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Primary Beams |

« 101%/s; 1.5 GeV/u; 238Y28+
» 1010/s 23892+ yp to 11 (35) GeV/u
e 3x10%3/s 30 (20) GeV protons

Secondary Beams |

FAIR phase 1
FAIR phase 2

* radioactive beams up to 1.5 - 2 GeV/u;
10! antiprotons 1.5 - 15 GeV/c




FAIR - four research pillars
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International Participation in FAIR

* FAIR governed by international convention
9 shareholders + 1 assoc. partner (orange)

e 3000 scientists from all over the world are engaged

 More than 200 institutions from 53 countries are involved with their
scientists (orange + blue) - FAIR community growing



GSI| - Almost 50 Years
of Scientific and Technical Competence F-\IR I=5= 1l

Existing accelerator facility has been upgraded to serve as
Injector for FAIR and — in the meantime — for FAIR phase O



Research Infrastructures available at GSI .
- open to external users, in particular from univ. F-\IR iI= =1L

UNILAC / SIS18




FAIR — The Facility F-\IR === Il
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Integrated Project Time Schedule — Level 1:
FAIR Buildings, Accelerators & Experiments

FAIR

Level 1 - FAIR Integrated Master Schedule 226,22 mo 08.08.2008 11.12.20 Az
eli FAIR Buildings FAHR 161222
* FAIR Buildings 72,1 mons 08.06.2017 16.12.2022 =¥ FAIR | Bt
T110 515100 68,75 mons 08.06.2017 16.12.2022 T110 SIS100 | N ] 1 161222
G004 Transfer Bullding/T104N Transfer S15100/T112N Trar 62,55 mons 29.11.2017 16.12.2022 ansfertunnel SIS100/300.CBM '—B:Dltd]mzl 16.12.22
GO17A Cryo Compressor Building 43,25 mons 27.06.2019 16.12.2022 GO7A Cryo Compressor Building 169222
6017.1 Main Supply Building North 45,6 mons 23.04.2019 16.12.2022 5017.1 Main Supply Building North 16.A2.22
G014 CBM/T112S Transfertunnel SIS100-CBM 48,75 mons. 24.01.2019 16.12.2022 M CEMITTZS siswacen 11 &1 ] 1622
GOO4A Transfar Supply/T101 Transfer Line SIS18 30,4 mons 08.07.2020 16.12.2022 GEOIA Traneter SuppiftiiaciRIEIREEU TR SoHR pRAZEY
G018 SFRS/T103N Transfar SFRS-Exparimente/T113N Tran 39 mons 24.10.2019 16.12.2022 pot Ecparimenta/TI0HS Tranafete SRURAEL piz2
G020 p-linac 26,5 mons 26.10.2020 16.12.2022 Go20 p-linae 16z
G017.2 Main Supply Building South/G006 SFRS HE-Cave/G 49,55 mons 17.12.2018 16.12.2022 erimaentaGOs0 APPAIGO0SC pbar Target | 1 16222
G007 CR/T106 Transfer CR-HESR 47,55 mons 27.02.2019 16.12.2022 GOOT CRIT106 Transfer CR-HESR [ 1 612322
G009 HESR PANDA/T108 HESR 34,4 mons 18.03.2020 16.12.2022 GODS HESR PANDAIT108 HESR 16.12.32
G021 Storage 21,65 mons 01.04.2021 16.12.2022 GOM Storage [ | 161222
: G120 Supply Line 32,6 mons 07.05.2020 16.12.2022 GA20 Supply Line | 161222
% - SIs100 174,17 mons 17.10.2011 20.02.2025 1 200225
= 15 100 procurement phase 128,25 mons 17402011 13.08.2021 ] 130821
515 100 ion into tunnel, issioning without beam phase 45,6 mons 28.06.2024 0 i ion into unnel, issioning without boam phase [ ] 80624
515100 commissloning with beam B.47 mons 20.02.2025 515100 commissioning with beam | | 200225
< SuperFRS 143,92 mons 02.06.2014 12.06.2025 1 1240625
SuperFRS procurement phase 114,45 mons 19.03.2023 ] 90323
SuperFRS ion into tunnel, issioning without beam 30,4 mons . 02.02.2024 SuperFRS i ion inta tuanel, Issioning without beam [ 02.02.24
SuperFRS commissioning with beam 17,67 mons. 07.02.2024 12.06.2025 SuperFRS commissionin 'ﬂe.luQ | 120625
< pLINAC 192,43 mons 06.01.2011 08.10.2025 1 081025
plinac procurement phase 138.2 mons 06.01.2011 11.08.2021 ] 1082
plinac installation + commissioning with beam 15 mons 25.10.2021 16.12.2022 plinac installation + commissioning with beam |—A-Or@;p &
pLinac installation aher HBO, commissioning with baam 36,63 mans 19 12 2022 08 10 2025 plLinac i ion after HBO, issioning with beam ] 0802
« p-bar separator 150,5 mons  05.09.2013 20.03.2025 EXD. In Stal | gnaz
pbar procurement phase 103,93 mons 05.09.2013 24.08.2021 Il il .
pbsar i ion into tunnel, issioning without beam phase 34,34 mons 24.08.2021 10.04.2024 pbar i ion into tunnel, issioning without beam phase [ 3] 10.04.24
0. har commissioning with baam 1278 mons. 10.04.7074 F0.00.3075 obar commissioning i }4E} 1 1 200325
« Collector Ring 183,57 mons 24.08.2011 18.09.2025 1 180925
CR procurement phase 134,85 mons 24.08.2011 24.42.201 g2 g /
CR ion into tunnel, issioning without beam 28,05 mons 16.06.2021 09.08.2023 CRil ion into tunnel, issioning without beam reb—m—m—‘ SHST W
CR commissioning with baam 77,51 mons 9.08.2073 10.09.2025 R commissioning with Leam | ] 18.09.25
<HESR 218,02 mons 26.03.2009 11.12.2025 0 1 111225
HESR procuremant phase 113, mons 26002009 15.42.2007 ——— I ER P AT
HESH i ion into tunnel, issioning without beam 20,1 mons 18.11.2021 02.06.2023 HESR i ion into uanel, isskoning without boam 02.06.23
HESR commissianing with beam 12,92 mons 02.06.2023 1422025 HESR commissianing willlEieal | | 1 122
-HEBT 138,77 mons 02.01.2014 22.08.2024 e
2 HEBTprocuroment phase 92,8 mans. 02.01.2014 1.02.201 1 10
- HEBT installation and commissioning without beam 45,52 mons 25.02.2021 22082024 HEBT ingtallation and commissioning without beam [ 119N 2o
2w .cBMm 152,67 mons  08.07.2013 20.03.2025 LIZUZL 1L wma
= 2 CBM procurement phase 130,25 mons CBO7.2013 30.06.2023 1 30.06.23
24 CHM installation and commissioning without beam 33,55 maons '} 200 26.06.2024 CEM insallatien and commissioning without beam |—-‘| 26.06.24
CBM commissioning with beam 9,52 mons 26.06.2024 20032025 T commig@yaamy i eyl | 00225
« APPA 199,07 mons 16.12.2009 20.03.2025 (O yavra, 1 200323
APPA procurement phase 172,65 mons 16.12.2009 10.03.2023 ] —
APPA i ion inta tunnel, issioning without beam 36,6 mans. MAZ2020 20.40.2023 APPA Inte tunnal, withoutbeam [ ] 20.10.23
APPA commissioning with bear 18,42 mons 20.10.2023 20032025 APPA commissianing with beam | ] 20.03.25
*NUSTAR 141,17 mons  15.09.2014 10.07.2025 1 Toor2s
NUSTAR procurement phase 120 mons 15.09.2014 201,203 RELALF]
NUSTAR installation inta cave of tunnel phase 30,85 mons 17.06.2021 07.06.2024 KUSTAR installation into cave of tunnel phase [ ] 0L.06.24
NUSTAR commissioning with beam 14,17 mons 07.06.2024 10.07.2025 HUSTAR commissianing with beam | | 10.07.25
-PANDA 226,22 mons  08.08.2008 11.12.2025 1 s
PANDA procurement phase 1731 mons 05082008 15.11.2021 1 15.01.21
PANDA installation and commissioning withaut boam 6.2 mans. 19.10.2021 20.40.2023 PAKDA installation and commissioning without beam [ ] 20.10.23

PANDA commissioning with beam 21,92 mons 20.10.2023 NMAZ20ES PANDA commissioning with beam | 1 114225
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Progress achieved in the

FAIR Accelerator anc

Experimental Projects



Status of FAIR: Civil Construction
rapid progress since official start on 4th of July 2017 F-\lR === 1




Status of FAIR: accelerators:
construction / procurement progresses well F_\lR = == T

Serial production for major components for SIS 100 is progressing
with one quarter of the dipole magnets already manufactured.
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24 SI1S100 (of 120) dipole magnets have been
delivered and are being cold-tested ... F_\|R o= a=
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Status of FAIR: experiments
detector R&D and construction well on track ...
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FAIR

Russia m

Status of this sheet: after 25" Council meeting, 6 Dec. 2018

Commitment (all figures Jan. 2005 prices):(Convention, signed) 178.050 M€
Cash, including: 178.050 M€
Cash (beyond contributions to ACC. & EXP.: 44.500 M€
Accountable contribution to accelerators: 66.314 M€
Of which assigned and partly contracted: 65.236 M€
of which manpower (not acc. cost book): 6.314 Me
Accountable contribution to experiments: 24.270 M€
(of which assigned: 24.270 M€ + Priority 2 components = 30.975 M€)
Planned additional contribution to experiments acc. to Russian Eols: 2q.290 M€
Planned but not specified cash contribution to accelerators: 13.676 M€
Required additional commitment in cash (XVII.6.3): 43.1200 M€
By June 2016 27.c00 M€
Status of Commitment: Confirmed (Statement 15“‘ Council Meeting).
By 2019 15.600 M€

Status of Commitment: Confirmed (Statement 15”‘ Council Meeting).




FAIR

Russia

Experiments:

Status of this sheet: after 25" Council meeting, 6 Dec. 2018

Contracted:

IHEP: PANDA PWO crystals (1981 pcs.), (Il.ag.1):

IHEP: PAMNDA Barrel base materials, 1.4.1.10.1.8.1 (XX.13.24):

IHEP: PAMDA mechanical structure of EM calorimeter, (V1.11.2):

IHEP: HEDgeHOB for high-gradient quadrupoles, (Xl.19.3):

Budker: PANDA - yoke for SC solenoid, (VI.11.3):

Budker: PANDA 5C. solenoid (besides yoke), (Xl.19.4):

Budker: CBM- SC. dipole, contract negotiations, (Xl.19.5):

JINR: CBM -Ladders for 5TS tracking system, (IX.18.4):

PNPI NUSTAR HV distribution system NeuLAND, (VIll.19.5):

PMNPI: Mech. structure of CBM RICH detector, (Xl.19.6): (0.250 M€ more in Priority 2,
total price: 1.450 M€ )

PNPI: Components for CBM-MUCH, (XV0.12.4): (1.200 M€ more in Priority 2,
total price: 3.022 M€ )

PMNPI: NUSTAR — Tracking Detectors, 1.2.5.1.2.1.4 (XXl.6.q):

INR- Modules for CBM — PSD, (XV1.12.3):

Assignments: (this also includes the Priority 2 components)

IHEP: PAMNDA Forward Shashlyk Calorimeter, 1.4.1.11.1 (XX1.6.10) (Priority 2)
JINR: PANDA — Muon System, 1.4.1.13.5 (XX1.6.11) (Priority 2)
JINR: NUSTAR —R3B, 1.2.5.1.2.3.2.2 (XXIl.13.4)

PMNPI: NUSTAR —Sci. bars & Read-out Elec. NeuLAND, (Vill.1g9.4): (Priority 2)

PMNPI: Components for CBM-RICH, 1.1.1.3.1.2.2 (Xl.19.6) (Priority 2 part)
PMNPI: Components for CBM - MUCH, 1.1.1.3.2.3.2 (XV].12.4): (Priority 2 part)
PMNPI NUSTAR ACTAF-2 small chamber work packageCoa, (XXIll.12.8)

ITEP: TOF detector for CBM, 1.1.1.5.4 (XX1.6.8)

ITEP: APPA Wobbler, 1.3.2.1.4.1 (XX].6.12): (Priority 2)

23.327 M«
1.006 M€
0.680 M€
2.844 M€
2.800 M€
1.000 M€
4.420 M€
3.758 M«
2115 M€
o0.415 M€
1.200 M€

1.822 M=

0.48g9 M€
0.778 M€

7.648 M€
1.352 M€
2.318 M«
o.300 M«
0.58g M€
o.2go M€
1.200 M«
0.175 M€
0.468 M€
1.000 M€



Schedule for Realizing FAIR FAR ==ux

Working towards the completion of FAIR by 2025

Major thrust is on construction of FAIR accelerators and
experiments

But at the same time we pursue a staged approach to FAIR

science and to the progressive commissioning of accelerators
and detectors:

FAIR phase 0 : start in 2018/2019

FAIR day 1/ phase 1 with FAIR accelerators progressively
approaching design parameters

Full FAIR operation



Evaluation of proposals for
first FAIR Phase-0 Campaign 2018/19 FAIR ==u

Results G-PAC (overall):
beamtime recommendations in 8 h-shifts

Shifts requested Shifts recommended (A) | Shifts extended (A and A-)

Session Sum mainSum para. Total |Sum mainSum para. Total |Sum mainSum para. Total
ESR / CRYRING 555 0 555 188 0 188 278 0 278
SIs18: HADES / CBM 183 81 191 94 81 102 134 81 142
SIS18: NUSTAR - R3B 264 20 266 85 34 88 120 34 123
SIS18: NUSTAR - S-FRS 185 69 192 62 38 66 102 59 108
SIS18: NUSTAR - DESPEC| 221 40 225 58 22 60 58 40 62
UNILAC / SHE 570 261 596 294 174 311 327 174 344

b3 1978 471 2025 781 349 816 1019 388 1058

Total Total Total

requested recommended recomm. plus

“flexible reserve”






HTCBM@SIS 18 - acBMull system test-setup
for high-rate nucleus-nucleus collisions at GSI/FAIR F _\ I R == I

~ CBM prototype detector systems g

~ free streaming read-out and data
transport to the mFLES

» up to 10 MHz collision rate

~ first commissioning beam in

December 2018




R3B Start version for Phase 0 (Status 2013#

'\IR I=5= 1L

RIB from
superigs\N NeuLAND (Germany,
e _ Russia, Netherlands):

Si tracker (UK): 1/3 ready in 2018
ready in 2019
7

%‘"§ Proton arm (Russia) :

/' ready in 2022
] T

R3B-Si-TRACKER
| racking system (Germany):
Reduced start version in 2018

\ fragments
Protons

gl GLAD (France, Germany):
L@, Commissioning in August 2018

CALIFA

CALIFA (Sweden, Spain, Germany, Russia):
Barrel without backward part ready in 2018
+ 80% of the endcap ready in 2019



HADIES

FAR ==

HADES Spectrometer RICH Upgrade HADES Calnrimeter

4 Secmﬂm for Beam

Fianed Readior BaT

v RICH [HADES/CBM phase 0 project) — finished, ready for MDC readout upgrade
beam Gainin lepton pair detection efficiency (x 3) Installation in 2020
- Improved background/noise rejection: : |
- Betfter conversion pair rejection
- Precisa time information {down to 300ps precision)
- Joint (CBEM/PANDA/HADES) development of read-out system based on TRE3 platform.
v  Electromagnetic Calorimeter — 4 sectors ready for beam in 2019
- m0and n decays into yy channel
- Electromagnetic decays of baryonic resonances
- Improved e/m separation: important for di-electron spectroscopy
- Proven technology: lead glass modules read out with Hamamatsu PMTs
+  MDC readout upgrade — Installation in
2020  Multi-hit TDC {TRB based) — essanfial for high rate experiments
- Read-out trigger rate increase from 50 kHz to 200 kHz
«  Forward Detector (HADES/PAMNDA phase 0 project) — installation in 2019
- Enhance HADES capabilities for exclusive channels — forward region
- Hyperon production and EM decays
- PID via TOF, dE/dx(straw tube) — no magnetic fizld

Forward Detector—
Installation in 2019

FAIR GmbH | GSI GmbH



DESPEC in FAIR Phase-0 (2018/19)

Spectroscopy & lifetimes of neutron-rich nuclei close to N=126
FATIMA fast-timing array - ready for experiments (S452, S460 & S468)
FATIMA & AGATA at GANIL AIDA DEGAS & FATIMA (2019)

Qi
AGATA+VAMOS+FATIMA

AIDA implantation and decay detector
(1/3 of full size available in 2018)
Commissioned in RIKEN, Japan
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