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Nuclear Physics with Ion Traps 

Subjects: 
 
Penning and Paul traps as a novel approach to 
precision studies of ground state properties of 
exotic nuclei. 
 
Focus of this talk will be on 
- Fermi decays and Standard Model 
- structure studies of medium-mass     
   neutron-rich nuclei by mass measurements 
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Relevant mass-accuracies in nuclear physics 

 

 Nuclear structure (10-100 keV) 
   Global correlations (100 keV) 

 Local correlations (10 keV) 

  shell structure, spin-orbit interaction, pairing, collectivity 

 Drip-line phenomena, halos, isomers (1 keV) 

 Isotope & isomer decay spectroscopy (< 0.5 MeV) 

 

 Nuclear astrophysics (≥ 1 keV) 

 

 Isospin symmetry in nuclei (≤ 1 keV) 
 Isospin multiplets  

 Coulomb energy differences 
 

• Tests of Standard Model (≤ 100 eV) dm/m < 1·10-9 
 Nuclear b decay. Electroweak interaction 

 CVC theory and unitarity of the CKM matrix 

 Double b decay 

 Neutrino mass from beta decay(< 0.1 eV) 
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Penning trap - single ion device 
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Special issue for IGISOL Science  Today: 

IGISOL and JYFLTRAP operate @ 

MCC30 & K130 cyclotrons. 

Laser hut Penning traps 

RFQ-buncher 
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JYFLTRAP mass measurements 

1. N=50 shell closure 

2. N≈60 subshell 

3. 132Sn region 

~0.1…20 keV precision (10-9…10-7) 

•Nuclear structure 

•Nuclear astrophysics (r-process) 

rp, νp process 

SnSbTe 

58Ni 

0+ → 0+ 
IMME 
mirror 
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CKM matrix 
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ISOLTRAP 

CPT-Argonne  

LEBIT 

JYFLTRAP 

Texas A&M 

Hardy-Towner review for Vud coupled with PDG 2014 for Vus and Vub 

Unitarity is fully confirmed by this data ! 

Hardy and Towner,    Phys. Rev.  C 91, 025501 (2015)  
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Mass measurements of neutron-rich isotopes of medium mass. 
Major revision of binding energies of fission products. 

A. Kankainen, J. Äystö, A. Jokinen, J.Phys. G. Nucl. Part. Phys. 39 (2012) 093101 
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2003 mass evaluation and the PT data 
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Mass models vs. improved data 
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P. G. Reinhard, D. J. Dean, W. Nazarewicz, J. Dobaczewski, J. A. Maruhn, and M. R. Strayer,  

Phys. Rev. C 60, 014316 (1999). 

-Spherical HFB calculations with an SkOT functional include the tensor term 

From: 
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Nucleon separation energies: reflection of s.p. energies 



Evolution of  N=50 shell gap 

M. Bender et al. PRC 78 (2008) 054312 
J. Hakala et al. PRL 101 (2008) 052502 

R.N. Wolf et al. PRL 110 (2013) 041101 

82Zn 

15 



COLLINEAR LASER SPECTROSCOPY WITH BUNCHING 

DC-cooling:  E ~ 40 keV, dE < 1 eV 

transmission > 60% 

Bunching: from .1 ms to 10 ms 

Accumulation time 10 ms - 10 s 

Buffer gas cell, pHe ~ 0.1 mbar

Deceleration

Collisional cooling in an 

RF-quadrupole Acceleration

Beam in Beam out

40 kV

Turbo pump

500 l/s

Turbo pump

1300 l/s

Turbo pump

900 l/s

High vacuum 10-6 mbar

Intermediate vacuum 10-4 mbar Electrodes

HV isolator

Laser 

beam 

174Hf 

2∙104 improvement of SNR 
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Charge radii and two-neutron binding energies 

Collinear laser spectroscopy: 

PRL 89 (2002) 082501 

PLB 645 (2007) 133 

PLB 674 (2009) 23 

PRL 102 (2009) 222501 
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Neutron-rich masses close to 132Sn 

JYFLTRAP 

ISOLTRAP 

T1/2 ≈100 ms 

J. Hakala, J. Dobaczewski et al., 
PRL 109 (2012) 032501 
A. Kankainen, et al.,  
Phys. Rev. C 87 (2013) 024307  

Isomers!  

(T1/2 > 100 ms) 

Agreement with 
ISOLTRAP data 
Is PERFECT! 
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Odd-even staggering (OES) in nuclear masses 
 a measure of empirical pairing gap 

3-point formula 

OES mostly depends on the intensity of nucleonic pairing 

correlations in nuclei but is also affected by the polarisation effects! 

OES(Nodd)  measure of pairing effects 

 

OES(Neven)  impacted by single particle states around Fermi level 
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Odd-even staggering across the N=82 shell closure 

J. Hakala, J. Dobaczewski et al., 
PRL 109 (2012) 032501 
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Conclusion:    The N=81- 83 asymmetry in staggering indicates 

  - exclusion of pure surface pairing force 

  - significant role for polarization effects for Te and Xe !?  

  - same behaviour observed with Gogny interaction! 

                                                 * Robledo, Bernard, Bertsch, PRC 86(2012)064313 

Dobaczewski, Flocard, Treiner, Nucl. Phys. A 422(1984)103 

         Spherical self-consistent calculation using  

                              Sly4 energy density functional plus contact pairing  
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L. Coraggio et al,  

PRC 88(2013)041304(R) 

 

Spherical Shell Model calculation 

with proton-neutron effective 

interaction included. 

Mean field calculation with 

SLy4 functional  in spherical 

and deformed  basis. 

 No success! 
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Summary 

 

• Our knowledge of binding energies of neutron and proton -rich nuclei has 
experienced a major revision during the last 15 years due to Penning-trap 
technique applied at different accelerators. 

 

• More than 1000 new masses have been measured with uncertainties of a 
few keV or less addressing a number of important (fundamental) issues for 
nuclear structure physics. 

 

• The present data set provides a true challenge for future developments of 
mass models and nuclear structure theories when approaching the limits 
of nuclear stability and using nuclei as laboratories for fundamental 
physics. 

 

• Future of the field will strongly be impacted by the in-flight facilities such 
as RIBF at RIKEN, FRIB at NSCL and FAIR. 
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