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

DESPEC

HISPEC-DESPEC at GSI-FAIR

AGATA
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Strength of HISPEC/DESPEC:
Use combination of unique detectors for complete spectroscopy of exotic nuclei with 
yields as low as one ion per hour (~nb)
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Spectroscopic studies both in-beam 
(HISPEC) and with stopped ions (DESPEC).

Key goals exploiting 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

DESPEC

HISPEC-DESPEC at GSI-FAIR

AGATA
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The DESPEC station
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A. K. Mistry et al., NIM A 1033 (2022) 166662
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Ion-b-g correla=ons
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Implant Decay

Ion-b correlations:

• Position condition  →  ion and b cluster overlap

• Time condition  →  𝑑𝑇(𝐼𝑜𝑛 − 𝛽) < 	5𝜏!



Ion-b-g correlations

Marta Pole1ni21/06/24 4

224At → 224Rn
225At → 225Rn

2+ → 0+

4+ → 2+

P. A. Butler et al., Nat. Commun. 10 (2019) 2473

Implant Decay

Ion-b correlations:

• Position condition  →  ion and b cluster overlap

• Time condition  →  𝑑𝑇(𝐼𝑜𝑛 − 𝛽) < 	5𝜏!

b-g correlations:

• Prompt coincidence: ∆𝑇 𝛾 − 𝛽 < 100	𝑛𝑠



INFN experiments in FAIR Phase-0 campaign
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• 𝑁 = 𝑍 = 50	doubly magic

• Core-breaking effects

𝐀~	𝟐𝟐𝟓	Po-Fr region

• Input to r-process models

• Octupole deformation expected
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The 100Sn region

6

The 100Sn region is subject of a multitude of 
experimental and theoretical studies to assess:

• the robustness of its double shell closure

• the evolution of single-particle energies 

• the role of proton-neutron pairing

 

A. P. Zuker et al., Phys. Rev. C 103, 024322 (2021) 
M. Siciliano et al., Phys. Lett. B 806, 135474 (2020)
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48Cd isotopic chain → two proton holes in g9/2 orbits

• B(E2) measurements of levels below seniority 

isomers

• Beta decay spectroscopy studies



98,100Cd levels’ life=mes
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98,100Cd levels’ life=mes
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Calcula4ons performed by:
A. Gargano, G. De Gregorio - INFN Napoli
F. Nowacki - Uni Strasbourg

𝜏 = 832!"#$"%𝑝𝑠

𝜏 = 58 27 𝑝𝑠

𝜏 = 36 25 𝑝𝑠

• The lifeGmes of low-lying excited states below the 8+ 
seniority isomer were directly measured in 98,100Cd

• B(E2) values extracted using measured levels’ lifeSmes

• Comparison with shell model calculaGons being 
invesSgated



101Cd: first measurement of Ib and logft
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Calculations performed by Y. Cenxi, 
Sun Yat-Sen University, China



INFN experiments in HISPEC-DESPEC in 2021
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The A~225 region
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T. Marketin et al., Phys. Rev. 
C 93 (2016) 025805

D. M. Siegel, Nat Rev Phys 4, 306–318 (2022)

Octupole deformaGon around A~225
• Locate low-lying 1- and 3- states
• Measure reduced transiSon strengths

Test of nuclear models for r process
• Measurement of ground state b-decay

half-lives
• DeterminaSon of possible compeSng a

branches

The r process:

• Neutron capture at a very short time scale as 
compared to b decay

• One of the main synthesis mode of elements 
up to 𝐴~200

• Three abundance peaks at 𝐴~80,130,195   
(𝑁 = 50,82,126 shell closures)
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𝑇"/$ = 18.4	 ± 0.8	𝑠

227Rn
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New b-decay half-lives in At and Po isotopes
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(1)W. Kurcewicz et al., Nucl. Phys. A 621.4 (1997) 827–852
(2)D. Neidherr et al., Phys. Rev. Lett. 102 (2009) 112501

(1)

(2)

New b-decay half-lives in At and Po isotopes
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• Remeasured values agree with exisSng data
• Rn and At new data points follow general trend
• Pronounced odd-even staggering in Rn chain
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New experiment at GSI in June 2024
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Main goals:
⇒ Obtain nuclear properties used as inputs into r-process network calculations
⇒	Provide new data to test nuclear models towards the N=126 waiting point

New isomeric states

Lifetime of low-lying states

b-decay half-lives and spectroscopy

New experimental measurements on:

Focus on the Pt isotopic chain:
• Trace the evoluSon of decay schemes between N=122 and N=129
• Search for a seniority isomer in 206Pt
• New b-decay half-lives measurements in 205,206,207Pt and 207,208Au

Spokepersons: M. Polettini, A. I. Morales
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New experiment: online results
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Conclusions

15

b decay studies in the A∼225 Po-Fr n-rich region and 100Sn p-rich region. The experiments 
were performed at GSI in April 2021 using the FRS+DESPEC setup. 

Obtained results:

• Study of low-lying states in 100,101,102Cd via b-delayed spectroscopy and lifetime 
measurements in 98,100Cd

• New b-decay half-lives measured in 220,223Po, 225,226At, good agreement with previous 
measurements for 227,229Rn 

Outlook:

• Two scientific papers and letters in preparation

• New experiment in N=126 region run in June 2024
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• Increasing primary beam intensity
• Improved g efficiency 
• Faster DAQ 
• Improved FRS transmission

RISING campaign

DESPEC @ Phase-0

eg = 16.2%

eg = 21.2%

Early Science

2009

2022

First Science

b-g corr.
Isomeric 

states T1/2 b-n
No g corr.

H.Alvarez-Pol PRC82(2010)

Pb isotopic chain

10-9 mb limit
                              

10-10 mb 
limit                           

A quest towards the r-process waiting point
Answering to fundamental questions:
• Exact location of r-process path for heavy 

elements
• Role of first-forbidden b-decay 
• Role of delayed-neutron emission
• Fission recycling
 



Nuclear physics inputs
• Key quantities in nucleosynthesis calculations:

o nuclear masses → 𝑺𝒏	, 𝑸𝜷
o decay rates → beta and alpha lifetimes 𝝉𝜶, 𝝉𝜷
o b-delayed neutron emission → 𝑷𝒏

o neutron capture rates → 𝝈 𝒏, 𝜸 , 𝝈(𝜸, 𝒏)
o fission probabilities
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T. Marketin et al., Phys. Rev. C 93 (2016) 025805

Theoretical models show deviations in heavy n-rich nuclei

→ Need for b-decay half-lives measurements in the 𝑵 > 𝟏𝟐𝟔 region



Selection and transport:  
𝑩𝝆 − 𝜟𝑬 − 𝑩𝝆

Identification:
𝑻𝒐𝑭 − 𝑩𝝆 − 𝜟𝑬

The FRS magne=c spectrometer

S2S1 S3
S4

Marta Polettini

Dipole magnets
Degrader

21/06/24

𝐵𝜌 ∝
𝐴
𝑄 	𝛽𝛾

Δ𝐸 → transmission mode

Wedge Ladder

Disk
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Ion identification

S2S1 S3
S4
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Δ𝐸	 ∝ 𝑍$𝑓(𝛽)A/Q
Z

𝐴
𝑄 =

𝐵𝜌
𝛽𝛾

Time Projection Chamber (TPC)

@S2,S4

PlasSc scinSllators

@S2,S4

Multi Sampling Ionisation 
Chambers (MUSIC)

@S4
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Ion identification

S2S1 S3
S4
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Δ𝐸	 ∝ 𝑍$𝑓(𝛽)
Z

39

ID plot produced via the measurement of:

• The ratio of mass number over ionic charge  

A/Q

• The atomic number Z or the X position in the 

focal planes

Fr
Rn
At

Po
Z

A/Q
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Iden=fica=on plot

A/Q resolution improvement: ∼30%

ü ToF and MUSIC calibraSon

ü PosiSon calibraSon

ü Gain drik correcSon

ü Angle correcSon at S2 and S4

AfterZ

A/Q

BeforeZ

A/Q

Fr
Rn

At
Po

Z

A/Q
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Davide Genna, BSc thesis



Rn (Z=86)
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FRS analysis: study of charge states

∆𝐐 = 𝟎 

∆𝐐 = 	+𝟏𝒆

dE
 in

 S
2 

de
gr

ad
er

dE in S4 MUSIC
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∆𝐐 = 𝟎 

A/Q

Z

Fr
Rn
At
Po

∆𝐐 = 	+𝟏𝒆

A/Q

Z

Fr
Rn

∆𝐐 = 𝟎 

∆𝐐 = 	+𝟏𝒆

∆𝐐 = 𝟎 
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Implantation profile

Implants

61%

58%

25%

17%
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Secondary reactions in S4 degrader

Z
ΔE SCI

Cut1

Cut0

bPlastic

AIDA

43

Cut0
Cut1

Rn
Z=86

Cut0

Cut1



Fission fragments contribution
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AIDA 1

AIDA 2

AIDA 3

• Implantation rate: ~10% pps per detector

• Fission fragments contribution: ~90%
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ID plot for Dataset2

Not-fully achromatic mode 

↓

High overlap in implantation
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Sb

Sn

In Cd



Available theoretical models

21/06/24 Marta Polettini

Global models providing full b-decay tables for n-rich 
isotopes:

• P. Möller et al. (2019) 
o ground state masses based on FRDM, 

o b-decay half-lives determined from QRPA

• T. MarkeSn et al. (2016) 
o self consistent, microscopic descrip4on based on 

RHB

o even ground states computed for odd-A and odd-
odd nuclei

• E. M. Ney et al. (2020) 
o microscopic descrip4on based on a global Skyrme 

density func4onal

o Equal filling approxima4on applied to describe odd-
A and odd-odd nuclei

46

T. Markeln et al., Phys. Rev. C 93 (2016) 025805

Small error in Q-value 

→ large effect on the 𝑇 ⁄! "

𝑇 '" $
∝

1
𝑆!(𝑄! − 𝐸∗))
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The S2 detectors

• 2 TPC detectors for position measurements

• 2 scintillators for TOF determination

• XY slits

• Degrader wedge
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The S4 detectors

• 2 TPC detectors for position measurements

• 2 MUSIC detector for Z measurements

• XY slits

• 2 scintillators for TOF determination

• Degrader
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Detectors along FRS

S2S1 S3
S4
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S2

S4

Time Projection Chamber (TPC)

ToF for Rn isotopes

Plastic scintillators

Po
At

Rn Fr

Ra Ac

Th

Multi Sampling Ionisation 
Chambers (MUSIC)
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The AIDA detector
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DSSD Sles: 8 cm x 8 cm, 1 mm thick, 0.056 mm pitch

Data organised as:
• Event number
• DSSD layer number,
• Strip X,Y 
• Posi4on X,Y in mm  
• Energy (MeV for implants, keV for decays)
• Energy X,Y
• Cluster size X,Y 
• Time (10 ns precision for implants, 2 μs for decays)
• Time X,Y
• Fast 4me (10 ns precision for implants and decays)
• Stopped (if the implant is stopped in the DSSD) 
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The bPlas=c detector
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Two 3mm thick plastic scintillator coupled to SiPMs

• Energy info conveyed by a time over threshold spectrum 

• Timing measurements as time difference between two channels

Plot bplast ion-gated and spill off
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𝜀	~	1.5%, 𝑅~	0.4%	@	1.3𝑀𝑒𝑉

The g detector array

Marta Pole1ni21/06/24

FATIMA - 36 LaBr3(Ce) detectors

HPGe - 4 EUROBALL 7-fold clusters

𝜀	~	3%, 𝑅~	3%	@	1.3𝑀𝑒𝑉
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MUSIC: calibra=on and gain-matching
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Two methods:

• Offset calculated between the strongest Z 
peak and the correspondent Z=89

• Linear calibration considering Z=87,88,89
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Angle correction
• The ions’ trajectory is defined by their Bρ, which has a 

dependence on A/Q

• AberraSons of beam opScs → angular dispersion of 
         ~10mrad
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S4 degrader thickness calibra=on

Calculated degrader offset: 

∼ 165 mg/cm2. 

Procedure:
• low intensity primary beam and varying the degrader thickness
• rate ratio between AIDA layers and SC41 

55



Specific setup for S496
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Triple AIDA and bPlast

• 24	×	8 cm2

• 384	×	128 strips (49152 pixels)

RIB

bPlast1 bPlast2AIDA

3 mm 3 mm2 mm
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