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APPA: Matter under Extreme Conditions

Plasma Physics
200 members from 11 countries

Atomic and Fundamental Physics
419 members from 35 countries

APPA
White Paper
NIMB 365 (2015) 680

FACILITY CAPABILITY SCIENTIFIC CAPABILITY
Highest Charge States 
Relativistic Energies
High Intensities
High Charge at Low Velocity

Extreme Static Fields 
Extreme Dynamical Fields and Ultrashort Pulses
Very High Energy Densities and Pressures
Large Energy Deposition 

⇔
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BMFTR Funding of German University Groups

ErUM-FSP T05 –
„Aufbau von APPA bei FAIR“

not all universities applied for funding

U Rostock

U Greifswald

HU Berlin

TU Dresden

HZDRHI Jena
U Jena

U Lüneburg

TU Braunschweig

U Göttingen

U Kassel

U Gießen / THM

U Münster

U Duisburg-Essen

U Düsseldorf

U Erlangen-Nürnberg

TU München

U München

U Stuttgart

TU Kaisers-
lautern

U Frankfurt

TU Darmstadt
FAIR / GSI

MPIK
U Heidelberg

HS Rhein-Main
U Mainz
HI Mainz
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SPARC & HED@FAIR   (2024-2027)
11 projects funded   (31 asked for)

4.7 M€          (14 M€ asked for)

Heavily oversubscribed!



APPA Facilities in Operation (HED@FAIR and SPARC)

• Worldwide unique experimental capabilities
• Plasma physics with combined laser and ion beams
• Atomic physics in rings and traps

• APPA fully involved in FAIR Phase 0
• ESR, CRYRING, HITRAP are part of FAIR MSV
• PRIOR (proton microscope) and Heavy-Ion         

Heating setup (HIHEX) commissioned at HHT

• APPA continuously further develops its 
instrumentation towards FS and beyond

block diagram of relevant facilities 
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Scientific Highlights 2025
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precision spectroscopy of
slow highly charged ions

testing QED in strong fields



Experimental Setups at the CRYRING@ESR Electron Cooler

CRYRING electron cooler providing ultra-cold electrons
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superconducting magnet

precision HV divider (10-6 accuracy) particle
detectorprecise control of

electron energy

experimental equipment highly integrated into accelerator hardware C. Brandau et al., Chin. Phys. C 49, 064001 (2025)

A. Koutsostathis et al., HPNS Adv. Nucl. Phys. 31 (2025) 86 



Highlight: Testing 2nd Order QED in a Highly Correlated Atomic
System – Electron-Ion Collision Spectroscopy at CRYRING@ESR

Merged-beams kinematics: Extremely low collision energies are accessible with highest precision

Decelerated Be-like Pb78+ ions from the ESR
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Record low experimental uncertainty 
thanks to the ultra-cold electron beam

S. Schippers et al., 
PRL 135, 113001 (2025)

S. Fritzsche et al., 
EPJD 79, 22 (2025)

2s2 → 2s2p3P1 excitation energy
Experiment: 244.937(30) eV
Theory:         244.942(52) eV

Jena Atomic Calculator (JAC)



Highlight: High-Resolution Spectra of X-Ray Transitions in the 
Heaviest Heliumlike Ion (U90+) from CRYRING@ESR
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Metallic magnetic microcalorimeter

Microcalorimeter arrays for high-resolution X-ray
spectroscopy (maXs)

X-ray photon
or particle

Weak thermal link

Thermal bath (T = 20-50 
mK)

Sensor
SQUID 
magnetometer

P. Pfäfflein et al., PRL 134, 153001 (2025)

90-eV spectral resolution @100 keV!

Combination of
high spectral
resolution and 
broad bandwidth
offers unique
possibilities.



Commissioning of the CRYRING Electron Target
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gas jet CARME setup

CRYRING experimental section

Electron Target and associated ion and
photon detectors

Commissioning beamtime G-22-
00072 with a Au75+ ion beam in 
March 2025

Photons from the
electron-ion

interaction region

data analysis in progress …



Remotely controllable 
adjustment stage

Slit unit

Position-sensitive 
EUV detection 

Position-sensitive 
VUV detection 

Pumping unit

System set up for photon detection between 40 – 350 nm Photon detection between 40 – 350 nm
Beamtime G-22-00199: Target 
electron correlations in 5 MeV/u 
Ne7+ collisions with Kr and Xe

Results:
1. Luminescence flux from 

ionized species detectable 
2. Low resolution due to 

non-optimum position of 
the grating with respect 
to the interaction volume

To Dos:
1. Spectrometer position 

change such that interaction 
volume is in focus.

2. Improve slit unit
3. Modify remotely controlled 

adjustment stage
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First Demonstration of Dielectronic-Recombination
Assisted Laser Spectroscopy (DRALS)

Production of 208Bi81+ (He-like, radioactive) → Accumulation → Charge Breeding
208Bi80+ → q/m-Separation → Laser Excitation → DR → Ion Detection

208Bi80+
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Beamtime G-22-00038



HITRAP: First Experiment with Decelerated High-Z Ions
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Beamtime G-22-00057 : Nanostructuring of monolayer graphene using slow heavy ions at high charge states 



Photograph: GSI Helmholtzzentrum für Schwerionenforschung, D. Fehrenz

ions cw + pulsed lasers
(UV, VIS)

GSI

Laser Cooling Facility at SIS-100
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soft x-ray
source

1.6 μm Al
filter foil

MCP grating entrance 
slit

baffles

detection of XUV & soft X-ray fluorescence

Laser systems:

short-pulse

long-pulse

continuous



Experiment P-22-00125 (PI Prof Dr Vincent 
Bagnoud, GSI, June-July 2025) at HHT:
Successful test of pyrometer

Cu foil, shot #533

Test of the thermoreflectometry technique with 
a reflected laser signal and a bifurcated fiber.

Reflectivity measurements with 
supercontinuum laser SCKB2/M.

Modification of the light collection 
system.

For reflectometry, some channels are used for the laser reflection signal. Additional information about the reflectivity of the surface at different wavelengths can 
be used to estimate the emissivity at these wavelengths and in the whole spectrum, improving the accuracy and reliability of the temperature measurements.

Ultraschnelle Pyrometrie
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Novel Research Opportunities based on
Sophisticated and Versatile Instrumentation

SPARC/APPA: Besides its facilities, instrumentation is of utmost importance. Already the large portfolio of novel FAIR 
instrumentation guarantees for a rich science research program at the existing  facilities HITRAP, CRYRING@ESR, and ESR. 

Continuous R&D is required for keeping the instrumentation at the cutting edge.
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Website https://fsp-appa.fair-center.eu
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Next Annual Meeting of the ErUM-FSP APPA

22/23 January 2026 https://indico.gsi.de/e/APPA_FSP_2026
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at GSI

Thank you for your attention!

Participants of 2025 meeting (Photograph: Lea Wunderlich)

https://indico.gsi.de/e/APPA_FSP_2025
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