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FAIR and its pillars

FAIR

NUSTAR CBM APPA PANDA



NUSTAR at FAIR

3

(FAIR Council 9-10 July 2024)
NUSTAR week at GSI 7-9 Oct. 2024
ECE/ECSG 14 October 2024
Joint Scientific Council 22-23 October 2024   

NUSTAR “first experiments” presented

(FAIR Council 3-4 December 2024)
G-PAC 18-20 February 2025    

experiments for 2026-27 approved

NUSTAR Annual Meeting 24-28 Feb 2025
NUSTAR Council

(Project Oriented Funding, POF Evaluation April 2025)
ECE/ECSG 8-9 May 2025
Joint Scientific Council 12-13 May 2025   
RRB 15-16 July 2025
(FAIR Council 8-9 July 2025)

NUSTAR week in Prague (Czech Republic)  29 Sept.- 2 Oct. 2025



Overarching physics case:
the creation of the (heavy) chemical elements

Big physics question requiring information on:

Equation of State 
Limits of existence
Lifetimes,
Masses
Pxn values
Fission 
Reactions in star environments 



NUSTAR
One science, different observables, instrumentations

>630 NUSTAR members
(incl. students, 
engineers)

> 1000 listed “interested” 
scientists
>   630 registered members 

(incl. students, etc.)
~   420 senior members 

(PhD holder w/o Russia)
>   150 institutes from 36 
countries
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Timeline 2021 –

2021-2022 FAIR-0 experiments (27 NUSTAR exps.+tests)

2023 No experiments (but there were tests)

2024-2025 FAIR-0 experiments (27 NUSTAR exps.+tests)

2026-2027 FAIR-0 experiments (G-PAC in 2025)

End 2027 -> Early Science (with SuperFRS)

End 2028 ->       First Science (with SuperFRS and SIS100)



G-PAC outcome: experiments in 2026-2027

A- shiftsA shiftsoutcome
27151 A; 3 A-; 3 BILIMA

14363A (1 resubmitted); 1 A-; 2 B
HISPEC/DES
PEC

048
4 A; 0 A-; 3B; 4C; assumes A for the 
applications proposal

SuperFRS-
EC

9482A (1 resubmitted); 1 A- ;3 BR3B
812164 A ;2 A-SHE

131363TOTAL:NUSTAR:
granted experiments has also been made public: 
https://gate.gsi.de/cgi-bin/prop-overview?ranking=a

Draft schedule soon



Total
PhD 
diss.

OtherNIM
PRC/
PRA

PLB
Nature 
family; 
PRL

51920410352021-24R3B

4541866832021-24
HISPEC/D
ESPEC

43216173322021-24
SuperFRS
-EC

120612032021-24ILIMA

92452915482021-24SHE

40100032021-24
LASPEC/
MATS

63133053572024NUSTAR
69435145562023
670311016462022
48217812452021

24719113373618242021-24NUSTAR

Publications 2021-2024

NUSTAR database
(based on GSI repository:
https://repository.gsi.de/)



Timeline 2021 –

OES:Odd-even staggering 
of nuclear masses



From GSI to FAIR (simplified) 

2025            2026               2027                2028               etc.

Early Science: SIS18-SuperFRS
increased secondary beam intensity 

First Science: 
SIS18-SIS100-SuperFRS
increased primary beam 
intensity

FAIRGSI exps.

End of 2026: NUSTAR equipment moving to High-Energy Cave at FAIR
To be ready to take beam from end of 2027



Experiments location at Super-FRS: 
ES and FS

FMF2

FHF1

FHF2

FHF1: Compact setups
FHF2: R3B science (first experiment)

Early Science
(with SuperFRS)
end of 2027 ->

First Science
(SuperFRS
and SIS100)
end of 2028 ->



Physics in the SuperFRS tunnel

Production of exotic neutron-rich isotopes
- Measurement of their beta-decay lifetimes
- Measurement of their masses

Astro impact, based on theory

SuperFRS Ion 
Catcher

Decay setup



Start of FAIR: First NUSTAR results

Main aim to show that FAIR is running
Need to be published fast
Low risk (follows directly from SuperFRS commissioning)
Use some new capability:

secondary beam intensity
from primary beam
from transmission

higher beam energy (> 1GeV/u)
higher SuperFRS transmission 
equipment

Lessons from FRIB (and RIKEN):

Exps.: May 2022 first exp
First publications:
PRL on new lifetimes N>28 (published Nov. 2022)
PRL on unexpected isomer 32Na (June 2023)
PRL on new isotopes 198Pt beam (Feb. 2024; 

exp Feb. 2023)



New isotopes

https://frib.msu.edu/public/nuclides

isotopes identified since 2010 ;      EPJA 60, 175 (2024)



Low-energy branch?

FMF2

FHF1

FHF2

Mainly FHF2 and FHF1
Only R3B, HISPEC/DESPEC, Super-FRS EC

Low-energy branch
-needs infrastructure
-serves:
Super-FRS EC,
HISPEC/DESPEC, 
MATS, 
LASPEC 
-physics workshop:
1 October 2025



FAIR Phase-0 is productive and assures readiness for Early and First Science

NUSTAR ES&FS experiments will mark the start of FAIR

Overarching physics case: creation of the chemical elements

Optimisation of the FAIR injector chain already for Early Science in parallel to FAIR 
construction (beam intensities!)

Vision for the completion of Super FRS low-energy branch (FS++)

NUSTAR week in Prague 29 Sept.- 2 Oct. 2025  https://indico.gsi.de/event/21640/

Low-energy branch workshop, Wednesday 1 October 14:00-18:00

Summary and conclusions


