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GSI: Unique Accelerator Complex for Heavy lons F_\|R == I

SIS18: 1 -2 GeV/u for ions, 4.5 GeV for p
Highest heavy-ion intensities
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FAIR — Facility for Antiproton and lon Research F'\IR iI= 5= 1L

—

SIS100

APPA Laser

L izozs

e FAIR 2028

~-/APPA Cave 4

5 NUSTAR after 2028
USTAR LEB

mm= First Science +

= Next steps

= MSV completion

«qez FAIR international facility
S 9 shareholders

+ 1 associated partner

+ 1 aspirant partner
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Worldwide Collaboration & Competition F-\IR iI= 5= 1L
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=  With major research facilities / institutions / projects from all over the world
»  With Scientists from more than 200 institutions from 53 countries (Orange + Blue)
. countries, which are shareholders of FAIR
» Blue: countries contributing to research and technical development projects at GSI and FAIR

= |n total more than 3000 scientists and engineers are involved in R&D for GSI and FAIR
Zakopane Conference 2026 6 HELMHOLTZ



FAIR2028 Main Installations F-\IR I= 5= 1l

SI1S100 Super-FRS
e | e A High-acceptance two-stage separator (Bp-AE-

Bp) for production, separation and identification of
radioactive nuclear beams

Length 350 m; rigidity: 2-20 Tm

Pre- (normal conducting) and main

(superconducting) separator stages
Three branches (low-energy, high-energy, ring)

Q1/2025

Core accelerator of FAIR, which acts as a feeder
for experimental stations (and storage rings)

Circumference 1,100 m; rigidity: 100 Tm
maximum proton energy ~ 29 GeV
maximum Uranium U%* ~ 10 GeV/u

Optimized for intense beams of heavy ions
Provides slow and fast extraction
Superconducting fast-ramping dipole magnets

Zakopane Conference 2026 7
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View to the future : SIS100

© GSI/FAIR, Zeitrausch
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View to the future : Super-FRS
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= Particles in dense medium . .

= Gluonic excitations:
, of heavy elements » - Hybrids, glueballs
" Structure of exotic nuclei (e.g. hypernuclel) = Precision spectroscopy of charmonium states

Neutron matter equation of state " I- = Time-like form factors, nucleon sfructure* . -
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The physics of neutron star mergers - in the lab F_\|R = == 1L

Tightly linked to experiments at GSI/FAIR:
« High density matter probed by CBM/HADES and NUSTAR
 Structure and reactions of exotic neutron-rich nuclei studied by NUSTAR

8 (o4 - Metzger et al, 2010
2 |
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h+ at 20 Mpc

Multimessenger astrophysics and FAIR
Gravitational Waves FAR ==x

« QCD phase diagram probed by CBM/Hades at FAIR

« Signatures first order phase transition to Quark Gluon plasma in
gravitational waves postmerger signal

X G 1.35-1.35 Msun
° “‘“ contact Speak
ol IS without PT T
4! " ﬂ‘ Ringdown
&
2] =]
Nl] ;
0 l ----- )
Qo
£ |
P —— DD2F-SF
| —— DD2F
=& T T T
Inspiral | . . 2 3 4 5
0 5 10 il 15 20 25 | f [kHZ}
Density of nuclear matter Bauswein et al, PRL 122, 061102 (2019)
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Multimessenger astrophysics and FAIR

Electromagnetic signals from r-process

FAR m=x

* Masses and beta-decay data for exotic nuclei by NUSTAR

Nucleosynthe3|s predictions and resulting astronomical transients

115 120
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FAIR Project Progress — Civil Construction F -\IR
I="= 1l

- Construction site view
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FAIR Project Progress — Civil Construction
- Central Transfer building F'\I R iI= 5= 1L

Zakopane Conference 2026 18 HELMHOLTZ
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FAIR Project Progress — Experimental Caves

FAR c=x

Crane and platform available
Access roads built

Magnet foundation poured
Magnet holding structure
accepted




FAIR Commissioning ongoing! F'\IR iI= 5= 1l

Q3 2025: Start of
commissioning of cryo-plant
and cooling water system

Q4 2025: Initial steps for
HEBT commissioning

Q1 2026: Takeover of main
control room in FAIR Control
Centre (FCC)

Zakopane Conference 2026 25 HELMHOLTZ
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Scientific vision: FAIR 2028 F'\IR === 1L

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

S oM FAIR 2028
=

after 2028

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 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.

HELMHOLTZ



FAIR Phase-0 Scientific Programme

Started in 2019, annual runs of

~110 days until FAIR operation

Supported by FAIR partners, so far:
Finland, France, Germany,

(Romania*), Sweden and the UK

*Romania contributed 2019-22

Harvesting rich results of
data taking

Beam time 2025

Extremely successful data
taking for experiments and
machine studies

Record number of physics
days
Minimal downtimes

FAIR / GSI

FAIR

lon species: H*,..., U%*

linear accelerator
UNILAC
M-branch

N

8 % - 15 % speed of light

PHELIX

CRYRING

Cave A *

FAR m=mx

up to 90 % speed of light

« heavy-ion synchrotron

SIS 18

Fragment Separator

@ HHT

storage ring ESR

HITRAP HADES

h miniCBM
Qeg3B

-0

28



FAIR Phase 0 - Beamtime 2025 F-\IR I=== 1L

Eperfiments
2025
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Experiments
in 2025 fo 2 000 E@]Uﬂ chﬂag
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422222222.. material of sand
SCIENTISTS

Acceleration

of 11
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From ~50 countries

o Ll
ACCELERATOR FACILITIES % 5,5% 53% 4,8% 45% 3,8%
Ol+o=

AT — ' .
d . e tow A e 125 10,2% Distance traveled
3.8% 3.6% 3,0% 2,5% 1.9% 1,6% 1.3% 5,616-10%° km
FOR sk

To the center of the Milky Way Galaxy and back!

AR s=x
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Some highlights AH%
... QED in Strong Electromagnetic Fields F-\IR I=5= 1l

Metallic Magnetic Microcalorimeter (MMC) Detectors

Substate Resolved Ka Transition Energies in HI JENA
Helium like Uranium A

0° detector 180° detector
18]
- Kag
12
> 6| First well-resolved K, spectra
o .
8 Lode-a-- A, recorded for a high-Z system.
g 111.25 111
£ 18 71,‘ """ qFT T T . | Spectral resolution of AE < 100
= A (Y a1r \(l] 1l
S 12 e 1 eV FWHM @ 100 keV was
L = * b achieved
4 ol - 1
Combination of high spectral resolution and broad ! ) ,," ] i
bandwidth acceptance offers unique possibilities. 0 S R P T | e i itati
P s - 116.5 116.65 116.8  86.6 86.75 86.9 F'_rSt explo!tatlon O_f _
CO: e . microcalorimeter timing
) - FWHM 1F FWHM - HHE :
2 OF siev /\ 57Co 1F %°Cd 906V - capabilities with Atgyq < 400
2 4f 1F ’ ns.
8 2F / \ . * .
v insensitive to geometric misalignments S 0 121.9 122.05 122.2 87.9 88.05 882 Spaff,
v combining 0° and 180° provides unique redundancy Photon Energy (keV)
v coincidences between x-rays and down-charged ions P. Pféfflein, et al. Phys. Rev. Lett. 134, 153001 (2025)
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Biophysics F_\lR
Space radiation protection BIO Particle therapy

« First European center to treat patients with high
energy '2C-ions (440 patients treated on site)

 Now extensive research program in particle
therapy covering from nuclear physics to
molecular biology

« ESA reference facility for ground-based
space radiation protection studies

*  Current ESA-supported programs ongoing:
IBER/IRES/ROSSINI/GCRsim

« ESA/FAIR Summer School in Darmstadt

N | s === ___ YN




Some highlights
... Imaging with mixed C- and He beams

C- and He ions simultaneously accelerated May 2025 —
First images
with a
scintillator-
camera system
(UCL)

Carbon beam stopped
with rangeshifter

Scintillatg Mirrow

= Cameras

_ ERC Christian Graeff

T E

e

B Urope.
. Research
TC| councs
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HULC Camera tested at GSI, used in ARTEMIS-II

The HULC - Handheld Universal Lunar Camera

Tested at GSI - Cave A with 1 GeV/u 238U-Beam in 2025

Photo: Tim Wagner, GSI ARTEMIS Il in eclipse, April 6, 2026, Foto by HULC, @NASA



Galactic Cosmic Ray Simulator

102

GCR kinetic energy spectrum after 10 gu‘c:rll2 Al at 1 AU (2010 Solar Min) Life 2014, 4, 491-510: doi:10.3390/1ife4030491

103

life
ISSN 2075-1729
www.mdpi.com/journal/life

Review

107
3 G o 3
s Space Radiation: The Number One Risk to Astronaut Health
= .
S beyond Low Earth Orbit
NE 10‘5
:EE Jeffery C. Chancellor 1'2, Graham B. I. Scott ™ and Jeffrey P. Sutton L
3 1

National Space Biomedical Research Institute (NSBRI), and Center for Space Medicine,
Baylor College of Medicine. 6500 Main Street, Suite 910. Houston, TX 77030-1402, USA:
E-Mails: jeff.chancellor@bem.edu (J.C.C.): graham.scott@bcm.edu (GB.LS.)

Department of Materials Science and Engineering, Dwight Look College of Engineering,
Texas A&M University, 3003 TAMU. College Station, TX 77843-3003, USA

Department of Molecular and Cellular Biology. Baylor College of Medicine. 6500 Main Street,
SIS-18 SIS-100 Suite 910, Houston, TX 77030-1402, USA

108 1 1 | Department of Medicine. Baylor College of Medicine, 6500 Main Street, Suite 910, Houston,

10! 10° Kinetic En;::;y(mw") 10t 10° TX 77030-1402, USA > CUtOff energy 10 GeVl n
T o at SIS100 vs. 1 GeV/n at
SIS18 or BNL (NASA)

» This will make FAIR the
best facility in the world to
simulate GCR in lab

10°

=
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NASA Space Radiaton '
Laboratory (NSRL) at BNL BIOMAT at FAIR
34
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Some highlights

... New island of asymmetric fission

Fission of exotic nuclei

Important in r-process
nucleosynthesis:

fragment distributions + fission
barriers

Experiment: Charge distributions

for for 100 neutron-deficient
isotopes produced in Coulomb
fission

New asymmetric fission island

in the sub-lead region
discovered

First Science at R3B

(p,2p) induced fission enables measurement of excitation energy (-> fission barriers)

Proton number Z

Number of protons, Z

95

90

85

80

75

70

FAR z=x

L 0

100

Number of neutrons, N

120

140

Pierre Morfouace, Nature doi:10.1038/s41586-025-08882-7 (2025) and talk on Friday

Charge- and mass-distributions + fission barriers towards r-process nuclei

Zakopane Conference 2026
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First measurement of astrophysically relevant reactions at F_\I R
CRYRING iI= =1L

J.J. Marsh et. al EPJ A 62, 10, (2026); doi: 10.1140/epja/s10050-025-01783-3

«  BN(p,p) and "°N(p,a) at 0,426 MeV/u A
« "N from the local MINIS source B

[

Hadrons and Nuclei

10 (2025),

“¥CARME @ CRYRI ¥
% (CRYRING Array for &

% Reaction /
X?M Easurements)’/f?

«
<
2 ’ G /
05 L, - al
o YRO4. 1

CARME at CRYRING

Pl Carlo Bruno
ERC Starting Grant ELDAR

S[Ia €~
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Discovery of 60-ns 104RF:

Marking the shoreline of the Island of Stability

J. Khuyagbaatar, P. Mosat et al., Phys. Rev. Lett. 134, 022501 (2025)
Editors’ Suggestion / Featured in Physics

Shoreline towards the Sea of Fission Instability is reached in the new 252Rf
Detection only possible thanks to longer-lived high-K state

252Rf e o

13 us (60 ns| ' 54
Fl
Sea of fission
instability
172
Ds
Hs P B
"  Hs | ||
Sg :
bit | 4 4.4 i
“ Lr | )
102 | No | 4 \
N 152 162

Zakopane Conference 2026
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Prediction: “Clouds of stability” of superheavy nuclei

K-isomeric state (Rf-252m):
Ground state (Rf-252):
J. Khuyagbaatar, Eur. Phys. J. A 58, 243 (2022).

50 ps
100 ns

Experiment: 39Ti+204Pb @TASCA
K-isomeric state (Rf-252m): 13% us F_\IR ® |

‘SPONSORED BY THE

+90

Ground state (Rf-252): 6030 ns

S 16 252Rf fissions

0

©

() . . S

< MRS 252le1‘ decayls to 252|Rf

=] implants

g. 114 Y w
1 ns |

< 06 98 100 102

10 15
Time (us)

SHE Chemistry
39 HELMHOLTZ



© GSI/FAIR, Zeitrausch

- Final setup in cave including HADES

ey




CBM Mission — Explore strong-interaction
matter at high(est) net-baryon densities

180

140
120

T
25
160 . i s
_Cppt computed
B - 0@ ' ]
- . e 7 0/ : h —
== == FRG: Fu, Pawlowski, Rennecke (2019) ,'s'; /
wenis DSE: Gao, Pawlowski (2020) G
[==-=="= DSE: Gunkel, Fischer (2021) =
FRG: moat regime (pions)
FRG: moat regime (sigma) N
Lattice: WB
Lattice: HotQCD
I I | |
0 200 400 600 800

Fabian Rennecke, Quark Matter 2025 _
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Search for landmarks of the QCD matter phase diagram:

— isolate unambiguous signals of new phases of QCD matter,
order of phase transitions, conjectured QCD critical point

— establish high net-baryon density EoS
— probe microscopic matter properties
- heavy-ion beams

e b
%I i o
2] Y

hot and dense QCD matter

Study various aspects of meson/baryon physics:

- (u, d, s, ¢) hadron production mechanism,
spectroscopy (|s|=2,3, |c|=1), interactions, hadron structure

- electromagnetic transition form-factors I
- p, d beams
p ./‘ P

./'. o/' ./a.o::

elementary process 42 cold QCD matter

f



Where does mass come from?
First signal of bound n' mesons in nuclei

Super-FRS EC

R. Sekiya et al., Phys. Rev. Lett. 136

First detection of a system consisting of
a "C nucleus and a n’ meson

Pioton heei Carbon 12 (Target) n’ meson bound state Forward emitted
9 in carbon 11 nucleus deuteron
a ‘ n’-mesic nucleus >
’ . formation @ ; )

Proton

\ Neutron
J

FAIR GmbH | GSI GmbH

(Cross section for forward deuteron emission)

x (proton detection probability)
[nb/(sr MeV)]

—_ —_ —_
N S (o2}

-
o

FAR m=mx

f Y
n’ meson bound n’ meson bound
in inner orbit in outer orbit
\,, - o
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Pion- and proton-induced QCD studies at GSI/FAIR
Hadron physics with CBM, HADES, and NUSTAR

Composition of
hadrons

Composition of
hadrons

dynamics production

Many-body
dynamics of

sy bodiinamice | _
Wl of hadrons

Composition of

ﬁ hadrons

(1]

o

7

(0]

=

(= =

£ R P @ HESR: clﬁrm

£ p @ SIS100: strange, charm o -
7, p @ SIS18: up, down, strange »

Roadmap
Versatile program during the various phases of FAIR
FAIR Phase0: pions/protons at HADES@SIS18
FS+: protons at CBM@SIS100
...towards antiprotons at HESR

Zakopane Conference 2026
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Hadron Physics at GSI and FAIR:
Prospects for the Next Decade

3 Tools and techniqur O
3.1 Partial-wave o 6

4 Hadron-hadr @Q \)Q

Contents

1 Introduction \
1.1 Key Questions in Strong Interaction Physies . . . . . . .. S Q
1.2 Context and objectives . . . . ... ........... \
1.3 International competition and complementarity . . O

2 Exploiting hadronic beams C)\

2.1 Keybeakures:. i o i 5 o i 6 i o wwed g

2.2 Hadron physics at GSI/FAIR . . . . . . %

23 Roadmap ...........000. 5 %
2.3.1 Hadron physics from GSL, FA~ ¢ &~ S ..

2.3.2 Pion and proton beams wi” @ 6‘\0 ......

o e N

(= AN N

2.3.3 Hadron beams with SIS
2.3.4 Opportunities with »
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2.5 State of the art — expr %
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%
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43 ¥ Q Q ......................... 10
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Fire incident at GSI on February 5, 2026 F-\lR IE =1

On February 5, 2026, at around 6:00, a major fire
broke out at GSI.

The fire originated in the area of the
radiofrequency (RF) supply for the UNILAC linear §
accelerator at GSI.

The reporting chains and the GSI/FAIR crisis
management team functioned efficiently.
Cooperation with the fire brigade and the
authorities proceeded smoothly.

Approximately 200 emergency personnel were on == |
site.

© J. Leroudier, GSI/FAIR

The fire was completely extinguished by Friday
morning, February 6, 2026.

FAIR / GSI Zakopane Conference 2026



Location of the fire

/

FAIR / GSI

|
\

““-‘e’“ ———————

BEO1 @ / —._—/;;/;_/)/ S

- Direct fire damage
- Water damage & smoke deposits

mainly smoke deposits
(functionality to be checked)

RE Gallery,

Seat of Eire
(roof collapsed)

111.65m
(inside)

(TU Ground Floor)

Zakopane Conference 2026



Information regarding the fire incident F-\lR === Il

No persons were injured, neither on the GSI site at the time of the fire nor among the emergency
personnel.

The fire department conducted measurements at the fire site and throughout the city. No hazardous
substances were detected during the entire operation. There was no danger to the public.

Fire safety systems operated as planned

Many experimental and infrastructure areas at GS| were not (directly) affected, including:
SIS18 synchrotron and its associated experimental facilities (ESR, FRS, CRYRING, HITRAP, HADES, R3B...)
PHELIX high-power laser and the GreenlTCube data center
The vast majority of offices remain usable (entire South Building, KBW, and BK1), as well as the cafeteria and canteen
The FAIR construction site was not affected. On-site work resumed without restrictions on Friday, 06.02.2026

The overarching objective is to rapidly commence solutions for the continuation of
research in close collaboration with the scientific community. Objectives:

Beams for FAIR commissioning by Q4 2027

Intermediate injector for FAIR2028 by Q4 2028

Restoring UNILAC injector capability by 2030/2031

The process of securing the necessary funding is on a good path!

FAIR / GSI



N
o
Research Perspectives and Beam Requirements F@IR I= 5= 1l

Short term (1-2 years):

~  Beams for commissioning the FAIR machines

« E ' ith '
xperiments with available beams, and detectors (min. 12C) in Q4/2027

alternatives for science

. Heavy ion beams (up to Xe or heavier) for an

. FAIR GmbH | GSI GmbH Zakopane Conference 2026 HELMHOLTZ




2027: start FAIR Commissioning with beam F'\IR iI= 5= 1l

min. 12C-beam at low intensity (1E7-1E8/spill, 12C5* up to 1,5GeV/u)
(PARTIH | HITRAP in transfer channel)
Main focus: technical commissioning with beam of FAIR HEBT (beam
transport lines) and Super-FRS
Beam parameters not sufficient for a broad competitive user beamtime, focus
IS on detector tests and selected experiments (e.g. BIO)

To SIS-18 and FAIR

HELMHOLTZ



2028 — 2030: Further commissioning and
intermediate science F-\IR iI= 5= 1L

min. Xe-beam at medium intensity (InterLAC) gfﬁﬁ OuarkGluon Plasma
Commissioning %128
accelerators Super-FRS, SIS100 commissioning %158
detectors for NUSTAR (Super-FRS, R3B), CBM )
and APPA-Laser experiments I -
Adapted FAIR 2028 science programme for 201 sgson
all communities. Examples are: %200 400 600 800 1000

Baryochemical Potential (MeV)
Measurements with light and medium heavy beams at CBM

Galactic cosmic ray simulator at 10 GeV/u (biophysics/ESA) 78." N Y
76 e |
Adapted NUSTAR ES/FS program with focus on R3B with N 74 b ] sgrrt ;

light and medium heavy RIBs

r-process pathway |

1i5 léO 1é5 150 155 1&0
Neutrons (N)
HELMHOLTZ




Next steps FS++ F-\IR iI= 5= 1L

APPA cave serving:
« atomic physics
plasma physics
biophysics
material science

NUSTAR LEB serving:

* high-resolution gamma-
ray spectroscopy with
AGATA

» decay spectroscopy

* mass measurements

laser spectroscopy

Strong relevance for fusion
research!

Protoa Number
. F | 3 4

7.; - -t . - (B L] e .
Neutron Number
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Next steps: Superheavy elements research
and Materials Science with HELIAC cw-LINAC

n, GSIIFAIR, Zeitrausch, 3/

|
-Gﬁaflk: J. Hosa



Conclusions F-\IR === 1L

FAIR is steadily progressing towards delivering science
Construction and commissioning on a good path
GSI UNILAC fire will not delay the start of FAIR2028, albeit with a modified staging
The scientific scope of FAIR2028 will entail a world-leading scientific programme
Full exploitation of the approved construction scope including adaptations
Moderate further steps will lead to a strong scientific payback
APPA and NUSTAR LEB caves constructed — to be equipped
HELIAC superconducting cw-LINAC
Long-term perspectives - science with storage rings and antiprotons/PANDA

Remains construction goal of FAIR convention, currently no resource-loaded schedule

59 HELMHOLTZ



Thank you for your attention!




