin’s algorithm, equation 4,
and performing the inverse Radon transform. Finally, a volume
rendering was created using the free open-source software 3D
slicer, shown in figure 6.

IV.DISCUSSION

The source size measurement showed an asymmetrical
source which was expected. The size is larger in the direction
of the polarization of the laser pulse, this has previously been
observed and is caused by the accelerating electrons interacting
with the tail of the laser pulse. The effect is reported to
decrease as the laser pulse is made shorter [16], thus, a shorter
pulsewould bepreferable to decrease thesource size, assuming
the photon flux does not decrease.

The tomographic reconstruction could be improved as paral-
lel beam geometry was assumed. This was not the case as the
beam is divergent (estimated to a few mrad). This would result
in a rhombusdistortion in thesinogram, introducing some error
in the reconstruction if not taken into account. The beam’s
divergence is still relatively small, hence the error will not be
significant, but the reconstruction would still be improved if
assuming a fan beam geometry.

It would be preferable to remove one of the beryllium win-
dows to increase the x-ray flux at the CCD, further improving

Fig. 7: Same volume rendering as figure 6, with a region of
interest only covering the head, presented in a larger scale.
Small bumbs are visible at the lower part of the neck, which
may be follicles, indicated by the red arrow. The profile of the
follicles are shown as an inset, indicating a hight of close to
10 µm and a width of approximately 30 µm.

the contrast. This is of greater importance in this case as the x-
ray energy is rather low, 500 µ of beryllium has a transmittance
of approximately 20 % for x-rays at 2.5 keV. The optimal
situation would be to have no window at all but this will leave
the chip exposed, which may prove too be a risk.

The final 3D volume rendering, figure 6, resolves details on
the 10 µm scale such as the follicles. Having smaller samples
would be possible but one might have to focus the x-rays to
increase the x-ray flux at the sample to limit the number of
shots required for a satisfactory image.

This technique is intriguing since it allows x-ray imaging
of small objects that generally have low absorption, along
with the possibility to fully 3D render the object. Adding
to this the short pulse duration of a LWFA which is on
the order of femtoseconds which would allow for temporally
resolved experiments. Systems exhibiting dynamics on this
timescale (such as chemical reactions or molecular vibrations)
are usually very small however, further stressing the need to
focus the x-ray beam.

It is clearly possible to use soft x-rays to do PB-PCI and
could even be advantageous as this increases the lateral spatial
coherence, which improves resolution, and it improves the
contrast. Comparing the final results in figure 6 to other works,
such as [7], hints at a better resolution in this paper. This is
a cautious proclamation as this might be due to the different
methods in 3D volume rendering and this setup also has close
to twice the magnification.

SNR could be further improved by introducing additional
filters and/or increasing the number of shots averaged. An
increase in the laser and gas injection repetition rate would
facilitate this. The calculated thickness depends strongly on
the ability to detect diffraction fringes, making the detector
resolution a crucial aspect of the setup [2]. To further improve,
a detector with larger pixel density would be mandatory.

X-ray imaging and 
tomography

Phase-contrast 
tomography



New multi-terawatt laser

Based on OPCPA

10 fs CEP stable

100 nm bandwidth @ 800 nm

1:1012 contrast ratio

Scheduled delivery: May 2023

Two arms operating simultaneously

• 5 TW;   50 mJ; 10 fs; 100 Hz

• 25 TW; 250 mJ; 10 fs; 10 Hz

Experimental stations:

• High-harmonic and attosecond generation

• Laser wakefield acceleration and X-ray generation



Project
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Short-pulse Laser-driven Injector

• Develop and test new laser-driven electron injector concepts

• Study the parameter range for matched acceleration using sub-10 fs laser pulses

• Demonstrate high repetition-rate acceleration at 100 Hz

• Explore spatio-temporal pulse shaping for control and optimization

C. Caizargues et al, Nature Photonics, 2020



Training
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Laboratory exercise in 
Laser Wakefield Acceleration

• Lund Laser Centre PhD course

• Laserlab Sweden PhD course in Experimental Laser Physics

• Lund University International MSc “Photonics”

• ERASMUS Lascala MSc “Large Scale Accelerators and Lasers”



Deliverables
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• Theory and simulation study that demonstrates how a parameter space 

to unlock pulse shaping and acceleration can be accessed (month 24)

• Consider parameters of the new laser (bandwidth, pulse duration and 

CEP stability)

• Explore methods to generate a flying focus 

• Experiments that show how spatio-temporal pulse shape can be tailored 

for optimum acceleration (month 45)

• Implement diagnostics for spatio-temporal couplings

• Develop a methods for tuning spatio-temporal couplings

• Explore acceleration with tailored pulses



Secondment at IST
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Secondment 
IST

2 months/year

Experiments Training Theory & simulationTheory




