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AA!PA APPA: Matter under Extreme Conditions  F4|R
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Contents lists available at ScienceDirect =
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Nuclear Instruments and Methods in Physics Research B | !
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Wh Ite Pa pe r APPA at FAIR: From fundamental to applied research @ T no £
N I M B 365 (2015) 680 Th. Stehlker *P<* V. _Bagnoud 2P K. Blaum¥, A. Blazevic?, A. Briuning-Demian*¢, M. Durante?, ln FS

E. Herfurth?, M. Lestinsky?, Y. Litvinov?, S. Neff*', R. Pleskac?, R. Schuch?®, S. Schippers ", D. Severin?,
A. Tauschwitz?, C. Trautmann®', D. Varentsov?, E. Widmann', on behalf of the APPA Collaborations

journal homepage: www.elsevier.com/locate/nimb

Stefan Schippers for the APPA Collaborations, KHuK Annual Meeting, Bad Honnef, 12 December 2025



AFPA

ErUM-FSP T05

BMFTR Funding of German University Groups
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not all universities applied for funding

ErUM-FSP TO5 —
,Aufbau von APPA bei FAIR"

With funding from the:

% Federal Ministry
4y of Research, Technology
and Space

SPARC & HED@FAIR (2024-2027)
11 projects funded (31 asked for)

4.7 M€ (14 M£ asked for)

Heavily oversubscribed!
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AFPA  APPA Facilities in Operation (HED@FAIR and SPARC) F4|R

ErUM-FSP T05

charge state ———————————p

11 MeV/u

UNILAC  w)

* Worldwide unique experimental capabilities
* Plasma physics with combined laser and ion beams

* Atomic physics in rings and traps

400 MeV/u

FRS

PHELIX

* APPA fully involved in FAIR Phase 0

* ESR, CRYRING, HITRAP are part of FAIR MSV

HITRAP
* PRIOR (proton microscope) and Heavy-lon

Heating setup (HIHEX) commissioned at HHT CRYRING Om Mev/y
100 keV/u - 10 MeV/u

Plasma Physics

* APPA continuously further develops its Atomic Physics

instrumentation towards FS and beyond
block diagram of relevant facilities
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AFPA Scientific Highlights 2025 FAIR

ErUM-FSP T05

PHYSICAL REVIEW LETTERS 135, 113001 (2025) \/
spare CRYRING ESR

Testing Strong-Field QED to Second Order in the Highly Correlated Atomic System
Berylliumlike Pb78* by Electron-Ion Collision Spectroscopy

S. Schippers®,"” €. Brandau®,"” §. Fuchs®,"” M. Lestinsky®,” $. X. Wang®,"” C. Y. Zhang®," N.R. Badnell,*
A. Borovik, Jr.,1’5 M. Fogle ,6 V. Hannen ,7 Z. Hannan,8 P-M. Hillenbrand ,1’3 E.B. Menz ,3’5 Y. th;mg,g’9
7. Andelkovic®,’ F. Herfurth®,” R. HeRB®,? A. Kalinin®,” €. Kozhuharov®,” C. Krantz®,” S. Litvinov®,’ B. Lorentz®,’

U. Spillmann®,® M. Steck,” G. Vorobyev,” D. Banaé®,"? . Fritzsche®,”*! E. Lindroth®,'? X. Ma®."* A. Miiller®,’ precision Spectroscopy of
R. Schuch®,'? A. Surzhykov®,"** M. Trassinelli®,'® K. Ueberholz®,” C. Weinheimer®,” and Th. Stohlker®*>!
slow highly charged ions

PHYSICAL REVIEW LETTERS 134, 153001 (2025) testing QED in strong fields

spare

Quantum Electrodynamics in Strong Electromagnetic Fields:
Substate Resolved Ka Transition Energies in Heliumlike Uranium

Ph. Pfifflein®,"**" G. Weber®,"” S. Allgeier,* Z. Andelkovic®,' S. Bernitt®,"” A. L. Bondarev®,"> A. Borovik, Jr.®,>
I.. Duval®,” A. Fleischmann,” O. Forstner®,"” M. Friedrich,* J. Glorius®,' A. Gumberidze®,' Ch. Hahn®,"*
F. Herfurth®,' D. Hengstler®,* M. O. Herdrich®,">* P.. M. Hillenbrand®,">® A. Kalinin®," M. Kiffer®,"**
F. M. Kroger,"*® M. Kubullek,® P. Kuntz,* M. Lestinsky®,' Yu. A. Litvinov," B. Loher,! E. B. Menz®,"** T. Over®,>?
N. Petridis®,' §. Ringleb®,>? R. §. Sidhu®,"* U. Spillmann®,' §. Trotsenko,! A. Warczak®,” B. Zhu®,'

Ch. Enss®,* and Th. Stohlker®'**
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APPA Experimental Setups at the CRYRING@ESR Electron Cooler FAIR

ErUM-FSP T05

experimental equipment highly integrated into accelerator hardware

C. Brandau et al., Chin. Phys. C 49, 064001 (2025)

ctron cooler providing ultra-cold electrons
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AFpA, Highlight: Testing 2nd Order QED in a Highly Correlated Atomic FAIR

covrseros  Oystem — Electron-lon Collision Spectroscopy at CRYRING@ESR

Record low experimental uncertainty
thanks to the ultra-cold electron beam

Decelerated Be-like Pb’8* ions from the ESR
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Merged-beams kinematics: Extremely low collision energies are accessible with highest precision
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S. Schippers et al., ONIVERST =T
PRL 135, 113001 (2025) GIESSEN
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/%) UNIVERSITAT S. Fritzsche et al.,
&y DARMSTADT EPJD 79, 22 (2025)
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AH)A Highlight: High-Resolution Spectra of X-Ray Transitions in the F-\lR
T Heaviest Heliumlike lon (U°%*) from CRYRING@ESR

Metallic magnetic microcalorimeter

X-ray photon
or particle

=__ Sensol
— sQuID
magnetometer

Weak thermal link

Thermal bath (T = 20-50
mK)

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

s N N\ N

With funding from the:

% Federal Ministry
\ of Research, Technology
and Space
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high spectral
resolution and
broad bandwidth
offers unique
possibilities.

JUSTUS-LIEBIG-
T UNIVERSITAT
GIESSEN

% JJENA

FRIEDRICH-SCHILLER-

4 UNIVERSITAT

200

100

e
=

0

Counts per 22eV

95.9 96.1 96.3

96 97 98 99 100 101
Photon Energy (keV)

ﬁ Hl Jena

Helmholtz-Institut Jena P. Pfafflein et al., PRL 134, 153001 (2025)
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AFPA

ErUM-FSP T05

Commiissioning of the CRYRING Electron Target

FAIR

Commissioning beamtime G-22-

. % Federal Ministry
: of Research, Technology
and Space

and associated ion and
photon detectors

Electron Target
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data analysis in progress ...
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AFPA

ErUM-FSP T05

Photon detection between 40 — 350 nm

FAIR

« Bl «— Position-sensitive

Pumping unit f EUV detection

N
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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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N:PA First Demonstration of Dielectronic-Recombination
ErUM-FSP TO5 Assisted Laser Spectroscopy (DRALYS) F'\IR

Production of 2%8Bi8l* (He-like, radioactive) — Accumulation — Charge Breeding
) 208Bj80+ 5 q/m-Separation — Laser Excitation — DR — lon Detection
i LW]L“WLL 50— ——————————
: 1
= Beamtime G-22-00038 & 400 :
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300}
200}
f L
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background corrected signal (cts)

-100} JLr | -
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With funding from the:
AR | Federal Ministry TECHNISCHE ~ JUSTUS-LIEBIG- JG|U ™ —
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AFPA  HITRAP: First Experiment with Decelerated High-Z lons  FJ|R

ErUM-FSP T05

Beamtime G-22-00057 : Nanostructuring of monolayer graphene using slow heavy ions at high charge states

7‘ A. Niggas F. Aumayr C. Frank L Breuer gnan:lnélmru fe
S. Spannagl  R.A. Wilhelm C. Bottger M. Schleberger EER

@HITRAP Microscopy

. nanostructures
okeV/u Au79+ on surfaces?

Exin ~1.2MeV
Epot ~440keV

HITRAP 1-, 2-, 3-layer graphene (on SiC)
bulk CaF>
‘ _ MoS, on Au characterisation of samples height (nm)
With funding from the: MoS: on SiO» shared between
TECHNISCHE WS> on SiOs TU Wien and Uni Duisburg Atomic Force Microscopy: MoS:2 on SiO2

UNIVERSITAT
DARMSTADT

% Federal Ministry
48 of Research, Technology
and Space
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AFPA Laser Cooling Facility at SIS-100 FAIR

ErUM-FSP T05

Laser systems:

short-pulse

TECHNISCHE
@ UNIVERSITAT
DRESDEN

long-pulse
&4 TECHNISCHE
G/~ UNIVERSITAT
J'C DARMSTADT

—— = Universitéat

Miinster
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soft x-ray
(UV, VIS) source

1.6 um Al
. filter foil i

.....

With funding from the:
Photograph: GSIHelmholtzzentrum ftir Schwerionenforschung, D. Fehrenz detection Of XUV & soft X ray f|u0rescence % | F(;(IieralMil:lisTtryh [
- Or Research, lechnology
and Space
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AFPA

ErUM-FSP T05

Ultraschnelle Pyrometrie

FAIR

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

With funding from the:

e
JOHANN WOLFGANG @ GOETHE

p— Federal Ministry
UNIVERSITAT % of Research, Technology
FRANKFURT AM MAIN and Space

Signal, a.u.

Beam end

Cu foil, shot #533

2 4

6 8 10

Time, us

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.

Test of the thermoreflectometry technique with

a reflected laser signal and a bifurcated fiber.

Detector
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/]/?] Collimz;tor \\‘\u\
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Reflectivity measurements with
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Modification of the light collection

system.
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Novel Research Opportunities based on
ARPA FAIR

ErUM-FSP T05 Sophisticated and Versatile Instrumentation

rd
iy

With funding from the:

% Federal Ministry
of Research, Technology

< ESRion
. beam
L 1 position

and Space

L f e first test run

- Particle detectors

L.

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.

Stefan Schippers for the APPA Collaborations, KHuK Annual Meeting, Bad Honnef, 12 December 2025 15



AFPA

ErUM-FSP T05

Website https://fsp-appa.fair-center.eu

FAIR

FAIR — Facility for Antiproton and lon
Research in Europe

0 e D S e S

ErUM-FSP APPA

Owverview on FAIR | Studies & Career | Press | Aboutus |

| Business partners | User
I

Path: »User *Experiments »APPA »ErUM-FSP APPA

FAIR

User ErUM-FSP APPA - BMBF Collaborative Research Center

The BMBF collaborative research center ErUM-FSP APPA comprises the German
university groups who have set out to perform scientific research at the future
international accelerator complex FAIR under the umbrella of APPA (Atomic, Plasma
Physics and Applications). The FAIR installations are currently under construction at
the site of the GSI Helmholtz Center for Heavy Ion Research in Darmstadt, Germany.

Welcome Office
Experiments

» APPA
> Experiments

» Collaboration

» APPA News APPA is one of the four research pillars of FAIR comprising the international research
> APPA Events collaborations BIOMAT, FLAIR, HED@FAIR, and SPARC who focus on investigations of
TR HREE (anti)matter under extreme conditions (strong fields, high densities, high pressures,

» University groups

= Funded Projects 2024-2027
» Funded projects 2021-2024
» Funded projects 2019-2021
= Funded projects 2015-2018

and high temperatures).

The ErUM-FSP APP research center pursues coordinated research projects in the area
of accelerator based experiments with heavy ions at the future FAIR-installation.

« Publications Central issues are:

= Dates

. Links s Further development of the the experimental infrastructure, in particular,
» Nuclear Matter Physics research and development for enhancing the scientific capabilities of the
+ NUSTAR existing installations and of the future accelerator and detector systems

including the respective base technologies.
m Set-up of the APPA experiments of the modules 0-3 of the modularized start
version of FAIR.
Publications » Realization of the APPA research program during the current FAIR Phase-0.
Related Links

#» PANDA (external)

Spokesperson of the Collaborative Research Center is Stefan Schippers from the
Justus-Liebig-University Giessen.
Stefan Schippers for the APPA Collaborations, KHuK Annual Meeting, Bad Honnef, 12 December 2025

fsp-appa.fair-center.eu

ErUM-FSP TO5

All projects within the ErUM-
FSP APPA are funded by the
German Federal Ministry of
Education and Research
(BMBF)

With funding from the:

% Federal Ministry
of Research, Technology
and Space
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ErUM-FSP T05

AFPA  Next Annual Meeting of the Er
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Participants of 2025 meeting (Photograph: Lea Wunderlich)

22/23 january 2026 at GSI https://indico.gsi.de/e/APPA FSP 2026

Thank you for your attention!
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