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Nucleus production since the 50s
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UNILAC – UNIversal Linear ACcelerator

▪ UNILAC, everything from

p to U, up to coulomb barrier

▪ Equipment procured in 

from 1969, transformers in

1970

▪ First experiments 1975
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Ship + UNILAC – New elements and new isotopes

405.05.2026S. Pietri, 15th Nordic meeting on Nuclear Physics

from https://www.nndc.bnl.gov/nudat3/ 
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From 1990, new machine

▪ UNILAC as injector

▪ SIS18 ➔ allows 18 Tm

▪ 18 Tm for 238U

➔ 200 MeV.U if  U28+ 

good for intensity

➔ 1000 MeV.U if U73+

higher energies
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Reactions

▪ Productions mechanisms used:

▪ Fragmentation

▪ momentum spread of fragment increases with 

number of nucleus abrated

▪ for production, target always Be (or C)

▪ Fission, 

▪ high angle and momentum due to repulsion. Effect 

notable at 1 GeV.U

▪ Target either Pb  for coulomb fission or Be for 

fragmentation fission 

▪ Mechanism always present, Pb fissions at high 

momentum

605.05.2026
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Separator : FRagment Separator (FRS)

▪ Separation: Br-DE-Br

▪ first selection : Br ∝ (A/Q).bg

▪ degraders: DE : Br’ = Br- f(Z2).

▪ second selection on Br’

▪ Identification: Br-DE-TOF

▪ Br from magnet set rigidity, positions 

at focal planes and ion optic 

coefficients

▪ bg from TOF

▪ Q from DE in MUSIC (Ionisation

chamber) with correction b
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Several experiments, using broad acceptance
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Current isotope discoveries
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RIKEN Big–RIPS, very high intensities

▪ Big Rips is second generation in flight spectrometer, like Super-FRS, 2009

▪ Uses Br – DE – Br –DE –Br method

▪ U intensity higher at Riken than GSI, hard to go much further with increase 

intensitiy

1005.05.2026S. Pietri, 15th Nordic meeting on Nuclear Physics
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GSI uses higher energies 

▪ Charge state issue for in flight fragmentation

▪ In flight fragmentation requires matter in 

spectrometer :

▪ detectors for identification

▪ degraders for separation

▪ Higher Z higher electron pick up

▪ Higher Z more energy loss

▪ Z identification, based on 2x Q measurements 

(10% charge state 1% miss identification)
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Charge state – or why we need 800+ MeV.U

▪ Nuclei in matter: 

▪ faster it goes more chance to loose electrons (>few 10 Mev.U)

▪ more charged it is higher chance to capture electrons

➔passing through matter creates an equilibrium of those two effects

▪ @1500 MeV.U for Uranium in matter ➔ 73% 238U92+,  25% 238U91+,   2% 238U90+…  SIS100

▪ @ 900 MeV.U, for Uranium in matter ➔ 46% 238U92+,  43% 238U91+,   9% 238U90+…

▪ @ 600 MeV.U, for Uranium in matter ➔ 21% 238U92+,  49% 238U91+,  28% 238U90+…

▪ @ 300 MeV.U, for Uranium in matter ➔ 10% 238U92+,  17% 238U91+, 70% 238U90+…

▪ @ 150 MeV.U, for Uranium in matter ➔ 0% 238U92+,  10% 238U91+,  73% 238U90+…

➔ for 212Pb after target

▪ @900 MeV.U for Pb in matter ➔ 71% 212Pb82+, 25% 212Pb81+ ,  2% 212Pb80+…

▪ @600 MeV.U for Pb in matter ➔ 49% 212Pb82+, 42% 212Pb81+ ,  8% 212Pb80+…
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Example comparison 2014, U primary beam

▪ Charge state reach next focal plane with A/Q = A/(Z-1)

▪ Could strip again in the detectors

▪ Big RIBS (345 MeV.U on Be setting Sn)J. Phys. Soc. Jpn., 

Vol. 79, No. 7 T. Ohnishi et al.

▪ FRS (750 MeV.U on Be, Sn setting), S411 October 2014 
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2009 – same machine, but higher duty cycle

▪ In preparation of FAIR duty cycle of SIS18 increased by more than 1 order of 

magnitude (faster ramping magnets) ➔ decide to do again U+Be experiment

1405.05.2026S. Pietri, 15th Nordic meeting on Nuclear Physics
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2017 – submit new proposal for news isotopes

▪ Production around Os difficult with U, better with Pb

▪ Last experiment with upgraded SIS18 were decay experiments with long 

extraction (10 s)

▪ New isotope search, combined with masses and beta-life times

1505.05.2026S. Pietri, 15th Nordic meeting on Nuclear Physics
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Interest in the region

▪ b life times, masses and existence ➔ linked to R process studies
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FRS in configuration for S468 experiment
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First setting calibration

▪
208Pb, for detector calibration

▪
205Au, for mass measurement and 

mass tagging

▪ Ancillary: ion catcher

1805.05.2026S. Pietri, 15th Nordic meeting on Nuclear Physics
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First setting calibration

▪
208Pb, for detector calibration

▪
205Au, for mass measurement and 

mass tagging

▪ Ancillary: ion catcher

▪ Problem unseen: when increasing 

intensity slits were not closed
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190W setting

▪ First main fragment setting

▪ Goal mass measurement
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193Ta, for beta lifetime
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Main new isotope search setting: 190Lu

2305.05.2026S. Pietri, 15th Nordic meeting on Nuclear Physics
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Main new isotope search setting: 190Lu

2405.05.2026S. Pietri, 15th Nordic meeting on Nuclear Physics

Preliminary

slope change and counts

drop after center
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Main new isotope search setting: 190Lu
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Preliminary

slope change and counts

drop after center

estimation of efficiency trigger plastic
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Mass measurement results

2605.05.2026S. Pietri, 15th Nordic meeting on Nuclear Physics

D Amanbayev, K. Mahajan, W. Plass, et al., in 

preparation
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Results S468 new isotopes

▪ Despite Covid and burnt platic(s) we claim 5 new isotopes discovered 

(submitted to Phys. Lett. B) 184Tm, 195Ta, 198W, 200Re, and 201Re

▪ Experiment April 2020, submission April 2026 (second analysis needed)

2705.05.2026S. Pietri, 15th Nordic meeting on Nuclear Physics
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FRS still competing with last generation facilities!



GSI Helmholtzzentrum für Schwerionenforschung GmbH

Results S468 new isotopes

▪ Despite Covid and burnt platic(s) we claim 5 new isotopes discovered 

(submitted to Phys. Lett. B)

▪ Experiment April 2020, submission April 2026 (second analysis needed)

▪ in the mean time publication from FRIB
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New facility being installed

▪ New ring : SIS100

▪ 100 Tm, ➔ 2.5 GeV.U 238U28+

▪ 5. 1011 U per spill

▪ New separator

3105.05.2026S. Pietri, 15th Nordic meeting on Nuclear Physics
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Machine Super-FRS for ES and commissioning

▪ Super-FRS Br – DE – Br –DE –Br spectrometer with higher acceptance

3305.05.2026S. Pietri, 15th Nordic meeting on Nuclear Physics
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Super-FRS – general overview, changing 238U to 212Pb

3405.05.2026S. Pietri, 15th Nordic meeting on Nuclear Physics

FHF2, HEB cave,

R3B NUSTARMain separator

Pre-separator

Target area

Pre-target

Focusing system

Supply building,

lab, control room

Ring branch, 

not ES

Low Energy Branch

not ES
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Status Super-FRS

▪ Installation ongoing 

▪ Aim beam commissioning 

end 2027

▪ First physics runs 2028

3505.05.2026S. Pietri, 15th Nordic meeting on Nuclear Physics
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Latest developement

▪ 5th February 2026, fire

▪ An old 1970 transformer burnt when switched 

on for pre-testing

▪ Fire on the supply gallery, accelerator intact 

▪ Transformer was planned to be replaced in 

two years as judged being critical

▪ New instrumentation being developed

▪ Staged reparation/replacement is discussed 

with ministry, JSC, MAC and internal Task 

Force. 

▪ Start FAIR beam commissioning in 2027, first 

physics runs 2028 with high intensity, high Z 

high intensity in the following year(s)
3605.05.2026S. Pietri, 15th Nordic meeting on Nuclear Physics
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Super-FRS vs FRS for new isotopes search

▪ Calculations from ideas of experiments

▪ Objective: U fragmentation, higher Z (need the high energy of SIS100)

▪ Third objective: proton rich U fragments, use higher separation of Super-FRS

3705.05.2026S. Pietri, 15th Nordic meeting on Nuclear Physics
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Collaborators

3805.05.2026S. Pietri, 15th Nordic meeting on Nuclear Physics

Letter of Intent new Isotope Search at Super-FRS
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Charge state – or why we need 800+ MeV.U

▪ Nuclei in matter: 

▪ faster it goes more chance to loose electrons (>few 10 Mev.U)

▪ more charged it is higher chance to capture electrons

➔passing through matter creates an equilibrium of those two effects

▪ @1500 MeV.U for Uranium in matter ➔ 73% 238U92+,  25% 238U91+,   2% 238U90+…  SIS100

▪ @ 900 MeV.U, for Uranium in matter ➔ 46% 238U92+,  43% 238U91+,   9% 238U90+…

▪ @ 600 MeV.U, for Uranium in matter ➔ 21% 238U92+,  49% 238U91+,  28% 238U90+…

▪ @ 300 MeV.U, for Uranium in matter ➔ 10% 238U92+,  17% 238U91+, 70% 238U90+…

▪ @ 150 MeV.U, for Uranium in matter ➔ 0% 238U92+,  10% 238U91+,  73% 238U90+…

➔ for 212Pb after target

▪ @900 MeV.U for Pb in matter ➔ 71% 212Pb82+, 25% 212Pb81+ ,  2% 212Pb80+…

▪ @600 MeV.U for Pb in matter ➔ 49% 212Pb82+, 42% 212Pb81+ ,  8% 212Pb80+…
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New facilities broad new regions discovered
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… to answer how
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