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GSI GmbH – Helmholtzzentrum für Schwerionenforschung
FAIR GmbH – Facility for Antiproton and Ion Research
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§ Existing facility: GSI Darmstadt (Foundation: 1969)
§ Future facility: FAIR (Foundation: 2010)
§ Landmark in the European research roadmap (ESFRI)
§ Employees on location: approx.1580 Ph
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FAIR: a World-wide project

• FAIR governed by international convention 
• 9 shareholders from: 
• + 1 associated partner: 
• + 1 aspirant partner: 
• Over 3000 Scientists and Engineers from all over the world 

• More than 200 institutions from 53 countries are involved with their scientists (orange + blue)
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FAIR-Phase 0 –
Start in 2018!
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Super FRS
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SHITRAP

GSI and FAIR – The Facility
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FAIR,
under 
construction

GSI, existing 
(upgraded to integrate 
with FAIR)

ESR, CRYRING, & HITRAP 
are part of FAIR

§ Intensity

§ Precision
§ Storage rings
§ Antiproton beams
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Hadron structure and dynamics PANDA

Nuclear structure and
nuclear astrophysics NUSTAR

Atomic physics, biophysics,  
plasma physics, material research   APPA

Nuclear- and quark-matter CBM

The FAIR science: four pillars



2023

CBM

NUSTAR HEB

S-FRS

SIS100

CRYO 2

Movie and more pics via www.gsi.de
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FAIR SIS100 accelerator tunnel

7



FAIR GmbH | GSI GmbH

FAIR SIS 100 supply tunnel
April 2023
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FAIR Area South
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FAIR CBM Cave
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FAIR Highlights

Q2-Q3/2023

String Test SIS100 - installation preparation

Successful completion of welding operations on interconnections 

and pressure test.
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FAIR Highlights- Storage and Logistics
Completed and delivered high-tech components for accelerator and experiments

Racks from IndiaSIS100 Dipoles complete

Ultra-heavy deliveries to site (load and vehicle 120to-60m)

He-By-pass lines from Poland

Storage area Weiterstadt: approx. 9.900 m²

4.195 objects (Components, assemblies, boxes) 

Racks from IndiaSIS100 Dipoles complete

50% of SIS100 components stored

90% of HESR components stored

He-By-pass lines from Poland
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Installation of components has started
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Experimental highlights
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Effort to best use the 
part of FAIR which 
will be available by 

2028
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Our vision for the future: FAIR 2028

§ FAIR in 2028 will feature the most valuable science program which can be 
hosted in the FS+ infrastructure.  

§ The „FAIR 2028“ science program will include:
§ APPA experiments at the low-energy rings, at SIS100, at the caves at 

SIS18 and UNILAC with and at PHELIX and a limited set of experiments 
which could be hosted at all the caves served by SIS100

§ NUSTAR at the Super FRS with SIS100 beams, plus SHE and MATS 
experiments at UNILAC and ILIMA at the low-energy rings

§ CBM at the new cave with SIS100 beams, and HADES at SIS18
§ PANDA is developing a hadron physics program to be carried as bridge 

towards the program with antiprotons, when possible using the caves and 
beams available at GSI/FAIR and synergies with other experiments.

§ Given the limits of financial and human resources, other activities 
will be downscaled, delayed or even discontinued.
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Current prospects and timeline

First Science +

MSV completion
Next steps

SIS18
SIS100

Super
-FRS

ESR

CRYRIN
G

UNILAC

Continuation of APPA, 
CBM and NUSTAR 

experiments in existing 
facility

APPA, NUSTAR and 
PANDA investigate options 
for further experiments at 

green lines

CBM

NUSTAR 
HEB

HITRAP

APPA Laser 
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until 2028

after 2028
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Evolution towards FAIR 2028

§ Up to 2025 we continue with FAIR the annual block of continuous 
beam time for Phase-0, from 2026 onwards we enter the mixed-
mode of Phase-0 with the commissioning of the new beamlines. 

§ Annual beam time for science will increase progressively, to reach 
full year operation from 2028 onwards.

§ Some experiments at the Super-FRS will start already in 2027 
using SIS18 beams („Early Science“)

§ We will try to keep a broad research programme on campus, 
which will also serve the long-term goals of FAIR.
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Ongoing early science program: FAIR Phase-0
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• Started in 2019, annual runs of ~110 days 
until FAIR operation in 2027

8 % - 15 % speed of light

linear 
accelerator

UNILAC
Fragment Separator

storage ring ESR

up to 90 % speed of light

heavy-ion synchrotron 
SIS 18

Ion species: H+,..., U92+

PHELIX

HADES

CRYRING

Z6

HHT

Cave A

HITRAP

Ion
sources

R3B

SHE

miniCBM

X0

M-branch

Germany
39.9%

Italy
8.9%France

6.3%
India
5.2%

Poland
5.1%

United Kingdom
5.0%

China
4.0%

Japan
3.2%

Spain
3.1%

USA
2.7%

Romania
2.3%

Others
14.4%

124 proposals with more than 
1700 participants from 45 
countries received in 2022

Beam time started, very successful to date
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Some highlights from the engineering run in 2023

§ Spill structure improvement

§ feedback system for macro spill structure
§ rf-cavity for micro spill structure 

§ high intensity campaign

§ N2 beam for pion production
§ U28+ beam with pulsed gas stripper with 

H2

µ-spill structure cavity feedback system for KO extraction

pulsed gas stripper (UNILAC)
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Some highlights from the engineering run in 2023

§ Dual beam

§ Two ion species within one 
bunch (12-C6+ and 4-He2+), 
simultaneously accelerated 
through the entire accelerator

§ Application in cancer therapy, 
where 12-C is used for tumour 
treatment and 4-He for 
imaging 

Treatment
Imaging

12C
4He
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Preliminary

CRYRING physics run 2023

Ion beam and level population dynamics in 
Mg+ laser spectroscopy at CRYRING@ESR

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

G-22-00047 M. Lestinsky G-22-00058 R. Sánchez 

Low-energy theoretical 
data underpredicts rate 
coefficient: relevant for 
low-T charge state 
distributions, such as e.g. 
in planetary nebulae, HII 
regions, AGN…

Addressing two 
hyperfine transitions of 
25Mg+ in coasting beam 
mode with two lasers 
results in a resolved 
hyperfine structure. This 
is the best condition to 
look for optical pumping.
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Beamtime schedule 2024

22
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Beamtime in 2024

§ Successful start of the physics run

§ Fast and smooth machine ramp-up
§ First experiments successful finished

§ e.g. Two-days HADES reference run 
with 12-C beam with feedback system

§ Test of R3Bs new hydra detector 
setup (A. Obertelli)

HADES spill structure with new feedback system
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Beamtime schedule 2025

24



FAIR GmbH | GSI GmbH PPAC18 Meeting – Feb. 5 & 6, 2024

Beamtime scenario GSI/FAIR 2024-2028

§ Engineering run 2023: Priority on preparation for experiment beamtime in 2024/25
§ Highlights: Dual beams; Pion-beam preparation; Intensity record

§ Experiments granted in 2022 will run in 2024 and 2025
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• 3-day workshop in 
Wuppertal

• Follow-up of satellite 
workshop at 
MESON2023

• 43 invited talks, 90 
participants

• theory & experiment
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A comprehensive “QCD” programme

• |S| = 2, 3 Hyperon Spectroscopy & Production 
• Hyperon Production: from pp to pA & AA
• Light-meson Production and K- Rescattering
• Hyperon Interaction Studies
• Hyperon Weak & Electromagnetic Structure 
• Proton-hidden charm Final State, Open Charm
• Exotics 
• Hard Hadronic Processes: Transition GPDs
• Forward Spectators and Neutrons
• Input for p+A and A+A Physics, polarization

Strangeness 

Charm 

“Nuclei” 
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White paper in the making
0. Executive summary
1. Introduction
- key questions in strong QCD
- context, objectives, process of whitepaper 
2. Exploiting hadronic beams in the field of QCD 
matter
- general key features
- state-of-art in experiment and theory
3. Hadron-hadron interactions
- final-state interaction & partial-wave analysis
- baryon-baryon interactions
- meson-baryon interactions
- femtoscopy
- short-range correlations
- charm-nucleon dynamics
- hypernuclei
4. Composition of hadrons
– hadron spectroscopy

- baryon spectroscopy: double+triple
strangeness

- charm spectroscopy
- spectral/line-shape studies

- structure of hadrons
- e.m. transition form factors of light baryons
- e.m. & weak transition form factors of 

hyperons
- structure of the proton: GPD, GFF, radii

5. Exotic nature of hadrons
- XYZ: spectroscopy, production and media 
propagation
- diquark correlations
- dibaryons
- intrinsic charm of the proton
6. Hadron production mechanisms
- production mechanisms of light mesons, 
strangeness and charm
- near-threshold production studies of hadrons in 
p+p/A
- connection to LHC energies/neutrino physics
7. Hadrons as probes to study dense matter
- elementary p+p, p+n reactions
- hadron properties in dense matter
- connection to dilepton spectrum
- short-range correlations
8. Experimental infrastructure
- GSI/FAIR proton (& possibly 
pion-beam) facility

- experimental setups: hades, cbm
- modifications to enable elementary 
proton-driven studies

- international play-field 
9. Discussion & conclusions
- roadmap

“Strong interaction studies using 
hadronic beams at GSI/FAIR”

Editors: J. Messchendorp & F. 
Nerling
Presently ~35 contributors 
(growing)
Open for additional contributions!
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§ A new Admin. Man. Dir. is expected to start in few weeks
§ The search for a new Sc. Man. Dir. has started
§ The FAIR Council chair is Catarina Sahlberg (VR Sweden) and GSI 

AR-chair is Volkmar Dietz (BMBF Germany)
§ Efforts to secure contributions from all FAIR Partners is on-going
§ The FAIR Commissioning Phase has started
§ The Dec 2024 Council meeting will take place in India
§ Difficult task for the management: integrate beamtime operation, 

installation and commissioning of the new facilities and essential 
interventions on the buildings (radiation shielding, fire protection…)
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Other News
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Thank you very much!

Looking forward for new science from 2028 
onwards!



What is in the 
interior of a 

neutron star?

How do materials 
behave under high 

pressure?

Where are heavy 
elements created?

Fotos: U
ranus, Jupiter, Erde

Q
uelle: http://de.w

ikipedia.org

NUSTAR CBM

APPA

Glueballs: 
What are protons 
and 
neutrons made of?
What is the structure 
of hadrons? 

PANDA
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Direct applications
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Development of nuclear clock: 
Promising candidate thorium-229

High-performance and scientific computing, big data, 
green IT

Space radiation protection, unique facility for simulation, 
collaboration with ESA

Novel applications for tumor and non-tumor diseases


