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JuSPARC
= Jülich Short-pulsed Particle and Radiation Center
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THE BASIC IDEA: “THE EXPERIMENT DEFINES THE FACILITY”
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Conventional approachJuSPARC



JuSPARC-0: LASER SYSTEM (SINCE 2010)
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Pulse energy 2 mJ
Pulse duration 35 fs

Repetition rate 3 kHz

cf. talk by Roman Adam



JuSPARC-1: SOFT X-RAY MAGNETO OPTICS
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Pulse energy 2 mJ → 40 mJ
Pulse duration ≤30 fs
Repetition rate 1 kHz

cf. talk by Roman Adam



JuSPARC-1: LASER PERFORMANCE

Pulse duration 29 fs

Acceptance Test Report, 28/11/2018
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JuSPARC-1: LASER PERFORMANCE

Energy stability (over 500 shots) ≤ 1% rms

Acceptance Test Report, 28/11/2018
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JuSPARC-1: LASER PERFORMANCE

Contrast ratio
(Specified: 106:1 at 100ps / 105:1 at 10ps / 104:1 at 5ps

Measured: 1 order of magnitude better)

Acceptance Test Report, 28/11/2018
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JuSPARC-1: LASER PERFORMANCE

Beam profile
(M2 = 1.76)

Acceptance Test Report, 28/11/2018
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“THE EXPERIMENT DEFINES THE FACILITY”
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“Photon in / Electron out”“Photon in / Photon out”

☞ Highest possible pulse energy 
at maximum repetition rate

☞ Smaller pulse energy at even 
higher repetition rate



JuSPARC-1: MOMENTUM MICROSCOPY
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Pulse energy 0,05 mJ
Pulse duration 100 fs

Repetition rate 10 MHz

cf. talk by Christian Tusche

Status (25/03/2019): 

Laser & amplifier in operation (approx. 600 W av. output power). 

Colleagues from ILT set up compressor (→ pulse duration <100fs)



KICK-OFF: JAN. 24, 2019
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25.01.19, 08*29

Forschungszentrum: Jülich hat jetzt den Super-Laser
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https://www.aachener-nachrichten.de/lokales/juelich/forschungszentrum-juelich-hat-jetzt-den-super-laser_aid-35856781

Neues Laser-Labor am FZJ eingeweiht

Jülich hat jetzt den Super-Laser

24. JANUAR 2019 UM 16:37 UHR | Lesedauer: 3 Minuten

JÜLICH.  „Wenn man einen Physiker ein Spielzeug gibt, dann denkt der schon bald über

das nächstgrößere nach“, sagte am Donnerstag Prof. Markus Büscher vom Peter

Grünberg-Institut (PGI) am Forschungszentrum Jülich (FZJ). Er musste grinsen, als er das

sagte an dem Tag, an dem das gut acht Millionen teure Laserlabor vorgestellt wurde, ein

ziemlich großes Spielzeug.

Ganz ernst gemeint hat Büscher seine Aussage mit dem Spielzeug nicht. Denn erstens

sind die Forscher mehr als zufrieden mit dem neuen Labor, das ihnen neue

Möglichkeiten der Materialforschung eröffnet. Und zweitens ist das neue Labor ein

ziemlich großes Spielzeug – wenn man bei diesem etwas flapsig gewählten Begriff

bleiben will –, auf das die Forscher rund zehn Jahre hingearbeitet haben. „Als der 40-

Tonner mit den Bauteilen vorgefahren ist und wir auf die Ladefläche geschaut haben,

 Lokales  /  Jülich

Die Hygienevorschriften sind streng: Das neue Laserlabor des Forschungszentrums ist in

einem sogenannten Reinraum installiert.
Foto: ZVA/Guido Jansen

VON GUIDO JANSEN



WHAT‘S NEXT ... ?
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Donald Trump und Kim Jong Un, Hanoi, Feb. 28, 2019

LET‘S ORGANIZE A WORKSHOP ...
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“We both felt very good about having this summit in Vietnam because
you really are an example of what can happen with good thinking.”



TOWARDS JuSPARC-2
Increase peak power at while maintaining high repetition rate
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TOWARDS JuSPARC-2
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Typical peak 
power

1 TW

100 TW

1 PW

10 PW

Secondary 
Particles

Photons (XUV), electrons (?)

Protons (MeV)

Protons, ions (10 MeV)

Protons (GeV)

10 TW Electrons



ATHENA
„Accelerator Technology Helmholtz Infrastructure“

M.Büscher | 28 March 2019 | 17



ATHENA  
HGF R&D platform for accelerator technology (2018 – 21)
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TOWARDS JuSPARC-2: ELECTRON ACCELERATION
Optimization of injection into a plasma wake cavity 
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TANDEM-PULSE ELECTRON ACCELERATION
2d PIC simulations with EPOCH on JURECA

Zahra Chitgar et al., subm. to Plasma Physics and Controlled Fusion

Single pulse Double pulse
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TANDEM-PULSE ELECTRON ACCELERATION
Increased acceleration efficiency (simulation)

Zahra Chitgar et al., subm. to Plasma Physics and Controlled Fusion

Pulse energy 3.4 J

Pulse length 20 fs

Focal spot 10 µm

Target He gas

Target density 1.9 ⋅ 1017 cm– 3

Single pulse Double pulse
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TANDEM-PULSE ELECTRON ACCELERATION
Increased X-ray flux (simulation)
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Zahra Chitgar et al., subm. to Plasma Physics and Controlled Fusion

Pulse energy 2 J

Pulse length 20 fs

Focal spot 10 µm

Target He gas

Target density 9.2 ⋅ 1017 cm– 3

Delay = 78 fs, E2 = 2 E1
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electron trajectories



TANDEM-PULSE ELECTRON ACCELERATION
Ongoing experiment @IPP/Prague
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Total pulse energy 300 mJ

Pulse length 25, 40 fs

Pulse delay 40 – 150 fs

Intensity 3 ⋅ 1018 W/cm2

Target He gas jet



TOWARDS JuSPARC-2: TARGET DEVELOPMENTS
Injection of as electron bunches from nm-sized solid targets into a wake field (EPOCH simulations)
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2D 3D



TOWARDS JuSPARC-2: TARGET DEVELOPMENTS
Injection of as electron bunches from nm-sized solid targets into a wake field (EPOCH simulations)
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Pulse energy 40 mJ

Pulse duration 25 fs

Focus ∅ 10 µm

Wavelength 1 µm

Rep. Rate 1 kHz

Cluster material SiO2

Cluster size 100 nm

Gas density (H2) 3⋅1019 cm-3 Electron energy

≈ 30MeV

Electrons from

background gas*)

cluster

*)no self-injection!

) ∼ 0.06 - mmmrad (90%, 0.2 pC)



TOWARDS JuSPARC-2: TARGET DEVELOPMENTS
Circular electron trajectories after out-of-plane injection
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Development of Cluster Targets

Trapping & control of cluster position
Penning/optical trap for SiO2 cluster

(Ph.D. work A.Sobotta @FZJ)

First tests @3 kHz/2 mJ laser: April 2019
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Development of Cryogenic Cluster Targets

arXiv:1810.13371v1 [physics.plasm-ph] 31 Oct 2018
Accepted for publication in Rev. Sci. Instrum.

Nm-sized cryogenic hydrogen clusters
(built by WWU Münster / operated at HHU Düsseldorf)
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ATHENA
HGF R&D platform for accelerator technology (2018 – 21)
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Collaboration with: HHU Düsseldorf, SIOM Shanghai

THEORY OF POLARIZED BEAMS
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To be subm. to Phys. Rev. Accel. Beams

T-BMT

ST

SG



Collaboration with: HHU Düsseldorf, SIOM Shanghai, Univ. Crete

POLARIZED ELECTRON BEAMS
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Subm. to Nature Commum.



Collaboration with: HHU Düsseldorf, SIOM Shanghai, Univ. Crete

POLARIZED PROTON BEAMS
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10 PW LASER SULF SHANGHAI
First experiments on Proton acceleration: May 2019 (@5 PW)

M.Büscher | 24. Januar 2019 | 33



… for electron, proton and ion acceleration

POLARIZED TARGETS …
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• Hyperpolarized 3He gas-jet („static“ polarization)

First experiments @Phelix in 2019

• Nuclear polarized H atoms from HCl jet („dynamic“ polarization)

Commissioning @SIOM in 2020 (Ph.D. A.Hützen, C.Kannis)

• Polarized molecular Hydrogen gas target
• Polarized solid HD and D2 Target
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“Now! ... That should clear up a 
few things around here!“


