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1- Beta decay studies : general motivations 

 
- most of the nuclei decay by b+ or b- 

 ~260 stable 
 ~3000  6000 b-decay 
 ~100 fission 

- often the primary source of information about 
  newly identified nucleus 
 - T1/2, Pn, Qb value   few decays per day 
 - Spin, excited states   few decays per second 
 - Full spectroscopy    100/1000 decays per second 

- understanding of the creation of the heaviest elements in explosive stellar processes 

- important for applications 
 - for nuclear reactors : 7-8% of the heat is generated by radioactive decay of  
           fission products 

- study of fundamental interactions 
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1- Beta decay studies : experimental constraints 

 
Beta decay pattern  

 need for complementary and  
      sophisticated experimental setups 

In exotic nuclei       large Qb-values   wider range of states can be populated  
     can access to a "large" fraction of the GT strength 
 
      constraints on the detection system 

Near the stability   small Qb-values   decay schemes simple, few states are populated 
 
      experiments are "easy" 
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1- Beta decay studies : experimental requirements 

 

Spectroscopy of low lying discrete states : 

Measurement of the GT strength : 

- charged particles (b's, e-, p…) 
Pl; Si 

- g-rays 
 Ge array for energy resolution 
 Fast scintillators for timing properties 

- delayed neutrons 
 3He counters, Liquid scintillators, Plastics… 

- Total Absorption Spectrometer 
 use of large scintillator crystals viewed by PM's 

Detectors 

Ancillary systems 

- Fast tape system 
measurement of T1/2 

 removal of daughter activities 

- Purification devices 
 magnetic separators (HRS), Penning traps, MR-TOF-MS 
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1- Beta decay studies : examples 

 BEDO/TETRA setups @ ALTO/IPN Orsay 
 ISOL installation based on photofission  
  1011 fission/sec in the target 

BEDO b-decay 
station 

TETRA n-detector 
3He counters 

BEDO b-decay station 
2 CLOVERS 
2 coax 
1 big LaBr3 

Identification Station 
b-delayed CE and γ 
LN2-cooled SiLi detector  
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1- Beta decay studies : examples 

 

IPN, coll. CSNSM, IPHC IPN, coll. JINR (Russia), IPHC IPN, coll. CSNSM, TANDAR 
(Argentina), INRNE (Bulgaria) 

BEDO setup  
in gamma mode 
4 small EXOGAM 

clovers 

BEDO setup  
in neutron mode 
Dubna neutron 
detector TETRA 

BEDO setup  
fast timing mode 

LaBr3 

PhD: A. Etilé (CSNSM) 

PRC 91, 064317 (2015) 
PhD: D. Testov (IPN) 

NIM A815, 96 (2016) 

M.A.Cardona, D.Hojman, 
B.Roussière, I.Deloncle et al.  

to be submitted 

BEDO/TETRA setups @ ALTO/IPN Orsay 
 ISOL installation based on photo fission  
  1011 fission/sec in the target 

courtesy of D. Verney 
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1- Beta decay studies : recent results 

 A. Gottardo et al,  
ALTO 

M. Madurga et al,  
Oak-Ridge 
U. of Tennessee 
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1- Beta decay studies : LoI's@SPES 
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Lucrecia at ISOLDE/CERN 

NaI single-crystal Φ38cm x 38cm 

(+ ancillary detectors )Ge for X-rays  

and plastic for β particles 

Radioactive beam 

Valencia-Surrey-Strasbourg 

Shielding  
Polyethylene 

Lead 
Copper 

Aluminium 
 

1- Beta decay studies : examples 

 TAS setup Lucrecia @ ISOLDE/CERN 

collaboration :  

courtesy of B. Rubio 
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E. Nacher et al., PRL.92, 232501 (2004) 

76Sr 

A. Pérez-Cerdán et al. PRC88 (2013) 014324 

78Sr 

J. Briz et al, PRC 92(2016) 054326  

72Kr 

E. Poirier et al., PRC 69, 034307 (2004) 

Mixture  
74Kr 

1- Beta decay studies : examples 

 TAS setup Lucrecia @ ISOLDE/CERN 
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2- Laser spectroscopy : general motivations 

 Laser spectroscopy allows to determine fundamental properties of nuclei (gs or long lived 
isomers) from the knowledge of the energy of the atomic levels. 

2s 2s1/2 

2p 
2p1/2 

2p3/2 

3/2 
5/2 

3/2 
5/2 

5/2 
7/2 

1/2 
3/2 

Fine structure Hyperfine structure 

~10 GHz 

~10 MHz 

~106 GHz 

Electron : 
J=L+Se 

Electron + Nucleus : 
F=J+IN 

Isotope shift of an atomic transition 

 yields the change in nuclear mean  
square charge radius 

Hyperfine factors 

 give access to the nuclear spin I, magnetic 
(m) and quadrupole (Q) moments 

nuclear shape/deformation in ground and isomeric states 

NB: the laser spectroscopy methods are well suited for nuclear states with T1/2 in the range of msec to sec 
      particularly well suited for ISOL facilities 
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2- Laser spectroscopy : experimental considerations 

 Two main laser spectroscopy methods : 

 In source laser spectroscopy 

Gaussian velocity distribution 
Laser Spread  

 
 

  

 isotope shifs measurements 
 

 beam purification (Z selection) 
 

 isomeric beam production 

resolution ~GHz 

Development of the "in jet laser spectroscopy" , resolution around 150 MHz (S3-LEB) 

T. C
o

co
lio

s et al. 



Third International SPES Workshop - Padova, october 10-12, 2016 Stéphane Grévy 

2- Laser spectroscopy : experimental considerations 

 Two main laser spectroscopy methods : 

 In source laser spectroscopy 

 Collinear laser spectroscopy 

Spectral lines of 
Mg isotopes  
(A=22 to 32) 
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2- Laser spectroscopy : experimental considerations 
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2- Laser spectroscopy : experimental considerations 

 

Collinear Resonance 
Ionization Spectroscopy 
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2- Laser spectroscopy : experimental considerations 

 

Spectral lines of 
Mg isotopes  
(A=22 to 32) 
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2- Laser spectroscopy : experimental considerations 
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2- Laser spectroscopy : recent results 

 Unexpectedly large charge radii of neutron-rich calcium isotopes  
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post acceleration 
& neutralization 

laser and ion beam coupling 

fluorescence detection 

β-delayed spectroscopy 
of polarized beams 

γ detection 

β detection 

n detection 

2- Laser spectroscopy : future developments 

 
courtesy of D. Yordanov 
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CHEMISTRY 

PLASMA PHYSICS 
Ordered structures 

METROLOGY 
kilogram 

fine structure constant 
frequency standards 

ION BEAM MANIPULATION 

cooling accumulation 

beam-bunching     new accelerator concepts 

ultra-high mass separation 

ATOMIC PHYSICS 
MOLECULAR & CLUSTER PHYSICS 

laser + microwave 
spectroscopy 

Reactions, life-times 

TEST OF  
FUNDAMENTAL  INTERACTIONS 

CVC 

parity violation 

CPT, QED 

NUCLEAR STRUCTURE 

nuclear binding energies 

laser spectroscopy 

decay spectroscopy 

3- Trap assisted spectroscopy : general motivations 

 Traps are used in many domains of physics and in particular : 
 - nuclear structure  precision measurements 
 - test of fundamental interactions 
 - ion beam manipulation  RFQ's and ultra high mass separation 
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Traps in nuclear physics  

Complex systems : need for cooled and bunched beams  

3- Trap assisted spectroscopy : experimental considerations 
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Production rates of ~10 ions/s 
 

Mass measurements via S2n  
establish new magic number  
at N = 32 
 

Correct prediction from  
3N-forces (A. Schwenk et al., TUD) 
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Z=20 Ca 

N = 28 magic  
     number 

N = 32 magic number 

53,54Ca 
B 

51,52Ca 
R. Wolf et al., Int. J. Mass Spec. 349, 123 (2013) 

T. Dickel et al., Nucl. Instrum. Meth. B 317, 779 (2013) 

extrapolation 

2- Trap assisted spectroscopy : mass measurements 

 - mass measurements 

 Penning trap ISOLTRAP 
  JYFLTrap 
  SHIPTrap 
  MLLTrap@ALTO 
  … 

 MR-TOF-MS ISOLTRAP 
  In development everywhere ! 
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2- Trap assisted spectroscopy : trap assisted spectroscopy 

 - trap assisted spectroscopy and purification devices 
 Penning trap as high-resolution mass separator to prepare state-selected pure sample 

- Clean spectra 
- Detailed nuclear structure  
 information 

TASISpec with SHIPTRAP @ GSI 

 Mass resolution > 105 (Isobaric and isomeric cleaning)  

  totally pure samples 

 Purify very large samples of ions  

   > 105 ions/bunch; ~10Hz  > 106 ions/s 

    (Large ratio contamination/ions of interest) 

 "Fast" cleaning process (50 – 500 ms) 

Double Penning trap system 
selection 
accumulation 

PIPERADE @ SPIRAL2 

Pionner work @ JYFLTrap 
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2- Trap assisted spectroscopy : in trap spectroscopy 

 - in-trap spectroscopy  

Test of fundamental  interactions 

 “detector trap”: α-detectors act as trap electrodes 
 

    Customized α-detectors were developed and characterized for the cryogenic  
        and UHV-conditions (Si-strip detector, 30x30 mm², 30 strips, α resolution ~ 20 keV)  

 C. Weber et al., Int. J. Mass Spectrom. 349-350, 270 (2013)  
 C. Weber et al., Nucl. Instr. Meth. B 317, 532 (2013) TRAPPED SHORT-LIVED ISOTOPE  

EMITS  a PARTICLE AND ELECTRONS 

POSITION-SENSITIVE 

ELECTRON DETECTOR 

DETECTOR TRAP OF 

Si-STRIP SENSORS 

MAGNETIC FIELD STRENGTH ALONG THE TRAP AXIS 

7 T 

DRIFT SECTION 

~ 7 mT 

pumping  
barrier 

drift 
section 

Conceptual layout Detector trap 

MLLTrap 

Beta delayed neutron using 
a transparent Paul trap 

LPCTrap@SPIRAL... 

courtesy E. Minaya 
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1. Beta decay setups 

2. Laser setups 

3. Trap setups 

Conclusions 
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 BESTIOL : BEta decay STudies at the SPIRAL2 IsOL facility 
 

 LUMIERE : Laser Utilization for Measurement and Ionization of Exotic Radioactive Elements  

 Collinear laser spectroscopy (CRIS-Like), Optical pumping line (LINO project at ALTO) 
and Laser spectroscopy with ConeTrap  

 

 DETRAP DESIR-TRAP                                              

 In-trap decay studies, mass measurements and trap-assisted spectroscopy 
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