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APPA: Matter under Extreme Conditions

4 FACILITY CAPABILITY SCIENTIFIC CAPABILITY N
Highest Charge States Extreme Static Fields
Relativistic Energies & Extreme Dynamical Fields and Ultrashort Pulses
High Intensities Very High Energy Densities and Pressures
High Charge at Low Velocity Large Energy Deposition

Plasma Physics

Atomic and Fundamental Physics
200 members from 11 countries 439 members from 26 countries
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ErUM-FSP TO5 — Current Funding
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ErUM-FSP APPA: 7.5 M€

SPARC, HED@FAIR (2021-2024)
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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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APPA Facilities in Operation (HED@FAIR and SPARC)

charge state —————————p

11 MeV/u

UNILAC —
"

PHELIX

FAIR

e APPA fully involved in FAIR Phase 0
° ESR, CRYRING, HITRAP are part of FAIR MSV

* PRIOR (proton microscope) and Heavy-lon
Heating setup (HIHEX) commissioned at HHT

400 MeV/u

Plasma Physics

 Worldwide unique experimental capabilities HITRAP

e Plasma physics with combined laser and ion beams CRYRING O“’ MeV/u
e Atomic physics in rings and traps 100 keV/u - 10 MeV/u

Atomic Physics

block diagram of relevant facilities
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A & A" Rated G-PAC Proposals for 2024 - 2025

FAIR

ID

G-22-00025
G-22-00028
G-22-00038
G-22-00047
G-22-00052
G-22-00057
G-22-00058
G-22-00086
G-22-00095
G-22-00134

G-22-00029
G-22-00037
G-22-00060
G-22-00068
G-22-00070
G-22-00072
G-22-00072
G-22-00075
G-22-00087
G-22-00093
G-22-00130
G-22-00140
G-22-00152
G-22-00159
G-22-00165
G-22-00172

Title

High-Resolution Electron-lon Collision Spectroscopy of Berylliumlike Heavy lons in CRYRING@ESR

Indirect measurements of neutron-induced reaction cross sections at storage rings

Dielectronic Recombination-assisted laser spectroscopy: A new tool to investigate the hyperfine-puzzle in Big+82+

Absolute rate coefficients from dielectronic recombination for the astrophysically relevant ions Ne3+ and S3*

Laser Excitation of the 22°Th Nucleus Using Nuclear Hyperfine Mixing

Nanostructuring of monolayer graphene by highly charged ions

lon beam and level population dynamics in Mg* laser spectroscopy at CRYRING@ESR

Ultra-high resolution study of the °0(a,a)!>0 reaction using CARME@CRYRING

Energy determination of the 1s2 2s,, - 1s? 2p, , radiative transition in Li-like uranium ions via resonant coherent excitation
Precision x-ray spectroscopy of helium-like uranium using metallic magnetic calorimeter detectors

SPARC research progam limited by availability of beamtime

X-ray spectroscopy of slow Xe>** + Xe collisions

Atomic Processes in the Wake of Neutron-Star Mergers: Electron-lon Recombination of Low-Charged Heavy lons
Proton-capture on °INb - A key to the explosive nucleosynthesis of the p nuclei

Towards testing three-loop effects of bound-state QED in heliumlike uranium

Dielectronic and trielectronic recombination in sulfur ions

Commissioning and First Storage Ring Experiments of the CRYRING Transverse Electron Target

Commissioning and First Storage Ring Experiments of the CRYRING Transverse Electron Target

Laser spectroscopy of the (1s2 2s2p) 3P, - 3P, level splitting in Be-like krypton

Astrophysical nuclear reactions between bare ions using FISIC+CARME

Influence of hyperfine interaction on the nuclear electron capture decay in 111Sn

Cooling and precision spectroscopy of 209Bi82* ion ensembles with the ARTEMIS and SPECTRAP experiments at the HITRAP facility

High-resolution measurement of the exotic Two-Electron One-Photon decay (TEOP) of the 1s 2s2 state in Li-like uranium.
Systematic measurement of electron capture cross sections in the unexplored low collision energy regime

Fast lon — Slow lon Collisions @ CRYRING: Exploring quantum dynamics of N-body systems

Heavy lon Storage Ring Experiments of Nuclear Excitation by Electron Capture (NEEC)

Exploring the limits of bunched beam laser cooling of relativistic stored ions, using 3 laser beams (pulsed and cw)

Facility Grade Shifts

ESR-CRYRING
ESR
ESR
CRYRING-intern
ESR
ESR-HITRAP
CRYRING-intern
CRYRING-intern
ESR-Cave A
ESR-CRYRING

ESR-CRYRING
CRYRING-intern
FRS-ESR
ESR
CRYRING-intern
ESR-CRYRING
CRYRING-intern
ESR
CRYRING-intern
FRS-ESR
ESR-HITRAP
ESR
ESR-CRYRING
ESR-CRYRING
ESR
ESR

A

>>>>»P>>>D>D>

45,0
36,5
41,5
54,0
48,5
45,0
51,0
36,0
35,5
32,0

389,5

36,0
46,0
44,5
38,0
21,0
27,0
54,0
27,0
18,0
20,5
63,0
24,0
45,0
71,0
27,5
39,5



A & A rated P-PAC Proposals for 2024 - 2025

FAIR

ID

P-22-00044
P-22-00048
P-22-00089
P-22-00125

P-22-00131

P-22-00135
P-22-00137

P-22-00035
P-22-00066
P-22-00106
P-22-00124

P-22-00144

Title

Semiconductor doping and annealing with intense ion pulses from laser-plasma acceleration
The enhanced TNSA boosted by the direct laser accelerated electrons
Particle acceleration in a laser-driven magnetized plasma

First compression experiments of carbon with SIS-18beams
Verification and calibration measurements of I-BEAT 3D V2.0 for measuring the energy distribution of laser accelerated protons
at the PHELIX facility

Investigation of the fountain field during ion acceleration by intense laser
Detection of ion-beam heating induced melting and graphitization by laser-driven x-ray probing

Time dependent focusing of laser driven proton beams in hemispherical-cone shaped target geometry
Non-linear Compton scattering from intense laser pulse interactions with expanding foil targets
Effect of Microstructural Heterogeneities on Material Damage and Failure

Polarization Measurements of Laser-Accelerated 3He lons from Polarized 3He-Gas Target (Continuation)
Understanding liquid-liquid phase transformations by temperature-dependent density and viscosity measurements at high
pressures using high energy proton microscopy

Facility
PHELIX-PTA
PHELIX-PTA
26
HHT-HIHEX

PHELIX-PTA

PHELIX-PTA
HHT-HIHEX

PHELIX-PTA
PHELIX-PTA
HHT-PRIOR
PHELIX-PTA

HHT-PRIOR

Grade Shifts

A

>>» »>» > > >

In addition, there are stand-alone PHELIX beam times which are called for on a yearly basis.

Beam time preparation and execution as well as the subsequent
data analysis require manpower and support by theory.

10
20
20
18

6

20
32

126

20
20

20



Experimental Setups at the CRYRING@ESR Electron Cooler

experimental equipment highly integrated into accelerator hardware

CRYRING electron cooler

- precise control of electron energy | .- | iesic Pa rticle

——— ™ Universitdt precision HV divider (10 accurac UNIVERSITAT
— NN StE T P ( V) G|ESSEN detector
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Electron-lon Collision Spectroscopy at the
CRYRING@ESR Electron Cooler
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S. Fuchs et al.
in preparation

Merged-beams kinematics: Extremely low collision energies are accessible with highest precision
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Experimental Setups at the CRYRING@ESR Electron Cooler

180° x-ray detector CRYRING electron cooler 0° x-ray detector

V'
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Photon Spectroscopy at the CRYRING@ESR Electron Cooler
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B. Zhu et al., Phys. Rev. A 105, 052804
\cuze)

Pb82+

particle
detector

1
\

Pb81+

|

x-ray detector

11



First high-resolution spectra for ground-state transitions
in the heaviest helium-like ion (U%°*)

Metallic magnetic microcalorimeter

X-ray photon
or particle

\ -

sSQuID
magnetometer

Weak thermal link

Thermal bath (T = 20-50
mK)

Microcalorimeter arrays for high-resolution X-ray
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spectroscopy (maXs)
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Philip Pfafflein et al., in preparation
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High-Precision X-ray Spectroscopy of He-like Uranium at the ESR

Moving ref. Moving ref.

Gas jet He-lieU N Li-li u B-like

RN

Crystal
support

Ge (220) X-ray
crystal reflection map

T
X-ray tube for

stationary
reference line

Twin Bragg

spectrometers

X-ray CCDs —
—

2048 x 2048 x 13,5 um pixels R. Loetzsch et al., Nature (accepted)
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Laser Spectroscopy of Highly Charged lons
at ESR, HITRAP and CRYRING

Laser spectroscopy at the ESR

208 Bi82+

Results from first laser spectroscopy of a

accelerator-produced isotope at a storage ring
Max Horst, Dissertation TU Darmstadt, Nov. 2023, publication in prep.

Beamtines: 22°Th (2024), 2°8Bi8%* (2026)

<75 TECHNISCHE JUSTUS-LIEBIG-

/HITRAP Commissioning

Ar16+

First electron cooling of HCI demons
Simon Rausch, Dissertation, in prep.
2 Beamtimes in 2024

~

t@

2@/~ UNIVERSITAT UNIVERSITAT = = Universitdt

DARMSTADT GIESSEN

Miinster

KRYRING, optical pumpin}

\

Quantitative understanding
of signal shape and laser-ion

interaction k. mohret al. (in prep.)
Beamtime ongoing ! /
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CRYRING@ESR Experiment Section

Electron Target
JUSTUS-LIEBIG-

T UNIVERSITAT
GIESSEN

RYRING “rray for "‘eaction
asurements
(low-energy nuclear reactions)

and associated ion detectors f| GasJet

and photon detectors
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HED Diagnostics for the HIHEX Experiment

Understanding the temperature evolution during ion- and laser-beam heating at HHT

X-Ray Diffraction

X-Ray Thomson Scattering

Laser driven X-Ray Diagnostics

JOHANN WOLFGANG 458 GOETHE
UNIVERSITAT
FRANKFURT AM MAIN

Multi-Channel Pyrometer

lon-Bunch Energy Acoustic Tracing (I-BEAT)

Universitat (i +)
Rostock ‘Uil
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HIHEX target chamber at HHT
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ErUM-FSP TO5: Priorities for 2024 - 2027

Use the still available FAIR Core-Invest (committed by

U Greifswald
U Rostock BMBF) for the completion of the instrumentation
U Lineburg (largest item: Laser cooling at SIS-100)
HU Berlin
U Miinster TU Braunschweig e (Carry out the research within FAIR Phase-0
UDuisburg Essen U cottingen (granted G/P-PAC beamtimes & supporting theory).
U Dusseldorf UKassel ) jena
O HZDR

UlJena

U GieRen/THM : . .
HS Rhein-Main oo oennt TusFreiberg o R&D for further advancing the technologies.

U Mainz FAIR / GSI
HIl Mainz TU Darmstadt

U Kaisers. HeidelbeUrgE;I?\;I\gleKn-NUrnberg e FSP-Activities: Outreach (JOO of FAIR & ErUM FSPs,
fautern http://fsp-appa.failr-center.eu),

U Stuttgart TU Miinchen

U Miinchen training of young researchers, scientific meetings.

SPARC & HED@FAIR applications for 2024-2027: 31 projects applied for (14 M€, 31 FTE)
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Website https://fsp-appa.fair-center.eu
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Next Annual Meeting of the ErUM-FSP APPA

18/19 January 2024
at GSI

https://indico.gsi.de/e/APPA FSP 2024

Thank you for your attention!
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