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World-leading accelerator
laboratory for nuclear and
heavy-ion physics

Major scientific results and
technical developments for
decades

FAIR — Facility for Antiproton and lon [
Research in Europe

e 0 e 0 S e S e

Landmark for the European
Research Infrastructure (ESFRI)
NUPECC LRP 2024 - Top priority
for European Nuclear Physics
Community

Unique scientific program
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GSI - Facts and Numbers F-\'R I=== 1l

GSI Helmholtzzentrum fiir Schwerionenforschung
Founded in 1969

Campus Darmstadt
Employees: 1,600 (thereof 1,150 scientific personnel)
Users of the GSI facilities: more than 1,500 per year

Mission:

Fundamental and applied research with
heavy ions.

Development, construction and operation
of heavy-ion accelerators and
experimental facilities.

Research in hadron, nuclear, atomic,
plasma physics, materials research,
biophysics and heavy-ion therapy
Forefront developments and innovation
in accelerator, laser, detector and IT
technologies

Two outposts: Helmholtz Institute Jena and

Mainz since 2009
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GSlI: Unique Accelerator Complex for Heavy lons Fj‘lR === I

SIS18: 1 — 2 GeV/u for ions, 4.5 GeV for p

lon Sources
High-Current Injector
High-Charge Injector
UNILAC

Low-Energy Exp. Hall
Transfer Channel
SIS18

HITRAP

RS Coupling: Fragment Separator — Storage & Cooling Rings

. High-Energy Exp. Hall
. Cryring @ ESR

1.
2
3.
4.
5.
6.
7.
8.
9.
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FAIR - Facility for Antiproton and lon Research F‘\I R iI=5= 1I

S

SIS100

~=m, SPARC

" ceM FAIR 2028

‘ Super-

'L/)F’F’Aca"e , RS

s First Science + /] /

— Next steps . ”/ ILIMA > NUSTAR after 2028

] ; s MSV completion : S\ NUSTAR LEB

] / z V = V

«qez FAIR international facility \_—\/ -

S

APPA Laser

9 shareholders

+ 1 associated partner
+ 1 aspirant partner
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Worldwide Collaboration & Competition F-\IR iI=5= 1I
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.

M Lawrence Livermore
National Laboratory

%
- - BR

NATIONAL LABORATORY

ATIONAL LABORATORY

ﬁ’sA'amos Argonne &

lllllll

=  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
= In total more than 3000 scientists and engineers are involved in R&D for GSI and FAIR
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FAIR2028 Main Installations F'\lR === 1l

SIS100 Super-FRS
‘ | e 1 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
Q1/2025 Three branches (low-energy, high-energy, ring)

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%2* ~ 10 GeV/u

Optimized for intense beams of heavy ions

Provides slow and fast extraction

Superconducting fast-ramping dipole magnets
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Quarks and gluons

m
Q
g
e
c
=
<
)
[}
@

)
=
E Critical point?
% <
- 2 5 Hadrons
=~ % - 2 Atomic Color supe
3 : s nuclei ¢ ] conductivi
A : e - = .QCD rriatter 2 ' . density
Precision tests of QED SN T hlgh baryon densities™ ! e
Cosmic ray simulator for |rrad|at|on studles o Phase transition and critical point - - -
Materials under hlgh pressure. : K 5 Panticies in denes madinng ey

* Nucleosynthesis _ . » Gluonic excitations:
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The physics of neutron star mergers - in the lab

FAR m=mx

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

GSI

411 Metzger et al, 2010

Luminosity (erg s™)

Cowperthwaite et al, 2017 % U N I v E RS E
=)
L ]

A
e 452

]
Time (days)

FAIR

FAIR GmbH | GSI GmbH
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FAIR Project Progress — Civil Construction
- Construction site view ‘xl R I= 5= 1L
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FAIR Project Progress — Civil Construction
- Central Transfer building F'\l R I=5= 1L

18 HELMHOLTZ



14
b4
L5
7]
]
(=
[
(%]




x
<
k=
7]
o
=
[
(%]
o
T
=
©




Commissioning Cryoplant f‘ "







Inside the FAIR Control Center (FCC)
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FAIR Project Progress — Experimental Caves

FAR E=x

Crane and platform available
Access roads built

Magnet foundation poured
Magnet holding structure
accepted




FAIR Commissioning ongoing! F‘\IR iI=5= 1I

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)
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Scientific vision: FAIR 2028 FAIR I=== 1l

APPA Laser

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

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

lon
sources

FAIR/GSI

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

linear accelerator
UNILAC

\
FAIR

FAR E=x

up to 90 % speed of light

« heavy-ion synchrotron

SIS 18

PHELIX
M-branch

-

8 % - 15 % speed of light

Fragment Separator

4— HHT

storage ring ESR

HITRAP

Cave A »

+0

HADES

h miniCBM
<—R33

CRYRING

28



Biophysics F_\lR

« ESA reference facility for ground-based r o First E“{f pean center to t reat patients W'th high
diat tocti tudi energy '?C-ions (440 patients treated on site)
space radiation protection studies * Now extensive research program in particle

*  Current ESA-supported programs ongoing:
IBER/IRES/ROSSINI/GCRsim
« ESA/FAIR Summer School in Darmstadt

N | Iy EYm|

therapy covering from nuclear physics to
molecular biology




NUSTAR-R3B at the Super-FRS




Some highlights
... New island of asymmetric fission FAIR iI=5= 1I

Fission of exotic nuclei ‘ f o . P
. ‘ Map of evolution of asymmetric fission

Important in r-process
nucleosynthesis:

fragment distributions + fission
barriers

95 —

Proton number Z
®

90

Experiment: Charge distributions R
for for 100 neutron-deficient
isotopes produced in Coulomb
fission

85

T Y PR
2.40 245 250

Mass-to-charge ratio

80

Number of protons, Z

75

New asymmetric fission island
in the sub-lead region - . | -
discovered 199 120 140

Number of neutrons, N

First Science at R3B P. Morfouace, Nature doi:10.1038/s41586-025-08882-7 (2025)

* (p,2p) induced fission enables measurement of excitation energy (-> fission barriers) 3
» Charge- and mass-distributions + fission barriers towards r-process nuclei R B

36 HELMHOLTZ



Discovery of 60-ns 1o Rf: H I M

Marking the shoreline of the Island of Stability F-\lR =3
J. Khuyagbaatar, P. Mosat et al., Phys. Rev. Lett. 134, 022501 (2025) Prediction: “Clouds of stability” of superheavy nuclei
Editors’ Suggestion / Featured in Physics K-isomeric state (Rf-252m): 50 ps

Ground state (Rf-252): 100 ns

Shoreline towards the Sea of Fission Instability is reached in the new 252Rf
J. Khuyagbaatar, Eur. Phys. J. A 58, 243 (2022).

Detection only possible thanks to longer-lived high-K state

252Rf

Experiment: 5°Ti+2%4Pb @TASCA
K-isomeric state (Rf-252m): 137 ps F_\I R ® |

eeeeeeee

Ground state (Rf-252): 6050 ns
13 us |60 ns
S 161 252Rf fissions
Sea of fission , -c%
instability R -
Ds 252m " T " T " T T
<:| Mt 3 _ Rf 252mRf decays to 2°?Rf
Hs P = implants
Bh Q 11+ CE |
Sg E 1 | 1 | : .250 I'I]S E.
7 2 i ] 9.6 9.8 10.0 102
o y 5 10 15
102 | No | Time (us)
N 152 162

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

=3\

FAR i (2

180 T T D 1 . I
160 Rt g | Search for landmarks of the QCD matter phase diagram:
=---—-—-—~~~~.,,‘_ ) R - isolate unambiguous signals of new phases of QCD matter,
140 | YOy ’ 1 < order of phase transitions, conjectured QCD critical point
g -, ko) . . .
120 | \ 13 - establish high net-baryon density EoS
= 100 R %t X — probe microscopic matter properties
— . o 7 3 -
S © V. computed o - heavy-ion beams
= 80} G 1
&~ @@ § % .‘ﬁé
60 === FRG: Fu, Pawlowski, Rennecke (2019) 'S'/é\, x - %&Jﬁ
DSE: Gao, Pawlowski (2020) % 8§
40 H—-—-= DSE: Gunkel, Fischer (2021) 1 2 hot and dense QCD matter
FRG: moat regime (pions) g
20 H FRG.: m.oat regime (sigma) i
Foee HeCD Study various aspects of meson/baryon physics:
% 200 200 500 800 1000 - (u, d, s, ¢) hadron production mechanism,
spectroscopy (|s|=2,3, |c|=17), interactions, hadron structure
- electromagnetic transition form-factors
- p, d beams J [
P, ./‘ P é.

./'.e/v ./':20:

FAIR GmbH | GSI GmbH elementary process 42 cold QCD matter


https://indico.cern.ch/event/1334113/contributions/6209753/attachments/3050090/5390673/QM2025_Rennecke.pdf

Some highlights

... Accessing dense matter with dileptons at HADES
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— isolate thermal contribution

radiation explained by medium
modified vector mesons (VMD,
,radiation of the cloud®)

R = A N(1520),ay, ..
NN

h=N,n,K, ..

Rapp, van Hees;arXiv:1411.4612v
spectral distribution reproduced by a
fit assuming thermal radiation
significantly higher temperatures at
higher beam energies

no indication of p-meson at lower
beam energies
spectral distribution provides

information on
p-a, mixing (chiral symmetry restoration)
caloric curve
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FAR z=x
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Pion- and proton-induced QCD studies at GSI/FAIR
Hadron physics with CBM, HADES, and NUSTAR F‘\IR I= 5= 1l

Composition of Hadron Physics at GSI| and FAIR:

hadrons

Hadron Composition of
spectroscopy hadrons

Prospects for the Next Decade

dynamics. production Contents
1 Introduction 2
o 1.1 Key Questions in Strong Interaction Physics . . . . . . .. - Q . 2
Many '_:Odyf 1.2 Context and objectives . . . . ... ........... \ m 5
:yr(;amlcs O o . . - 1.3 International competition and complementarity . . O O\\r 5
adrons any-bo namics \
R irong 2 Exploiting hadronic beams

2T BevaiBAlNEes .. . . .. . L e e e

Composition of 2.2 Hadron physics at GSI/FAIR . . . . . . % @
2.3 Roadmap 5 \2\

hadrons

o o won

2.3.1 Hadron physics from GSI, FA S
2.3.2 Pion and proton beams wi’ A < Q AAAAAA
2.3.3 Hadron beams with SIS~ Q \

2.3.4 Opportunities with »

2.4 Hadron production mech- @ ZQ

2.5 State of the art — expe 6

ron mass reach
o

P @ HESR: charm . o
8 Many-body dynamics | IK 3 Tools anfi techmqur boK & \0 9
sl of hadrons p @ SIS100: strange, charm G 81 Earipbypre g (\ (\ 4(0 ----------------- 2
7, p @ SIS18: up, down, strange ¢ Sabmap @ 1) > \% 3
42 M:fo \% C)O Q ....................... 18
43 F 10

44 Q’ D
Roadmap . \&OQ & Qo(ic‘;ﬂ;‘iii‘é:’ii; e
Versatile program during the various phases of FAIR o) .\Q.Q """"""""""""""""""" :
FAIR Phase0: pions/protons at HADES@SIS18 G s i
FS+: protons at CBM@S|S1OO i .d transition form factors . . . ... ... ...l ;g

5. a structure and intrinsic charm . . . .. ... L o L0
...towards antiprotons at HESR

5.2.3 kdecaysoftheQ@baryon . . ......................... 23
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Fire incident at GSIl on February 5, 2026 F-\lR =

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

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

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.

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

Nobody was injured.

FAIR/GSI



Location of the fire F-\IR === i

/

|

RE Galleny,

Seat of Fire
roof collapsed)

FCC
.....

f\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

G L aL BB

- Direct fire damage

- Water damage & smoke deposits 111.65m

(inside)

mainly smoke deposits
(functionality to be checked)

(TU Ground Floor)

FAIR/ GSI



Following fire: Scientific priorities F-\IR == 1I

No priority change due to fire:
FAIR / GSI research

APPA Laser

£ wzons
after 2028

/4 ”
- — / z
R
Continuation of APPA, CBM
e \ APPA, NUSTAR and PANDA
and NUSTA‘R efx pgll:ltments '\ investigate options for further
in.existing facliity experiments at green lines

FAIR GmbH | GSI GmbH HELMHOLT®Z



2027: start FAIR Commissioning with beam F-\IR I=5= 1L

min. 2C-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)

HELMHOLTZ



2028 — 2030: Further commissioning and

intermediate science FA‘IR I=5= 1L
. . . ) <200
min. Xe-beam at medium intensity (InterLAC) 2 180 Quark.Gluon Plasma
. . . ‘5160?2:.|CE Latiice Crossover
Commissioning S1ol T
accelerators Super-FRS, SIS100 commissioning S
detectors for NUSTAR (Super-FRS, R3B), CBM = 80,
and APPA-Laser experiments igi Hadrons
Adapted FAIR 2028 science programme for ) | | e
all communities. Examples are: 0 200 B“;‘;ochefn?gal b0 (I\]Ig?/(;
Measurements with light and medium heavy beams at CBM
Galactic cosmic ray simulator at 10 GeV/u (biophysics/ESA) 78." R Had
76 i ]
Adapted NUSTAR FS program with focus on R3B with light N 74 ] s
and med|um heavy RIBS g ;(2)’6?1&?} r-process pathwayi
S [
= ool el
64 F ‘ 1

115 120 125 130 135 140
Neutrons (N)
HELMHOLTZ



Next steps FS++

APPA cave serving:
« atomic physics

« plasma physics

* biophysics

* material science

Strong relevance for fusion
research!

\SPARC -
/

‘AP PA Cave
e

FAR z=x

NUSTAR LEB serving:

high-resolution gamma-
ray spectroscopy with
AGATA

decay spectroscopy
mass measurements
laser spectroscopy

Protom Number
“ ¥ 85 £ ¢t

; - “r . L » » - L)
Neutron Number

57 HELMHOLTZ
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ExtreMe Matter Institute EMMI

www.gsi.de/emmi = =1l


http://www.gsi.de/emmi

EMMI

* founded in 2008 in framework of
Helmholtz Alliance (2008 - 2015)
Cosmic Matter in the Laboratory

ﬁ HELMHOLTZ

‘ ASSOCIATION

Alliance on Cosmic Matter
in the Laboratory

* since 2016 continued as part of GSI:
taking the momentum of the alliance into the future



EMMI Partner Institutions

- GSI Helmholtz Centre for Heavy lon Research

- Forschungszentrum Julich

- Technische Universitat Darmstadt

- Goethe-Universitat Frankfurt

- Ruprecht-Karls-Universitat Heidelberg

- Universitat Munster

- Max-Planck-Institut fur Kernphysik (MPIK), Heidelberg
- FIAS Frankfurt Institute for Advanced Studies

- Universite VI (Pierre et Marie Curie), Paris

- Lawrence Berkeley National Laboratory, Berkeley
- Joint Institute for Nuclear Astrophysics (JINA)

- University of Tokyo
- RIKEN, Saitama



... and its Partners

-
|
WILHELMS-UNIVERSITAT

e M UNSTER

TECHNISCHE \’)JULICH

U N IVERS |TAT FORSCHUNGSZENTRUM
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GOETHE ;%
UNIVERSITAT

FRANKFURT AM MAIN

A
(reeeee '"|

BERKELEY LAB

wrence Berkeley National Laboratory

HE K F

(; ’ THE UNIVERSITY OF TOKYO

JINA-CEE

FIAS Frankfurt Institute @
for Advanced Studies &%

&

UPMC A

AAAM1 SORBONNE
S
UNIVERSITAT
HEIDELBERG \\
ZUKUNFT )
SEIT 1386 MAX-PLANCK-INSTITUT HGS-HIRe  Tor FAIR
F["]R KERNPHYSIK Helmholtz Graduate School for Hadron and lon Research




Organisation

| 3 Partner Institutions
Management:

Scientific Director: Thomas Aumann
Scientific Coordinator: Carlo Ewerz

+ administrative support (EMMI Office)

31 further experts as Associated Partners

Steering Committee (representatives of Partners)
as main steering body

Scientific Advisory Committee (8 external experts)



Budget

During Alliance funding period:
18.745 MEuro for 6 years or
3.12 MEuro per year

matched by the partner institutions with
63.111 MEuro in 6 years

Since 2016 as department of GSI
(without partner institutions):
500 kEuro per year



Main Research Areas of EMMI

Matter under extreme conditions of temperature, density
and pressure, in particular

e quark-gluon plasma, phase diagram of strongly
interacting matter, and hadron physics

e structure and dynamics of neutron-rich systems
from the laboratory to the stars

* plasma physics

e atomic physics and ultracold gases

... and related topics

Aim:
bringing together the best minds from these communities



Emergence of common concepts

Common underlying theoretical concepts for strongly
coupled systems, and systems requiring combination of
different theoretical methods

e BEC and BCS

* QGP and ultracold Fermi gases

* holographic duality relating QCD to black holes

* multi-messenger astronomy: neutron star mergers,
kilonovas, ...

* hydrodynamics, turbulence, ...



Goals

central goal of EMMI:

act as think tank & provide intellectual environment
for extreme matter research (at GSI| and beyond)

aiming at:

* interdisciplinary scientific events of highest quality
* strong promotion of early-career researchers

* network among two Helmholtz centres and

eleven top national and international laboratories and
universities



EMMI Scientists

* more than 100 senior researchers participating in EMMI,
more than 400 scientists in total

* |4 new positions (professorships / tenured)

created by partners:
10 at TUD, F MPI-K, MS, HD, LBNL

4 EMMI Fellow positions at GSI

* EMMI PhD students associated with surrounding
graduate schools (HGS-HIRe, HGSFP)



EMMI Publications

https://doi.org/10.1038/s41586-018-0491-6

REVIEW

Decoding the phase structure of QCD via
particle production at high energy

Anton Andronich?, Peter Braun-Munzingerb3##, Krzysztof Redlich"® & Johanna Stachel?

Vol 466|8 July 2010|doi:10.1038/nature09250 nature

LETTERS

OILSPILLS "}
There's worsg,
tocome

Theneed to
costthe Earth

The size of the proton

Randolf Pohl', Aldo Antognini', Francois Nez?, Fernando D. Amaro®, Francois Biraben?, Jodo M. R. Cardoso’,
Daniel S. Covita®™, Andreas Dax’, Satish Dhawan®, Luis M. P. Fernandes’, Adolf Giesen®f, Thomas Graf®,
Theodor W. Hansch', Paul Indelicato?, Lucile Julien?, Cheng-Yang Kao’, Paul Knowles®, Eric-Olivier Le Bigot?,
Yi-Wei Liu’, José A. M. Lopes’, Livia Ludhova®, Cristina M. B. Monteiro®, Francoise Mulhauser®t, Tobias Nebel’,
Paul Rabinowitz’, Joaquim M. F. dos Santos’, Lukas A. Schaller®, Karsten Schuhmann'®, Catherine Schwob?,
David Taqqu'!, Jodo F. C. A. Veloso®* & Franz Kottmann'?

LETTER

Masses of exotic calcium isotopes pin down
nuclear forces

F. Wienholtz!, D. Beck?, K. Blaum?®, Ch. Borgmann®, M. Breitenfeldt®, R. B. Cakirli*>>, S. George', F. Herfurth?, J. D. Holt®”,
M. Kowalska®, S. Kreim*®, D. Lunney®, V. Manea®, J. Menéndez®”, D. Neidherr?, M. Rosenbusch!, L. Schweikhard',
A. Schwenk”®, J. Simonis®’, J. Stanja'®, R. N. Wolf' & K. Zuber"

doi:10.1038/naturel12226
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Radio-Frequency Association of
Efimov Trimers

Thomas Lompe,?3* Timo B. Ottenstein,*** Friedhelm Serwane,™*> Andre N. Wenz,*?
Gerhard Ziirn,*? Selim Jochim™-%3

The quantum mechanical three-body problem is one of the fundamental challenges of few-body physics.
When the two-body interactions become resonant, an infinite series of universal three-body bound states is
predicted to occur, whose properties are determined by the strength of the two-body interactions. We used
radio-frequency fields to associate Efimov trimers consisting of three distinguishable fermions. The measurements
of their binding energy are consistent with theoretical predictions that include nonuniversal corrections.

behavior of a physical system can be de-  resonant interactions are a prime example of this

Under certain conditions, the long-range  short-range properties; few-body systems with
scribed without detailed knowledge ofits ~ concept of universality (/). Ultracold gases, where

resonant scattering may be achieved by tuning the
interactions with the use of Feshbach resonances
(2), have been used extensively to test the predic-
tions of universal theory.

If the parameter describing the interactions,
the s-wave scattering length a, is much larger
than the characteristic length scale 7, of the inter-
action potential, the few-body physics in such
ultracold gases is predicted to become universal.
For two particles with a large positive scattering

Physikalisches Institut, Ruprecht-Karls-Universitdt Heidel-
berg, 69120 Heidelberg, Germany. *Max-Planck-Institut fiir
Kernphysik, Saupfercheckweg 1, 69117 Heidelberg, Germany.
3ExtreMe Matter Institute EMMI, GSI Helmholtzzentrum fiir
Schwerionenforschung, 64291 Darmstadt, Germany.

*To whom correspondence should be addressed. E-mail:
thomas.lompe@mpi-hd.mpg.de
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High-precision measurement of the atomic mass of

the electron

S. Sturm’, F. Kéhler"?, J. Zatorski', A. Wagner', Z. Harman"?, G. Werth*, W. Quint?, C. H. Keitel' & K. Blaum®



EMMI Programs

* EMMI Workshops
* EMMI Programs

* EMMI Rapid Reaction Task Force meetings (RRTFs)

e joint workshops with ECT* Trento  a**4
% ECT%)
e SN
L SIS 4

* Visiting Professor program
* Visiting Researcher program



Interdisciplinary Events: examples

ExtreMe Matter Institute EMMI

EMMI Workshop

Uncertainty Quantification at the Extremes

(ISNET-6)

GSI, Darmstadt, Germany
October 8-12,2018

"'/Constrained ]
by data

Goals

Facilitate cross communication, fertilization, and ollaboration
on statistical applications among the nuclear sub-fields
Provide the opportunity for nuclear physicists unfamiliar with
Bayesian methods to start applying them to new problems
Learn from experts about innovative and advanced uses of
Bayesian statistics, and best practices in applying them

Learn about advanced computational tools and methods
Critically examine the application of Bayesian and frequentist
methods to particular physics problems in the subfields

Information
www.gsi.de/emmi/workshops

HELMHOLTZ

RESEARCH FOR GRAND CHALLENGES
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Organizers

L
300

Dick Furnstahl, Ohio State U.

David Ireland, U. Glasgow
Daniel Phillips, Ohio U.
lan Vernon, Durham U.

More about EMMI

www.gsi.de/emmi

ExtreMe Matter Institute EMMI

EMMI Workshop

Functional Methods in Strongly Correlated Systems

Darmstadter Haus, Hirschegg, Austria

March 31 - April 6, 2019

mics
of

strongly correlated

Phases
of

strongly correlated systems

s 0
' e

Bound stc

Speakers:

Laura Classen (Brookhaven National Lab & University of Minnesota)
Sebastian Diehl (University of Cologne)

Joaquin Drut (UNC Chapel Hill)

Nicolas Dupuis (Université Pierre et Marie Curie)

Stefan Flérchinger (Heidelberg University)

Kenji Fukushima (Tokyo University)

Daniel Litim (University of Sussex)

Hans-Werner Hammer (TU Darmstadt)

Urko Reinosa (CPHT, Ecole Polytechnique)

Fabian Rennecke (Brookhaven National Lab)

Michael Scherer (University of Cologne)

Malo Tarpin (Unversité Grenobles Alpes & Heidelberg University)
Ralf-Arno Tripolt (Goethe University Frankfurt)

Corbinian Wellenhofer (TU Darmstadt)

Nicolas Wink (Heidelberg University)

Information:
www.gsi.de/emmi/workshops

HELMHOLTZ

RESEARCH FOR GRAND CHALLENGES

IS CRC-TR2n

Strong-interaction matter
under extreme conditions

nd resonances
in

strongly correlated systems

Organizers:

Jens Braun

Michael Buballa

Stefan Florchinger

Jan M. Pawlowski

Dirk H. Rischke
Bernd-Jochen Schaefer
Lorenz von Smekal

Registration Deadline:
February 28", 2019

More about EMMI:
www.gsi.de/emmi




Interdisciplinary Events: examples

Helmholtz Alliance
Extremes of Density and Temperature: Cosmic Matter in the Laboratory

ExtreMe Matter Institute EMMI

Quark-Gluon Plasma meets
Cold Atoms - Episode llI

ExtreMe Matter Institute EMMI

EMMI Workshop

Interdisciplinary Workshop on Supersolidity
September 20-22, 2021

Aula Silvestri - Economics and Management Department of the Universiy of Trento, via Antonio Rosmini 44

Scientific Organizers: Logistics and Local Organization:
Francesca Ferlaino (University of Innsbruck; IQOQI Innsbruck) Monica Cosi (University of Trento)
Alessio Recati (INO-CNR, Trento) Silvia Bonazza (University of Innsbruck)
Sandro Stringari (University of Trento) Communication and Event Office,

Polo Collina (University of Trento)

Workshop at Waldemar-Petersen-Haus
Hirschegg, Austria
August 25 -31, 2012

Following recent advances in the field, we are organizing an Interdisciplinary Workshop
on Supersolidity. The workshop will explore, in an interdisciplinary fashion, various
aspects of supersolidity, focusing on different mechanisms and experimental platforms.
The latter include dipolar and spin-orbit-coupled quantum gases, Rydberg atoms, light-
induced dipoles, as well as solid Helium and nuclear systems.

L

€.

Speakers:

Blair Blakie (ONLINE)

Jordi Boronat

Fabio Cinti

Tilman Esslinger

Randy Hulet (ONLINE)
Massimo Mannarelli
Giovanni Modugno
Matthew Norcia
Christopher Pethick (ONLINE)
Tilman Pfau

Thomas Pohl

Nikolay Prokof'ev (ONLINE)
Guido Pupillo

Alessio Recati

Carlos Sa de Melo (ONLINE)
Luis Santos

Gora Shlyapnikov
Giancarlo Strinati

Sandro Stringari

Leticia Tarruell

Michael Urban

Martin Zwierlein

Lecturers Organizers
Jens Braun, TU Darmstadt Michael Buballa
Peter Braun-Munzinger, EMMI, GSI Selim Jochim
Kenji Fukushima, Keio University Jan M. Pawlowski
Thomas Gasenzer, Heidelberg University Dirk Rischke
Larry McLerran, Brookhaven National Lab

Thomas Schafer, North Carolina State University

Florian Schreck, Innsbruck University & IQOQI

Achim Schwenk, EMMI, TU Darmstadt

Lorenz von Smekal, TU Darmstadt Registration deadline
Johanna Stachel, Heidelberg University July 15", 2012
Michael Thies, Erlangen University

John Thomas, North Carolina State University

image: ©AG_Ferlaino_Group

www.erbium.at/workshopTN

Information: supersolid.physics@unitn.it More about EMMI:
www.gsi.de/emmi/workshop www.gsi.de/emmi

q CNR-INO  HeLMHoLTZ
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Registration and further information More about EMMI
htt w-aix.gsi.de/conferences/emmi/QGPmCA2012 www.gsi.de/emmi
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EMMI RRTFs

* concentrate on focussed problem in intense discussion
e |5 - 25 expert participants

* aim: summary of results, optimally with publication
on arXiv and/or in journal



EMMI RRTFs

RRTF concept goes back to Alexander von Humboldt:

Humboldt was revolutionizing the sciences. In September 1828 he
invited hundreds of scientists from across Germany and Europe to
attend a conference in Berlin. Unlike previous such meetings at
which scientists had endlessly presented papers about their own
work, Humboldt put together a very different program. Rather
than being talked at, he wanted the scientists to talk with each
other. [...] ‘Without a diversity of opinion, the discovery of truth is
impossible’, he reminded them in his opening speech.

in Andrea Wulf, The Invention of Nature, 2016

) ALE AN
VON HY MBS

¥N B Woke  ©
K¢d "\ - - S

ANDREA WULF
Author of Founding Gardeners




EMMI RRTFs: examples

* Thermalization in a Nonabelian Plasma (201 |)

e Quark Matter in Compact Stars (201 3)

* Direct-Photon Flow Puzzle (2014)

* Non-Exponential Two-Body Weak Decays (2014)

e Resonances in QCD (2015)

e Extraction of heavy-flavor transport coefficients
in QCD Matter (2016)

* The physics of neutron star mergers (2018)

e Electromagnetic Structure of Strange Baryons (2018)

* Direct reactions and nuclear structure (2018)

* Space-time structure of jet quenching: theory and experiment (2019)

e Real and virtual photon production at ultra-low transverse
momentum and low mass at LHC (2022)



Recent RRTFs

ExtreMe Matter Institute EMMI ExtreMe Matter Institute EMMI

EMMI Rapid Reaction Task Force

EMMI Rapid Reaction Task Force

1s Lamb shift in heavy H-like ions: The physics of neutron star mergers
towards an accuracy of <1 eV at GSI/FAIR

Rosensale, Jena, Germany

GSI, Darmstadt, Germany
September 17-19, 2018

June 3-15,2018
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Nuclear Charge, Z Topics Organizers

Dense matter equation of state Gabriel Martinez Pinedo (GSI & TU Darmstadt)
Gravitational wave observations Tetyana Galatyuk (TU Darmstadt & GSI)
R-process nucleosynthesis César Domingo Pardo (IFIC)
Astrophysical simulations of mergers Brian Metzger (Columbia University)
Electromagnetic signatures of the r-process Luciano Rezzolla (U Frankfurt)

Samaya Nissanke (Radboud University)

Topics Organizers

High-resolution X-ray microcalorimeters Alexandre Gumberidze (GSI, U Frankfurt)
and crystal spectrometers Yuri Litvinov (GSI, U Heidelberg)

Precision X-ray spectroscopy of stored and cooled Glinter Weber (HI Jena)

heavy highly-charged ions Thomas Stohlker (HI Jena, GSI, U Jena)
Bound-state QED

Information More about EMMI
www.gsi.de/emmi/rrtf www.gsi.de/emmi

Information More about EMMI
www.gsi.de/emmi/rrtf www.gsi.de/emmi
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Recent RRTFs

ExtreMe Matter Institute EMMI

ExtreMe Matter Institute EMMI

EMMI RRTF

Dynamics of critical fluctuations:

theory — phenomenology — heavy-ion collisions

GSI, Darmstadt, Germany

April 8-12, 2019

Topics:

- dynamical modelling of critical fluctuations in QCD

- coupling of the critical dynamics to the bulk evolution in HIC

- proper treatment of the order parameter(s) in and out of the scaling region
- experimental observables and challenges

- connection with cold atomic gases at phase transitions

Information:
www.gsi.de/emmi/workshops

HELMHOLTZ

RESEARCH FOR GRAND CHALLENGES

Organizers:

Marcus Bluhm, Subatech
Alexander Kalweit, CERN
Marlene Nahrgang, Subatech

More about EMMI:
www.gsi.de/emmi

EMMI Rapid Reaction Task Force

Nuclear Physics Confronts
Relativistic Collisions of Isobars

Heidelberg University, Germany, May 30 — June 3 & October 12 — 14, 2022

High-energy collisions of the A=96 isobars %Zr and %Ru have been performed in 2018 at the Relativistic Heavy lon Collider (RHIC)
as a means to probe effects of local parity violation in the strong sector, that would manifest as deviations from unity in the ratio of
observables taken between %Zr+%Zr and %Ru+9%Ru collisions. Recently released measurements of such ratios reveal deviations
from unity. However, such observations are primarily caused by the two collided isobars having different radial profiles and intrinsic
deformations. To make progress in understanding RHIC data, we will gather nuclear physicists across the energy spectrum to
answer the following question: Does the combined effort of state-of-the-art low-energy nuclear structure physics and high-energy
heavy-ion physics allow us to understand the observations made in isobar collisions at RHIC?

Federica Capellino
Hannah Elfner
Frédérique Grassi
Eduardo Grossi

Jan Hammelmann
Andreas Kirchner
Matthew Luzum

Jaki Noronha-Hostler
Jean-Yves Ollitrault
Nils SaR

Bjorn Schenke

Chun Shen

Huichao Song
Derek Teaney

Wilke van der Schee

Anatoli Afanasjev
Benjamin Bally
Jean-Paul Ebran
Dean Lee
Tamara Niksi¢
Takaharu Otsuka
Luis Robledo
Tomas Rodriguez
Wouter Ryssens
Yusuke Tsunoda

Information:
www.gsi.de/emmi/rrtf
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More about EMMI:
www.gsi.de/femmi
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Publication: from RRTF

Contents lists available at ScienceDirect

PHYSICS LETTERS B

Physics Letters B

www.elsevier.com/locate/physletb

New test of modulated electron capture decay of hydrogen-like #°Pm g
ions: Precision measurement of purely exponential decay e

F.C. Ozturk®*, B. Akkus?, D. Atanasov”, H. Beyer ¢, F. Bosch, D. Boutin®¢, C. Brandau “,
P. Biihler ¢, R.B. Cakirli?, RJ. Chen®", W.D. Chen™!, X.C. Chen®", I. Dillmann/,

C. Dimopoulou ¢, W. Enders ¢, H.G. Essel ¢, T. Faestermann ¥, O. Forstner', B.S. Gao “",

H. Geissel ¢, R. Gernhiduser ¥, R.E. Grisenti©™, A. Gumberidze ¢, S. Hagmann ©™,

T. Heftrich™, M. Heil ¢, M.O. Herdrich'!, P.-M. Hillenbrand ¢, T. Izumikawa", P. Kienle !,

C. Klaushofer £, C. Kleffner ¢, C. Kozhuharov¢, R.K. Knoébel ©¢, 0. Kovalenko®¢, S. Kreim®,

T. Kiihl ¢, C. Lederer-Woods °, M. Lestinsky ¢, S.A. Litvinov ¢, Yu.A. Litvinov “*, Z. Liu",

X.W. Ma", L. Maier¥, B. Mei™, H. MiuraP®, I. Mukha®, A. Najafi¥, D. Nagae 9, T. NishimuraP,
C. Nociforo €, F. Nolden €, T. Ohtsubo’, Y. Oktem ¢, S. OmikaP?, A. Ozawa, N. Petridis €,

J. Piotrowski*, R. Reifarth™, J. Rossbach €, R. Sanchez ¢, M.S. Sanjari €, C. Scheidenberger €,
R.S. Sidhu¢, H. Simon¢, U. Spillmann ¢, M. Steck ¢, Th. Stéhlker ©"f, B.H. Sun", L.A. Susam?,
F. SuzakiP-¥, T. SuzukiP, S.Yu. Torilov", C. Trageser “!, M. Trassinelli*, S. Trotsenko !,

X.L. Tu®", PM. Walker?, M. Wang", G. Weber !, H. Weick¢, N. Winckler ¢,

D.FA. Winters©, PJ. Woods°, T. YamaguchiP, X.D. Xu", X.L. Yan", J.C. Yang", Y,J. Yuan",
Y.H. Zhang™?, X.H. Zhou" and the FRS-ESR, ILIMA, SPARC, and TBWD Collaborations



ExtreMe Matter Institute EMMI

Call for Proposals
EMMI Workshops, Programs, Rapid Reaction Task Forces

The ExtreMe Matter Institute EMMI invites proposals for
workshops, programs, and Rapid Reaction Task Forces
In the research areas of EMMI:

- quark gluon plasma, phase diagram of strongly interacting matter,
and hadron physics

- structure and dynamics of neutron-rich systems

- electromagnetic plasmas of high energy density

- ultracold quantum gases and extreme states in atomic physics

all understood in a broad sense.

Further information at www.gsi.de/emmi
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