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Major GSIDiscoveries
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Innovation incancertherapy
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Forefront Technologies F-\lR == 1

Applicationsin acceleratorisciencedetectorinstrumentation
materialsresearchradiation biology therapy
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Forefront Technologies F-\lR == 1
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Technological advancements in higlerformance & scientific
computing, Big Data, Green IT
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FAIR T World-Wide Unique
Accelerator Facility F-\lR === 1

ESFRI Landmark

Top priority for European
Nuclear Physics Communi




A Talent Factory F-\lR === 1l

A unique capabilityto attract and create
talent and know-how.

Trainingand educationof the next
generationof scientists engineersand
computingexpertsfrom all over the world:

Graduate Schoolsith currentlymore than
300doctoralstudentsfrom all overthe
world

InternationalPostdod®rograms
Multiple trainingprogramsfor students

Bilateral Agreementwith severalcountries
for exchangeof scientistsandeducationof
youngresearcherandengineerse.g.
French GermagfooperatiomPAgreement
DSMCEA/IN2P8 GSI/FAIR

FAIR GmbH | GSI GmbH 8



FAIRc TheFacility FAR ==nu
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FAIRC TheFacility

FAIR

... accelerates particle beams from
(anti)protons up to uranium ions with

very high intensities
up to a factor of ~100 increase for primary
Uranium beams (~ 5 x 1011 U28* jons /s),
up to a factor of ~10.000 increase for secondary
rare isotope beams

high pulse power (up to ~ 50 kJ /50 ns)

suite of storage cooler rings equipped with
stochastic and electron cooling for brilliant
beam quality

.. develops and exploits innovative particle
separation and detection methods, as well as
novel computing techniques

.. to perform forefront experiments
towards the production and
investigation of

New Extreme States of Matter.

or

FAR m=mx

Ringaccelerator
SIS100
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FAIRC four research pillars FAR ==
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FourScientificCollaborations F-\lR == I

APPA

CBM

NUSTAR

PANDA

FAIR GmbH | GSI GmbH

Atomic Physics and Fundamental Symmetries,
Plasma Physics,

Materials Research,

Radiation Biology,

Cancer Therapy with lon Beams / Space Res.

Dense and Hot Nuclear Matter

Nuclear Structure far off stability,
Physics of Explosive Nucleosynthesis
(r process)

Hadron Structure & Dynamics with cooled antiproton
beams

12



FAIR: International Cooperation F-\lR == 1

Realization and operation in international cooperation
Nine international shareholders
Participation of 3.000 scientists from all continents

FAIR GmbH | GSI GmbH FAIR/GSI at VF Strategy, Paolo Giubellino 13



Challenges ané@Priorities
In the Forthcoming Years F-\lR == 1

Build FAIR andevelop GSI for
FAIR In time and tobudget

Making FAIR a success requires:

a strong host laboratory with worid
class facilities and a leading role in
the international scientific arena

a vibrantscientificcommunity, in
particular young researchers,
performing a firsiclass intermediate
research program

a modern campus with appropriate
infrastructure for the employees and
the international users

Construction
of FAIR

FAIR GmbH | GSI GmbH 14



Important Achievements in 2015/2016 FAR ==

After critical project review successful
restart in 2015 and 2016

Comprehensiveivil constructionplan:

completion of albuildings
by 2022

Fullintegrated planning for
constructionand commissioning
of the entire project:

completionand commissioning
of the full FAIR facility by 2025

Work is goingon:
Groundbreaking for Synchrotron
tunnel on 4 July 2017 !

FAIR GmbH | GSI GmbH 15



Integrated Project Time ScheduleLevel 1.
FAIR Buildings, Accelerators & Experiments F-\|R = [

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026
Name w Duration - Start ~« Finish w |H1 H2 H1 H2 H1 H2 H1 H2 | H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2
Bl Level 1- FAIR Integrated Master Schedule 08.08.2008 [11.12.2025 | 11225
! < FAIR Buildings 72,1 mons 08.06.2017 16.12.2022 FAIR Buildings T 161222
2 > T110 515100 68,75 mons 08.06.2017 16.12.2022 T110 SIS100 [ 16.12.22
n » G004 Transfer Building/T104N Transfer SIS100/T112N Trar 62,55 mons 29.11.2017 16.12.2022 ansfertunnel SI5100/300.CBM [ 16.12.22
20 » GO17A Cryo Compressor Building 43,25 mons 27.06.2019 16.12.2022 GO17A Cryo G Building T 16.12.22
29 © G017.1 Main Supply Building North 45,6 mons 23.04.2019 16.12.2022 G017.1 Main Supply Building North T 16.12.22
36 © G014 CBM/T112S Transfertunnel SIS100-CBM 48,75 mons 24.01.2019 16.12.2022 14 CBM/T112S Translertunnel SIS100.CBM T 16.12.22
45 * GDO4A Transfer Supply/T101 Transfer Line 5IS18 30,4 mons 08.07.2020 16.12.2022 GO04A Transfer Supply/T101 Transfer Line SIS18 [ 16.12.22
54 * G018 SFRS/T103N Transfer SFRS-Experimente/T113N Tran 39 mons 24.10.2019 16.12.2022 300-Experiments/T104S Transfer SIS 100/300-SFRS [———— | 16122
64 » G020 p-linac 26,5 mons 26.10.2020 16.12.2022 GO0 plinac 1 161222
73 > G017.2 Main Supply Building South/G006 SFRS HE-Cave/G 49,55 mons 17.12.2018 16.12.2022 rerimente/G050 APPA/GO0GC pbar-Target | 16.12.22
88 - G007 CR/T106 Transfer CR-HESR 47,55 mons 27.02.2019 16.12.2022 G007 CRIT106 Transfer CRHESR. T 16.12.22
97 - G009 HESR PANDA/T108 HESR 34,4 mons 18.03.2020 16.12.2022 G003 HESR PANDA/T108 HESR ————— 1 161222
107 - G021 Storage 21,65 mons 01.04.2021 16.12.2022 GO21 Storage [— | 16.12.22
oo > 6120 Supply Line 32,6 mons. 07.05.2020 16.12.2022 G120 Supply Line [ ] 161222
o
=% +81S100 174,17 mons 17.10.2011 20.02.2025 1 200223
=121 > 515 100 procurement phase 128,25 mons 17.10.2011 13.08.2021 1 13.08.21
126 > SIS 100 il ion into tunnel, issioning without beam phase 45,6 mons 31.12.2020 28.06.2024 D0 i ion into tunnel, issioning without beam phase | 1 28.06.24
132 > $15100 commissioning with beam 8,42 mons 28.06.2024 20.02.2025 515100 commissioning with beam | 1 20.02.25
¥ s SuperFRS 143,92 mons 02.06.2014 12.06.2025 1 120625
136 > SuperFRS procurement phase 114,45 mons 02.06.2014 09.03.2023 1 09.03.23
41 > SuperFRS i ion into tunnel, issioning without beam 30,4 mons 06.10.2021 02.02.2024 SuperFRS i ion into tunnel, issioning without beam T 1 02.02.24
148 > SuperFRS commissioning with beam 17,67 mons. 02.02.2024 12.06.2025 SuperFRS commissioning with beam | 1 12.06.25
#1 spLINAC 192,43 mons 06.01.2011 08.10.2025 1 08.10.25
152 ac procurement phase 138,2 mons. 06.01.2011 11.08.2021 1 11.08.21
157 > pLinac installation + commissioning with beam 15 mons 25.10.2021 16.12.2022 pLinac i fion + issioning with beam | 16.12.22
161 plLinac installation after HBO, commissioning with beam 36,63 mons 19.12 2022 08.10 2025 pLinac i ion after HBO, issioning with beam | 08.10.25
6
62 | s p-bar separator 150,5mons  05.09.2013 20.03.2025 1 200325
163 > p-bar procurement phase 103,93 mons 05.09.2013 24.08.2021 1 24.08.21
168 > p-bar i ion into tunnel, issioning without beam phase 34,34 mons 24.08.2021 10.04.2024 p-bar i ion into tunnel, issioning without beam phase [ | 10.04.24
174 12 78 mons. 10 0d 2024 20 0% 205 n.har issioning with heam I 1 2000325
" s Collector Rin 183,57 mons 24.08.2011 18.09.2025 1 180925
5
178 » CR procurement phase 134,85 mons 24.08.2011 24.12.201 1 24121
183 » CR il ion into tunnel, issioning without beam 28,05 mons 16.06.2021 09.08.2023 CRil ion into tunnel, issioning withoutbeam [ ] 09.08.23
188 CR commissioning with beam 27,51 mons 09.08.2023 18.09.2025 CR commissioning with beam | | 18.09.25
¥ | «HESR 218,02 mons 26.03.2009 11.12.2025 1 1142.25
192 » HESR procurement phase 113,8 mons 26.03.2009 15.12.2017 - 1 1512171
197 > HESR il ion into tunnel, issioning without beam 20,1 mons 18.11.2021 02.06.2023 HESR i ion into tunnel, issioning without beam | 1 02.06.23
203 » HESR commissioning with beam 32,92 mons 02.06.2023 11.12.2025 HESR commissioning with beam | 1 11.12.25
6
26 “HEBT 138,77 mons 02.01.2014 22.08.2024 1 220824
207 » HEBTprocurement phase 92,8 mons. 02.01.2014 11.02.2021 1 11.02.21
:\ 224 » HEBT installation and commissioning without beam 45,52 mons 25.02.201 22.08.2024 llation and commissioning without beam [ 1 22.08.24
fr]
=% «CBM 152,67 mons 08.07.2013 20.03.2025 1 200325
= o4 » CBM procurement phase 130,25 mons 08.07.2013 30.06.2023 1 30.06.23
245 » CBM installation and commissioning without beam 33,55 mons 01.12.2021 26.06.2024 CBM i ion and issioning without beam [ 1 26.06.24
250 » CBM commissioning with beam 9,52 mons 26.06.2024 20.03.2025 CBM commissioning with beam | 1 20.03.25
#3 < APPA 199,07 mons 16.12.2009 20.03.2025 1 20032
254 » APPA procurement phase 172,65 mons 16.12.2009 10.03.2023 1 10.03.23
259 » APPA i ion into tunnel, issioning without beam 36,6 mons 31.12.2020 20.10.2023 APPA i ion| i tunnel, issioning without beam | 1 20.10.23
271 » APPA commissioning with beam 18,42 mons 20.10.2023 20.03.2025 APPA commissioning with beam | | 20.03.25
7
7| < NUSTAR 141,17 mons 15.09.2014 10.07.2025 1 10.07.25
275 > NUSTAR procurement phase 120 mons 15.09.2014 27.11.2023 1 271.11.23
278 > NUSTAR installation into cave or tunnel phase 38,85 mons 17.06.2021 07.06.2024 NUSTAR installation into cave or tunnel phase [ | 07.06.24
288 > NUSTAR commissioning with beam 14,17 mons 07.06.2024 10.07.2025 NUSTAR issioning with beam | 1 10.07.25
1| +PANDA 226,22 mons 08.08.2008 11.12.2025 1 1Az
292 » PANDA procurement phase 173,1 mons 08.08.2008 15.11.2021 1 15.11.21
297 » PANDA installation and commissioning without beam 26,2 mons 19.10.2021 20.10.2023 PANDA i ion and issioning without beam [ 1 20.10.23
303 » PANDA commissioning with beam 27,92 mons 20.10.2023 11.12.2025 PANDA commissioning with beam | 1 111225

FAIR GmbH | GSI GmbH 16



Integrated Project Time ScheduleLevel 1.
FAIR Buildings, Accelerators & Experiments F-\|R = [
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Il Lecvel 1- FAIR Integrated Master Schedule os 8.2008 (11.12.2025 | 11225
! < FAIR Buildings 72,1 mons 08.06.2017 16.12.2022 FAIR Buildings T 161222
2 > T110 SI1S100 68,75 mons 08.06.2017 16.12.2022 T110 sigt00 16.12.22
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136 > SuperFRS procurement phase 114,45 mons 02.06.2014 09.03.2023 1 .03.23
41 > SuperFRS i ion into tunnel, issioning without beam 30,4 mons 06.10.2021 02.02.2024 SuperFRS i ion into tunnel, issioning without beam 1 02.02.24
148 > SuperFRS commissioning with beam 17,67 mons. 02.02.2024 12.06.2025 SuperFRS cﬁ rqi with bsﬁ} 1 12.06.25
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= o4 » CBM procurement phase 130,25 mons 08.07.2013 30.06.2023 - — - i 838.06.23
245 » CBM installation and commissioning without beam 33,55 mons 01.12.2021 26.06.2024 CBM i ion and issioning without beam [ 1 26.06.24
250 » CBM commissioning with beam 9,52 mons 26.06.2024 20.03.2025 CBM commissioning with beam | 1 20.03.25
#3 < APPA 199,07 mons 16.12.2009 20.03.2025 1 /9N 1 20032
254 » APPA procurement phase 172,65 mons 16.12.2009 10.03.2023 0343
259 » APPA i ion into tunnel, issioning without beam 36,6 mons 31.12.2020 20.10.2023 APPA i ion| i tunnel, issioning without beam .110.23
271 » APPA commissioning with beam 18,42 mons 20.10.2023 20.03.2025 APPA commissioning wii beam | | 20.03.25
7
7| < NUSTAR 141,17 mons 15.09.2014 10.07.2025 1 10.07.25
275 > NUSTAR procurement phase 120 mons 15.09.2014 27.11.2023 |r L 7.11.23
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1| +PANDA 226,22 mons 08.08.2008 11.12.2025 1 1Az
292 » PANDA procurement phase 173,1 mons 08.08.2008 15.11.2021 1 15.11.21
297 » PANDA installation and commissioning without beam 26,2 mons 19.10.2021 20.10.2023 PANDA i ion and issioning without beam | 1 20.10.23
303 » PANDA commissioning with beam 27,92 mons 20.10.2023 11.12.2025 PANDA commissioning with beam | 1 111225
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Procurement of FAIR components
is in full swing ... FAR ==

Accelerator and detector contributions from many different partner institutions

FAIR GmbH | GSI GmbH 18



FAR m=mx

The experiments advance!

19



FAIR

Hom fundamental to applied research ¢
Atomic physics PlasmaPhysicsApplication

APPA

20



Atomic& Funaamental Physics

Interplay between Relativity, Correlation, and QED in the Non-Perturbative Regime

h 131 A

A Radiative corrections in the non-perturbative regime

A Correlated multi-body dynamics for atoms and ions

A Precision determination of fundamental constants

A Influence of atomic structure on nuclear decay properties

Ultrashort Pulses
“sub-attosecond”

Transfer Excitation lonization

Free Pair Production

e? r

|
-——————————o-
|Negative Energy Continuum | et

1 10 20 30 40 50 60 70 B0 90

MNuclear Charae 7



lonBeam Facilties/ Trapping& Storage

Stored and Cooled

Worldwide Highly-Charged lons (e.g. U%2+) and Exotic Nuclei
From Rest to Relativistic Energies (up to 4.9 GeV/u)

Unigque
4 PO s . . .
10" 5 o } _Cooling: The Key for Precision
10° - ‘ @ — 5| e
A . a— - i .9'08_ Dp/p = 10 1
10 g 7N
z S
% 100 = E s \ .\—— _0!0.0;88 0,91 0,94 0,97 :}Of() 1,03 1,06 1,09 112
S, 7'\ ) @mj Aergy v 0
i ‘ ﬁg@nﬁ From Single lons to Highest Intensities
::J’10-2_ 3 a5 ESR, CRYRING and gs —— “m
E 4| E HITRAP will be y | e
s = ) . £ 40 e = 3.37MeV 192 11 81+ o E
d195{|| * ** operationalin 2018 i
16 1%y and push the = | g i

128200
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Recent oprecision highlightOo

Precision determination of HFS +ahktl Lilike Bismuth ions

ESR storage cooler ringart of FAIR facility | | AMeasurement of hyperfine splittings
in hydrogen-like and lithium-like
(g bismuth 209Bi82+80+ gllows to
disentangle QED and nuclear
effects.

3x UV PMTs

ANew ESR measurement has
improved the precision by more
than one order of magnitude.

ANew experimental result (blue)
shows a 7-0 discrepancy compared
to the theoretical QED prediction

(red).
c
A'E = AE®S) — gAE(1S +—a— This work 2017
[ ] Lochmann 2014
& Volotka 2012
+——— Shabaev 2001
T ; T I T y T ! T ’ |
-61.8 —-61.6 -61.4 —-61.2 -61.0 -60.8
A’E (meV) J Ulimann et al., Nature Communications 8, 15484 (2017
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FAIR will offer exctingnewpaossibilitiesforreseartiin

High-Energy Density Science
Unique propertiesof heavy-ion driven plasmas Protonsasdense matter probe
A large volumes (mm?) U@350 MeV u A Longrange (~m) of relativistic protons

A uniform conditions Target: W , A High-resdution imagngof smallande
A ->thermal equilibrium deflection A acaurate density meas.
A anytarget material A Ultra-intense proton pulses allow for
A rep. rate, reproducibility short (~1(ns) time exposure

" ==ill=Carbon
Aluminium
== Copper

7_ = Lead

w
o
!

-
o

N
o

A probing of large,
dense samples!

stoppingrange[m]

0.1 ‘ | 0 T ‘ T ‘
9S8 9S100 9S100 0 20 40 60 80

(upgrade) (Day-1) (full performance) tar g az

A FAIRwill producethe worldslargest volumesof uniform HED matter
(x100increase in specific energy depostion over GS)
A FAIRwill host the worldshighest resdution proton microscope
24
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BIO-MAT Researhtopicsat FAIR

A Space radiation biophysics

A Biological effects of very high
energetic ions

A Shielding measures: new
materials

AParticle therapy: il tehanosticso

(use of high energetic proton beams for
simultaneous diagnostics and therapy)

Materials Research

A lon-matter interaction at highest
energies and highest charge states

A Materials behavior under extreme
conditions (high flux irradiations)

A Irradiations under multiple
extremes (high pressure,
temperature, dose)

A Radiation hardness of accelerator
and spacecraft components

25
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APPAc Detector Development F-\lR == 1

Bi-FUCAL

First Results
F 2,,- 1.
3
2
3 291+ 15,
|
f X (strip #)
Iw»‘\s' '
20 L

High-resolution spectrometers

el D

X-ray optics, channel-cut crystal Laser systems

FAIR GmbH | GSI GmbH 26



FAIR

Compressed Baryonic Matter



Exploring the phase diagram of Aucleari ma |

Temperature T

- - -
——" -
-

Nuclear
Superflui

ourtesy of K. Fukushima& T. Hatsuda Baryon Chemical Potential us

At very high temperature:

U N of baryons® N of antibaryons
Situation similar to early universe

U L-QCDfinds crossovertransition between

hadronic matter and Quark-Gluon Plasma
U ALICE,ATLAS, CMS at LHC

STAR, PHENIX at RHIC




Exploring the phase diagram of Aucleari ma |

Temperature T

A

Critical
Point

Quark-Gluon Plasma

-~ \s\\ ne
6/ N
,

Qs N
5

- -
AN D
-

Courtesy of

ushima& T. Hatsuda Baryon Chemical

At high baryon density:

U N of baryons > >N of antibaryons
Densities like in neutron star cores

U L-QCDnot (yet) applicable

U Models predict first order phase transition
with mixed or exotic phases

U Competing Experiments. BES at RHIC,

NAG61 at CERN SPS, NICA at JINR

otential us
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A R a MesRengersfrom the dense fireball:
CBM at FAIR

Yield:

1 particle in 1 million collisions

® resonance decays

1 Y ete, ete

UrQMDtransport calculation Au+Au 10.7 A GeV
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CBM: Focus on SIS100 beamenergies

Physics program: Exploring QCD matter at neutron star core
densities (> 5 0y)

nuclear matter equation of state
search for phase transition,

phase coexistence, exotic phases
onset of Chiral symmetry restoration
hypernuclei, strange matter
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U New physics insight
interactions rates up to 10 MHz

U optimized for precision measurements
of rare probes (hyperons, hypernuclei,
dileptons, charm)
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CBM detector and DAQ tests at CERN SPS

U Successfull operation of detectors and of the DAQ system

U Events successfullyreconstructed from free-streaming data

U Data quality allows for investigation of detector performance




FAIR

58



Synthesiof the chemicalelements F-\lR == 1
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Synthesiof the chemicalelements F-\lR == 1
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oPushing our understandingof the origin of the chemicalelements
Whereand how were the heavyelementsmadein the universe
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