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A special moment for Nuclear
Physics F-\'R =51

jAétmﬁﬁysics- Simulation

But also “Nuclear Physics in Everyday Life”... space, energy, medicine...

https://www.nupecc.org/pub/np life web.pdf
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GSI: a historic lab, over 50 years old F-\IR =

13 14 15 16 17

Bohrium Hassium Meitnerium  Darmstadtium Roentgeniu  Copernicium
m

Tumor therapy with carbon ions:

Discovery of new elements:

In total, six new chemical elements added to the periodic Precise, gentle and susscessful: more than 90% cure rate
table Treatment of 440 patients at GSI

Investigation of the physical and chemical properties of Transfer to clinical application, among others in

superheavy elements Heidelberg and Marburg
At GSI: Research and further development
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FAIR: Facility for Antiproton and lon Research

FAR m=mx

4 - e i ESFRI Landmark
R Top priority for European
Nuclear Physics Community

Driver for Innovation in
’ Science and Technology

MNP -
ZAINS

Finland France German \ India Polan'd Romania Russia Slovenia Sweden United Kingdom Czech Republic



FAIR: A World Lab FAR z=mu

[ Shareholders
Associated partner
Aspirant partner

B Collaborative partners

9 international FAIR Shareholders ™™
1 Associated Partner (United Kingdom) —=

1 Aspirant Partner Czech Republic (Since 2018)
Participation of 3.000 scientists from all continents
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Creating extreme
conditions existing in
the universe with
heavy ion accelerators

Aires) etal.; A. Loll etal.; T. Temim et al.; F.

ity of Buenos

rsity (unten)

Seward et al.; VLA/NRAO/AUI/NSF; Chandra/CXC; Spitzer/JPL-Caltech; XMM-Newton/ESA; and Hubble/STScl

Foto: NASA, ESA, G. Dubner (IAFE, CONICET-Univers

(oben), Penn State Univel

To find answers to fundamental questions about the Universe :
The universe in the lab ...



Where are heavy
elements created? .
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“Whatisin the
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neutron star’?

How do materlals
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.. with direct applications F'\‘R IS
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High-performance and scientific computing, Space radlatlon protection, unique facility fo
big data, green IT S|mulat|on 7 collaboratlon W|th ESA

1

Wy,

Development of nuclear clock: Novel appllcatlons for tumor and non-tumor
Promising candidate thorium-229 diseases




The FAIR science: four pillars F-\'R =1

B . o atomic physics, biophysics,

g plasma physics, material research APPA
!:ig‘;:if:mg d

g 00:; . Quarks and Gl

: \;;,::M nuclear- and quark-matter CB 117/

FA

nuclear structure and

nuclear astrophysics NuSTAR

o i . hadron structure and dynamics PANDA




FAIR Construction F.\|R === 1
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FAIR Highlights- Civil Construction

FAR m=mx
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FAIR Highlights- Civil Construction
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FAR m=mx

FAIR Highlights - Civil Construction
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Civil Construction F-\|R =

»
Movie via fair-center.eu or
https://www.youtube.com/watch?v=AfeGl4JkQIE

BF - SO N



https://fair-center.eu/

Accelerators: delivery of
components continues steadily

» Storage area: approx. 9.900 m?

> 4.195 objects (Components,
assemblies, boxes, etc.)

> 50% of SIS100 components stored §

FAIR GmbH | GSI GmbH
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FAIR construction highlights F-\lR === 1I
Q4-2023

Start of cable pulling work

FAIR GmbH | GSI GmbH



FAIR construction highlights F-\lR =

F

September 2023

String Test SIS100 — pressure test successfully

passed and cold test in progress.

September 2023

Linde Cryo facility assembly work is
finished. Start of Commissioning in

2025.
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FAIR construction highlights F-\lR =3

Januar 2024

Start Montage

First SIS100 Power Supply Units (PSU) installed in the

FAIR GmbH | GSI GmbH



Status of FAIR Accelerators F_\'R == I

Start of installation at four locations in 2024

FAIR GmbH | GSI GmbH



Experiment Construction F-\lR ==
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FAIR 2028 F'\IR === 1L

APPA Laser

[mm===_ First Science +
Emm—— Next steps
= MSV completion

after 2028

Continuation of

APPA, NUSTAR and
APPA, CBM and

PANDA investigate
NUSTAR options for further
experiments in ? CBM cave experiments at green
existing facility ready for beam . lines
SIS100 ready APPA cave .
for beam ready for beam PANDA@HESR
* start of operation
LEB ready
Early-5cience for beam
RN
S-Ffli Sr Lfadrz First Science . )
First Science+ First| Science++ MSV
B |
FAIR Phase-0
2024 2025 2026

=
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SIS100
~ —_—— e
~— : CBM
‘-,_‘.._77 3 /
[ First Science + after 2028
Emm—— Next steps
R MSV completion
CRYRING, ESR and q
HITRAP are =
operational
? CBM cave experlmgnts at green
ready for beam s lines
More than 90% of the HESR components SIS100 ready ;*QZZA Fj:ieam .
Are ready and tested. for beam ! PANDA@HESR
For the CR a solution using COSY and the 1 ee ready start of operation
old CERN Antiproton Accumulator is under study Early-Science for beam
RN
S-Ffli Sr Lfadrz First Science ) )
First Science+ First Science++ MSV
N
FAIR Phase-0
2024 2025 2026

=

=]

FAIR STORAGE RINGS F'\IR === 1L

APPA Laser ——
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Ongoing: Early science program

FAIR Phase-0 FAIR ==

» Started in 2019, annual runs of up to 90 % speed of light
~110 days until FAIR operation
* heavy-ion

synchrotron
SIS 18

lon species: H*,..., U%2*

linear
accelerator M-branch

UNILAC
Fragment Separator

= HHT

lon n 8 e f )
sources [ storage ring ESR
8 % - 15 % speed of light
X
SH
e AiITrRAP HADES

Cave AD> miniCBM

R3B
CRYRING

Science while commissioning FAIR
2021 and 2022 runs completed as planned
The program will continue in the coming years

Up to 2025 we continue with FAIR Phase-0, from 2026 onwards we enter the mixed-
mode with the commissioning of the new beamlines

FAIR GmbH | GSI GmbH
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Beamtime proposals 2022

124 proposals submitted (to
all 4 PACs: G-PAC, Mat-
PAC, Bio-PAC and PPAC)

« 1729 participants of
proposals

* From institutes in 45
countries (15% internal
users)

« Committee evaluation took
place in September 2022

« Beamtime granted in
October 2022

FAIR GmbH | GSI GmbH

Others
14.4%
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FAIR/GSI strategic operation scenario towards FS+

Q&

0 Acc.
Operation

Physics
beam time/
ors

FAIR GmbH | GSI
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FAR z=x
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O K

ccelerator Components

’ FAIR Hardware
Commissjoning

FCC OP ready

UNILAC CS ready | R

ly science (ES) 2>
first scjence (FS) >

FAIR Beam Commissioning

’PCTD reached

\ \ \
SIS18 - SFRS = NUSTAR
SIS100 > SFRS >

 NUSTAR
first science + (FS+) 2> SIS100 —> CBM
UNILAC = EH, SIS18 = TH, EX, FRS, ESR = HITRAP, Cryring
202 202 202 202 202 202 202 203
3 4 5 6 B 8 9 0 ‘
FAIR Phase Early Early Science & First
0 Science Science+
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NUSTAR:
DESPEC set-ups prepared for Phase-0 and ready for ES/FS F-\IR |

| ]' ”rl’

pe e i gl

pras £ ’() “ﬁE:

BRIKEN 7; ' ;

4, § ‘ e . / \ "“-J‘I{ \ = -
DESPEC High-resolution set-up with DESPEC High-efficiency set-up with the
novel DEGAS Ge detectors DTAS Total Absorption Spectrometer

Pt, I, Os chain  207Au,,, Os, Re to 209] 1, 0q

up to N=127 205Pt, 57 N=129 2030s,,,
201W127

T, & B- Full B—y T, & B- Full B—y

delayed n spectros. delayed n spectros.

emission emission
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NUSTAR:
R3B set-ups prepared for Phase-0 ready for ES/FSF _\|R == II

R3B experimental setup for complete kinematics measurements

Beam of 22U at 560A MeV r‘,5‘(,, GLAD dipole magnet NeuLand
¢, Sitracker (O \g\\) T

. NI > .‘g\&«@(\ v
A | ——
37@ i %< { '''''

l‘\"\_‘-““ bl iilamy ==
D Protons  14° ~.Fragments
¢ CALIFA i ~
N\‘\
CALorimeter for In-Flight detection of y-rays
and high energy charged pArticles
: B PTTT \\3(-’&%\\\ Ve By
“‘«é o Magnetic field: 4T

¢ CALIFA and Si-tracker: Proton momenta and ~-rays
Energy res. protons(gamma) 1%(5% at 1 MeV), Position res. 70um

¢ MUSIC, ToF wall and MWPC detectors: Fission fragments
AZ~0.37 , ToF~40ps, Position res. 200um (FWHM)

e NeuLand: Neutron multiplicities (max. 10 neutrons)

FAIR GmbH | GSI
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Experiment Installations and Testing at CRYRING

CARME spectrometer E- transversal target

O VERPOSL

! Science & Technology
- Facilities Council

SPOMSORED BY THE

* Federal Ministry
of Education
and Research

v" Installation in ring of the forward part. v" The upper part is installed in the ring and
v Ready for first experiments. ready backing and vacuum test.
v System installed and ready for experiments.

FAIR GmbH | GSI GmbH

FAIR &

Gas-Jet target

v Two successful experimen
beam on N, and He.

v Target areal densities ofu
at target width of Ax =1 m



CBM in Phase-0: mCBM FAIR ==

During the last campaign, mCBM was successfully tested with the highest
collision rates available in FAIR Phase-0

Customised chain of electronics to process and transfer the data of
all subsystems to the final data processing proven its capability

at GS|'SIS18* &P

DAQ container

CRI (PCle)
@ FLES
entry
nodes

optical
fibers
50m

FLES
processing

“ X nodes
TEC | Timeslice Building |
(CRIbased) ¢ | }_ ______
triggerless- CRI 1FP GA | Event :
streaming FEE | 0 m siice building | 300m 3 _R_‘*E"Z”_S*t_”ic_“‘_”l )

. m pSlice

assignin GBTx - — Fo oSt
" gt g Copper optical optical Green i Event Selection |
ime s ?mps FLES entry nodes | mfinigand IT T v
to hits Cube | Archiving
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TRD2D hit

mCBM: Data analysis in progress

FAIR |

Ni + Ni collisions at 1.93 AGeV o

data-driven detector alignment

e a0
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60
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mpc:;ﬁznzz 40 TR0
m
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l 0 [ i] ToF -20 e B
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-60
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10 S — 25 . e _CD A —Same event
TRK=STS+ToF | | [ TRK=STS + ToF | - :
8 : 20 >_ L Mixed event

Xmmpzo (€M)
o

4
—4
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_gHi

_Qkua Pl b by by b b by _25 ol b b b b b e b

-0 8 -6 -4 -2 0 2 4 6 8 25 20 -15 -10 -5 0 &5 10 15 20 25
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STS-TOF track — intersection in TRD2D plane
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—Same - Mixed
Mean 1.1159 GeV
Width 7.2511 MeV
Signal 513

S/B 6.565

Sgnf 21.10

Prob 1.01e-06

1.1

1.15 1.2 125
M., [GeV]



FAIR: Unique Opportunities .. . & Challenges




Example: PRIOR Il, Proton Microscope

Proton radiography

Upgrade with new PRIOR magnets
complete

Commissioning in February 2021
Achieved resolutions

spatial 20 pm

in time 10 ns

FAIR

FAIR GmbH | GSI GmbH
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Chemical properties of element 114,
Flerovium F-\'R S

Flerovium: heaviest element with experimentally studied chemical properties
Eight registered atoms in three beamtimes of total 2.5 months duration

Volatility:
Rn > Fl > Hg >> Pb

Production:
244Py(*8Ca,3-4n)

Reactivity:

Rn < Fl < Hg << Pb

o o Fl is the most volatile
Chemical study anc’l 40 WSS COMPACT detectorarrays ™ metal in the periodic table
detection;: COMPACT 30 QT T

20
10
A. Yakushev et al., 0

Front. Chem. 10 (2022) 976635

Yield, %

T, °C GEFORDERT VOM

- _ '> 0 & Bundesministerium
L .50 A~ | fiir Bildung
N

und Forschung

sio,

Atoms hitting a reactive site (grain boundary etc.)
on the inhomogeneous Au surface bind like Hg

Other atoms reach location of Rn adsorption

FAIR GmbH | GSI GmbH o




Ground-breaking experiment opening way
for nuclear astrophysics experiments at
FAIR with ESR F-\lR === 1

FAIR

E127: Proton-capture rates for
nuclear astrophysics:

First reaction study on stored radio-
beam at low energies

Study of radioactive "'8Te (6 days
half-life)

production, storage, accumulation and
deceleration in FRS-ESR

proton-capture measurements
realized at 7 MeV/u and 6 MeV/u

New background-free detection
method demonstrated

12 6
i 4 ical P
On : 14 \,e\—\\c

S5 e
o™ 6
background /
removal

“ s Federal Ministry
\J> ﬁ l of Education

@ - GOETHE Hl JENA el Education
ASTRUm ) @ ﬂ N B G UNIVERSITAT  HELMHOLTZ BEAS and Researc|
— FRANKFURT AM MAIN i oimnohz nstitut Jena

0_

Jan Glorius et al. I= == 1L
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Research highlight
FLASH radiotherapy F-\lR ==

FLASH Radiotherapy, is a novel approach of RT et e R
using ultra-high dose rate aiming to get clinical oncology
unchanged tumor control protection (TCP)
and decreased normal tissue complication
probability (NTCP).

GSI has demonstrated for the first time that the
FLASH effect can be obtained with accelerated
carbon ions (18 Gy in one spill of 150 ms) paving
the way to clinical translation in particle therapy

The paper made the cover of the prestiogious
Nature Reviews Clinical Oncology S bl A nuanced perspective on

T cell exhaustion
Implications of a complex phenotype
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Materials Research
3d, highly interconnected nanowire networks F-\lR === 1

3D nanowire networks with high

® ¢ surface area for catalytical applications
L B . TR
T g ON TTECSNON NS K Copper nanowire-electrodes:
—lp TINNI /N . .
INIK RN CO, reduction and formation of

| Chemical etching /0 23

commodity chemicals

Ulrich et al, ACS Applied Nano Materials 6 (2023) 4190-4200 g

Advantages:

» Tailored nanowire density and diameter

» Excellent interconnectivity

» Surface area network > 500 larger than planar
« High current densities

» Excellent stability during performance

Lietal, RSC Advances 13 (2023) 4721-4728
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Why FAIR? (... just SOME of the questions) Fl|R muz 1

Periodic Table of the Elements ..

15 billion year:
1 billion years - 20K
Parindic Tahla of tha Flamants viia 300.000 years o -1 3.000 K
=X
®
L
=%
=
' & 9
3 minutes |~ - 10" K
i1 thousandth of a second |- - 10"k
v

Where and how were the heavy elements
made in the universe? < One of the top unanswered questions in Physics

FAIR GmbH | GSI GmbH



h+ at 20 Mpc

Neutron star mergers and their role for
the production of heavy elements .... F.“R CSI

g 107% . 1.35-j .35 Msgn ‘ : — ‘ :
. Neutron starmerger =
6f p % VN 3 4 o —
-1.3 3

41 H Ringdown -t
ol | 2

= Theor. prediction by e E
o - Metzger, Martinez-Pinedo, :
ol - Arcones et al. (2010) 0.'I
- E Cowperthwaite, et al. (2017) :
m L Kilonova observations

. - . . L ! ' T | ) ! L ! PR S
_|Inspiral . | ‘ i e e 1 10
0 5 10 5 20 = Copyright: Dana Berry, SkyWorks Digitalyinc Time (days)

t [ms]

Gravitational wave signal Elektromagnetic “Kilonova”-Signal

Electromagnetic afterglow - "Kilonova-lightcurve" - reveals
that heavy elements, e.g. Au and Pt, were produced (r-proces:
as predicted by GSI theorists.
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Neutron Stars and Mergers vs Hl collisions F _\‘R =1

Neutron stars Neutron star merger

Temperature Temperature
T <10 MeV T <50 MeV
Density Density
p <10 p, p<2-6pg
Lifetime Reaction time
i (GW170817)
T ~ infinity T =10 e
Heavy ion collisions at SIS100 Temperature
o . T <120 MeV
?" Density
“
¢ P < 8pg
L
Reaction time
t~102s

Compressed Baryonic Matter
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