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NUSTAR - The Project

PSP 

code
Super-FRS RIB production, separation, and identification

1.2.2
HISPEC/

DESPEC 

In-beam -spectroscopy at low and intermediate energy, n-decay, high-

resolution -, -, -, p-, spectroscopy

1.2.3 MATS In-trap mass measurements and decay studies

1.2.4 LaSpec Laser spectroscopy

1.2.5 R3B Kinematical complete reactions with relativistic radioactive beams

1.2.6 ILIMA 
Large-scale scans of mass and lifetimes of nuclei in ground and 

isomeric states

1.2.10 Super-FRS High-resolution spectrometer experiments

1.2.11 SHE Synthesis and study of super-heavy elements

1.2.8 ELISe(*) Elastic, inelastic, and quasi-free e--A scattering

1.2.9 EXL(*) Light-ion scattering reactions in inverse kinematics

Courtesy: J. Gerl
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~230 members , 24 countries

(PhD holders+ Students)
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HISPEC-DESPEC Scientific Goals

Modified from G. Benzoni

 Spectroscopic studies both in-beam (HISPEC) and with stopped ions (DESPEC)

Key goals using unique GSI-FAIR beams:

• Approach the r-process path along N=126: nucleosynthesis of heavy nuclei

• Evolution of the shell structure and exotic nuclear shapes in uncharted nuclear territory

The strength of HISPEC/DESPEC:

Use combination of unique detectors for complete spectroscopy on secondary beams with  yields as 

low as one ion per hour

Review 2022 outcome:

NUSTAR very attractive!

Physics driven approach

within given constrains!
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FAIR: August 2022 construction status

Preparation,

Control,

Maintenance
LEB

HEBSUPER-FRS
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HISPEC/DESPEC collaboration

26.2.2019

U intensity/s             10e7                                   10e8                                                        

230 scientists from 24 countries



GSI Helmholtzzentrum für Schwerionenforschung GmbH

DESPEC: Experiments with Stopped Beams 2020

production

selection

identification

stopping

spectroscopy

~300MeV/u
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DESPEC- approaching frontiers of nuclear existence 

 objectives

courtesy: W. Korten
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370 implanted 212Pb ions!

M. Pfützner et al., Phys. Lett. B 444 (1998) 32.

DESPEC: very sensitive!

decay of the νg9/2
2 8+ isomer
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DESPEC sensitivity - isomer

A. Gottardo et al., PRL 109, 162502 (2012)

RISING setup

15% Ge det. array efficiency
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DESPEC sensitivity: β-decay of 100Sn

<1ion/hour!

Later measurement at RIKEN with 10x statistics:

All gamma rays confirmed and no new found! 

C. B. Hinke et al, Nature 486 (2012) 341
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D. Lubos et al. Phys. Rev. Lett. 122, 222502 (June 2019) 
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Phase-0

Phase-1

Phase-2

DESPEC
• Comprehensive decay information from identified key nuclei at secondary beam

yields >1/h

• Shell structure evolution and exotic nuclear shapes near the limits of nuclear

existence

• Spectroscopic information for the nucleosynthesis of heavy nuclei

BUT is also a competitor in lighter regions

of key nuclei: around 100Sn and 132Sn, rare earth nuclei

Mass abundances depend on the detailed structure of N~126 nuclei around the 3rd r-process peak

C Domingo-Pardo et al 2016 J. Phys.: Conf. Ser. 665 012045

Mendoza-Temis, Wu, K. Langanke, G.Martinez-Pinedo, Bauswein, Janka, PRC 92, 055805 (2015)

Q. Zhi,E. Caurier,J. J. Cuenca-Garcıa,K. Langanke,G. Martinez-Pinedo,K. Sieja, PRC 87, 025803 (2013)

N. Nishimura, Zs.Podolyák, D-L. Fang, T.Suzuki, PLB 756, 273(2016)

DESPEC will measure:

-β-lifetimes

-neutron-branching ratios

-strength distributions

-level structure

P.Möller et al., PRC 67 (2003)
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DESPEC- approaching the frontier of nuclear existence 
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DESPEC- approaching the frontier of nuclear existence 
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DESPEC- approaching the frontier of nuclear existence 

L. Zago et al.,Phys.Lett. B 834, 137457 (2022)

J.J.Valiente-Dobon et al.,Phys.Lett. B 816, 136183 (2021)

https://www.nndc.bnl.gov/nsr/fastsrch_act2.jsp?aname=J.J.Valiente-Dobon
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a complete picture of the isomer and β-decay process requires both high-resolution, high-efficiency studies and
exclusive measurements

- high-resolution: aiming at a detailed reconstruction of decay scheme. Exploits combination of AIDA+HPGe
detectors, coupled to FATIMA to enhance the sensitivity to specific observables (level lifetimes)

- high-efficiency: Total Absorption Spectrometry technique, requires instead the use of highly efficient scintillator 
detectors aiming at measuring the full decay strength

- exclusive measurements: aiming at studying specific quantities, such as delayed neutron emission probability and 
spectroscopy

DESPEC: Decay Spectroscopy

2020-2021 2022
2022

DTAS
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SETUPS for 2020-2022

The core of the DESPEC : AIDA coupled to HPGe DEGAS detectors. The DEGAS array is slowly increasing in size, with 

the addition of clusters of detectors, therefore moving towards its high-efficiency compact realisation. 

• Energy and lifetime of isomeric 

states and states below them

• Beta-decay

• Lifetimes  Fast-timing approach

• Level schemes

36 det. FATIMA eff. 2.9% at 1 MeV 

6 GTC DEGAS or GALILEO

eff. 3% at 1 MeV 28 DEGAS eff. 18% at 1 MeV

FULL-DEGAS

Full covarage of the implantation area with 3 DSSSD side by side

S. Saha et al. NIMA 975, 164196 (2020)

Beam in

DTAS
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DESPEC instrumentation used in 2022

AIDA: stack of DSSSD:

8x8 cm2  and 24x8 cm2 ;128x128 pixels

Wide dynamic range

3 mm thick plastic detector upstream 

and downstream from AIDA 

SiPM readout

DEGAS DEcay Germanium Array Spectrometer

28 triple Clusters of Euroball Ge capsules with

BGO back-catchers and side-shields 

Box configuration around 24x8 cm2 AIDA

DTAS gamma-calorimeter

NaI(Tl) large volume 1515×25 cm3

Central hole accommodating AIDA
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Neutron detector 

MONSTER

DEGASAIDA
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DESPEC NIM

DESPEC sensitive to:

- very exotic nuclei

- to extract nuclear structure 

information for each state of 

which lifetime can be    

measured (10ps-100s) 13 

orders of magnitude!

- to extract nuclear structure 

information for each type of 

the decay
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188Ta →188W

190Ta

→190W

192Ta →192W

K. Nomura et al., PRC 84, 054316 (2011)
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Campaign 2021

E. Sahin (TUD/GSI), V. Werner
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E. Sahin (TU Darmstadt), V. Werner
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Octupole Correlations

Pending questions: 

 Maximum of octupole deformation

 Static or dynamic deformation

 Role of quadrupole-octupole coupling

 The strongest octupole correlations are 

expected around n-rich A~150 and A~225

J = 3

l  = 3

J = 3

l  = 3

J = 3

l  = 3

Particular features:

 Large B(E1) transition probabilities

 Large B(E3) strengths → difficult to measure

 Interleaved positive- and negative-parity states

DESPEC

 Octupole-deformed (pear-like) shapes

appear under particular conditions: 



GSI Helmholtzzentrum für Schwerionenforschung GmbH

DESPEC 2021: The 220<A<230 Po-Fr region

Newly measured!

Fr

Rn

At
Po

Z

A/Q

Goals:
• Search for octupole deformation
• Provide new  decay info to test of nuclear models for r process

First results: 

• -decay half-lives for 225,226At, 
227,229Rn

On-going analysis:

• -delayed -ray spectra to find 
signature of octupole correlation

M. Polettini, G. Benzoni
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Nucleus with only T1/2 known

Nucleus with an excited state known

Nuclear Structure in the 100Sn region

Z=50

N=50

π
g

9
/2

p
1

/2

νg9/2p1/2

νd5/2g7/2s1/2d3/2h11/2

p-drip line 100Sn

M.G., Physics 2022, 4(1), 364
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Shell structure around 100Sn / 56Ni 

L=2 (=|lp- lh |) softness
E2 polarisation, isomers

s/M1 and st/GT transitions

L=3 (=|lp ± lh|) E3 collectivity

H. Grawe et al., Phys. Scr. T56,71(95)
H. Grawe, M. Lewitowicz NPA693,116(01)
updated in T. Faesterman, M.G, H. Grawe, PPNP 69, 85 (2013)
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100Sn excited states still not known

 T. D. Morris, Phys. Rev. Lett. 120, 152503 (2018) ab initio, renormalized equation of motion, incl. 3 body forces, couple 

cluster method, valence-space in-medium similarity-renormalization-group method (VS-ISMGR)

 K. K. Hebeler, S. K. Bogner, R. J. Furnstahl, A. Nogga, and A.Schwenk, Chiral low-momentum interactions, Phys. Rev. C 83, 

031301 (2011).

8+ isomer ???
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DESPEC 2020: Structure of the heaviest N=Z nuclei: 

Seniority Transitions and EM Transition Rates in 94Pd 

M.G, P. H. Regan, B. Cederwall, J.Jolie

HPGe triple clustersFATIMA modules

Analysis: A. Yaneva, S. Jazrawi, M. Mikolajczuk, M. Polettini, A. Mistry, H. Albers
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First published results from Physics commissioning run

B. Das, B. Cederwall, C. Qi, M. Górska, P.H.Regan

et al., Phys. Rev. C 105, L031304(2022).

Excited states in 94Ru were populated primarily via 

the β-delayed proton emission of 95Pd nuclei

subtle interference between the wave function of the lowest 

seniority n = 2, Jπ = 4+ state and that of a close-lying n=4 

state that exhibits partial dynamic symmetry
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Seniority mixing by core excitation in 
N=50 96Pd and 94Ru and 98Cd?

pg9/2
n, n=5, 

midshell:

● No mixing in p
space

● B(E2;v=0)≡0

Seniority v:

● Neutron core
excitation breaks
good seniority

H. Mach et al., Phys. Rev. C 95, 014313 (2017) 

J. Park et al., Phys. Rev. C 96, 044311 (2017)

B. Das et al., Phys. Rev. C 105, L031304 (2022)

+ New data analysis on 95Rh: B. Das et. al.

SDG: F.Nowacki

SMCC: L. Coraggio, A. Covello, A. Gargano, and 
N. Itaco, Phys. Rev.C 85, 034335 (2012)

SMLB: A. F. Lisetskiy, B. A. Brown, M. Horoi, 
and H. Grawe, Phys.Rev. C 70, 044314 (2004).
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94Pd B(E2:8+->6+)

GF predictions

provides a stringent test for the various models SM, B-pair and model spaces
g9, f5pg9, gds

53
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94Pd SM and expt comparison. 

SMCC: L. Coraggio et al. in PRC 85, 034335 (2012)

SDG: F. Nowacki

Calculation: GF and JUN45: M. MikolajczukAnalysis: A. Yaneva, S. Jazrawi
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DESPEC 2021: Core-breaking 

in the most neutron-deficient Tin isotopes

G. Zhang, D. Mengoni

• Experiment: 124Xe beam (2×109 pps, 840 MeV/u) + 6.333 

g/cm2 9Be Target, 

• Ion of interest: 102Sn, 107Te, 98,100Cd……

•DESPEC station: Triple-AIDA+ Triple-BetaPlastic + 4 

Euroball 7-folded clusters + FATIMA,

•Result: lifetimes of 4+ states in 102Sn, 98,100Cd is measured 

for the first time, preparing for publication now.



GSI Helmholtzzentrum für Schwerionenforschung GmbH

100Cd anomaly

MHJM:

Kavatsyuk O, et al., 2007 Eur. Phys. J. A 31(3) 319, and Blazhev A, Górska

M, Grawe H in preparation

EXP

effective charges extracted from 
98Cd (8+) and 102Sn (6+)

G. Zhang, D. Mengoni
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DESPEC 2022: Mounting of DEGAS in a record 

short time!
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202Os setting

204Pt
203Ir

(no charge state cleaning yet,

202Os is under the charge states of lighter osmiums)

May 2022

Zs. Podolyak
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203Ir spectrum

New, measured in 2022

(higher statistics than in 2006)

Old, measured in 2006

- DEGAS Ge array used for the first time

- Efficiency was lower than for the final DEGAS

- Beam intensity increased about one day 

before the end of experiment 

Zs. Podolyak
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DTAS @DESPEC

Total Absorption Gamma-ray 

Spectroscopy (TAGS)

β-strength measurements to understand

 half-life discrepancies across N=126

DTAS

First experiment

JUNE 2022

Courtesy: A. I. Morales
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S505

Primary beam: 208Pb

Energy: 1000 MeV/u

Intensity: 109 ppb

Pulse: 1.6 s

Spokespersons: J.L. Tain, 

A.I. Morales, E. Nacher

DTAS gamma-calorimeter and narrow AIDA implant-

decay detector of the DESPEC experiment

First full beta-strength 

measurement of neutron-rich 

nuclei around N=126

Study of decay properties of 

nuclei leading to the formation 

of the “gold” peak in explosive 

stellar nucleosynthesis

Investigation of the beta strength crossing N=126 and the 
formation of the 3rd r-process abundance peak

DTAS

LOAX
AIDA +

bPLAST

Courtesy: A. I. Morales
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S505 preparation
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S505 Online
Isomer tagging. The 5- isomer in 206Hg

Z = 80

Courtesy: A. I. Morales
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S505 Online
TAGS Spectra
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205Au decay

Courtesy: A. I. Morales
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DEGAS: Plans for the near future

Strong interest in the FATIMA/DEGAS setup: 

Structure of neutron-rich, rare-earth nuclei far from stability 

 H.M. Albers (GSI), T. Grahn (Jyskl), C.M. Petrache(Paris) and V. Werner(TUD) 

 New approach in FAIR Phase-0: High-energy beams of 170Er increasing the cross section 

 Recent PSM calculations indicate
 modified Nilsson parametrisation 
 needed for correct SP ordering

 Location and size of deformed shell 
 gaps highly-dependent on N and 
 deformation parameter

 Effect of ν7/2[633] most apparent at
 N=98-104 

Decay properties of 160,162Eu at ANL → deformed shell gap at N=98 
D.J. Hartley et al., PRL 120, 182502 (2018)
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Structure of neutron-rich rare earth nuclei 
Scientific Motivation

 HFB+IBM-2 (K. Nomura), 
 RMF+BCS (Z.P. Li), 
 HFB+Gogny D1S (L. Robledo)

 Smooth changes with N, 
 broad peak before midshell

 Large uncertainties or missing data for
 N>98 in Gd and Dy

 Region of highly-deformed rare-earth nuclei close to the mid-mid-shell are a 
subject of great interest for both nuclear structure and astrophysics 

 Open questions regarding location and nature of deformed shell gaps

H.M. Albers et al.,



HISPEC:High-resolution in-flight -ray spectroscopy following secondary

nuclear reactions induced by radioactive ion beams at E ~100 MeV/u to 1 GeV/u and
decay spectroscopy

AGATA

DEGAS
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HISPEC: Physics example from RIBF 

Beam production and identification

spokespersons: P. Doornenbal and K. Wimmer
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HISPEC: Physics example from RIBF

spokespersons: P. Doornenbal and K. Wimmer
Courtesy: K. Wimmer
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HISPEC TYPE: Physics goals example from RIBF

spokespersons: P. Doornenbal and K. Wimmer
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HISPEC TYPE: HICARI campaign 

Single proton knockout to 130Cd  

A. Jungclaus et al., Phys. Rev. Lett. 99, 132501, 2007

Analysis: Tom Parry (U. of Surrey), Michael Armstrong (GSI/U. Cologne), Zs. Podolyak, M.G.

spokespersons: P. Doornenbal and K. Wimmer



LISA: LIfetime measurements with Solid Active targets

Compact array of active target 

detectors inside AGATA 

Opens new possibilities for lifetime 

measurements using AGATA at 

FAIR:

• Evolution of collectivity in Islands 

of Inversion

• Fate of the N=82 and 126 shell 

closures

• And many more

• Energy resolution determined by 

unknown velocity in the target

• Several layers of active targets

• Event-by-event determination of 

reaction position → (β,z)

The coexistence of single-particle and collective degrees of freedom in 

atomic nuclei gives rise to various exotic phenomena. 

Where and how collectivity emerges from the single-particle dynamics of protons 

and neutrons is an open question in nuclear structure physics that will be 

addressed with LISA in a unique way.

PI: K. Wimmer
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Summary

 HISPEC/DESPEC international collaboration to investigate the 
structure of exotic nuclei

 Several DESPEC experiments produced the first results, many in 
preparation 

 Flexible concept needed to optimize the physics outcome from 
available infrastructure as stated in the review 2022 comments

 best considered DESPEC setup for early/first physics and 
discovery potential for many exotic nuclei

 flexible in its simplest configuration

 more space demanding in the full configuration including neutron detectors

 Most challenging and relying on the strong collaboration: HISPEC
 AGATA accommodation

 Magnetic analyzer of the reaction products
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