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Scientific Program 

 
Day 1: Polarized Beams/Targets and Diagnostics 

Session 1 Chair: James Ritman 
08:45 – 09:00 Opening Speech Zhiyu Sun (IMP) 
09:00 – 09:30 Status of FAIR  Paolo Giubellino (GSI/FAIR) 
09:30 – 10:00 Status of HIAF Jiancheng Yang (IMP) 
10:00 – 10:30 Polarized Ion Source Development at IMP Liangting Sun (IMP) 
10:30 – 11:00 Tea Break 
11:00 – 11:30 Polarimetry for Future Hadron Facilities at IMP  Boxing Gou (IMP) 
11:30 – 12:00 Polarized Beams from Plasma Accelerators Markus Büscher (FZJ/HHU) 
12:00 – 14:00 Lunch Break 

Session 2 Chair: Nu Xu 

14:00 – 14:30 
Isovector Reorientation Effect in Deuteron Scattering off Heavy 
Target Zhigang Xiao (THU) 

14:30 – 15:00 A New Concept for Polarized 3He+ Ion Source Ralf Engels (GSI/FZJ) 

15:00 – 15:30 
The Polarized Storage-cell Target at ANKE@COSY and Future 
Developments for LHCb@CERN Tarek El-Kordy (FZJ) 

15:30 – 16:00 Polarized 3He Capability at the China Spallation Neutron Source Xin Tong (CSNS) 

16:00 – 16:30 Tea Break 

16:30 – 17:00 New Developments for Lamb-shift Polarimeter Nicolas Faatz (FZJ/RWTH) 

17:00 – 17:30 “Polarized Fusion” – An Old Idea Might Become True Ralf Engels (GSI/FZJ) 

17:30 – 18:00 GSI-IMP MoU Signing Ceremony All 

19:00 – 21:00 Dinner 

  

Day 2: Polarization for Atomic/Nuclear Physics 
Session 3 Chair: Yuri Litvinov  

09:00 – 09:30 Vortex Ion Beams Dmitry Karlovets (ITMO) 

09:30 – 10:00 Polarization Degree of Freedom in Atomic Collisions Anna Mayorova (Hi-Jena) 

10:00 – 10:30 Atomic State Population Dynamics at CRYRING@ESR Wilfried Noertershauser (TUD)  

10:30 – 11:00 Tea Break 

11:00 – 11:45 GSI/FAIR Storage Rings and Quest for Polarized Beams/Targets Thomas Stöhlker (GSI) 

11:45 – 12:30 IMP/HIAF Storage Rings and Quest for Polarized Beams/Targets Xinwen Ma (IMP) 

12:30 – 14:00 Lunch Break 
Session 4 Chair: Xinwen Ma   

14:00 – 14:30 Influence of Atomic Shell on Nuclear Decays Yuri Litvinov (GSI) 

14:30 – 15:00 
Polarization and Detection of Polarized Nuclei and (anti)Protons 
in Novel Contexts Dmitry Budker (GSI/HIM) 



Nuclear weak decay in general form:

i) continuum beta decay:

ii) two-body beta decay:

Orbital electron capture (EC)

Free electron capture

Weak decays



Two-Body Beta Decay
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Production & Separation of Exotic Nuclei

Highly-Charged Ions (0, 1, 2 … bound electrons)
In-Flight separation within ~ 150 ns
Cocktail or mono-isotopic beams

Primary beams @ 400-1000 MeV/u



ESR: The experimental Storage Ring



Electron Cooling
momentum exchange with 'cold', 
collinear e- beam. The ions get the 
sharp velocity of the electrons, 
small size and divergence 



Non-Destructive Particle Detection

Courtesy F. Nolden and M. S. Sanjari
GSI Helmholtzzentrum für Schwerionenforschung GmbH M Shahab Sanjari - 2019-10-02 - RIKEN, Wako

Resonant Cavity Pickups

▪ Resonant cavities 
▪ Wake fields 
▪ Surface current 
▪ Shape modes using proper 

design

GSI Helmholtzzentrum für Schwerionenforschung GmbH M Shahab Sanjari - 2019-10-02 - RIKEN, Wako

Resonant Cavity Pickups

▪ Resonant cavities 
▪ Wake fields 
▪ Surface current 
▪ Shape modes using proper 

design
Monopole Dipole Quadrupole

Electric

Magnetic
F. Nolden et sl., Nucl. Instr. Meth. A (2011) S. Sanjari et al., Rev. Sci. Instr. (2020)

The goal: to measure non-destructively the revolution frequency 
of a single ion within a few miliseconds



Nuclear Decays of Stored Single Ions

Time-resolved SMS is a perfect tool to study decays in the ESR



Two-Body Beta Decay



Orbital Electron Capture Decay of Few-Electron Ions

Allowed Gamow-Teller Transitions
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Orbital Electron Capture Decay of Few-Electron Ions

S-electron density at the nucleus:

|fS(0)|2 µ 1/ n3

PEC (neutral atom) µ 2 å 1/ n3 = 2.4

PK (H-like) µ 1 * 1/ 13 = 1

Conclusion:
H-Like ion should have 41% 
longer half-life 

λEC(H-like)/λEC(He-like) ≈ 0.5

Conventional EC-theory: W.Bambynek et al., Rev. Mod. Phys 49, 1977



Orbital Electron Capture Decay of Few-Electron Ions

Yu.A. Litvinov et al., Phys. Rev. Lett. 99 (2007) 262501 N. Winckler et al., Phys. Lett. B579 (2009) 36

Expectations: λEC(H-like)/λEC(He-like) ≈ 0.5



Orbital Electron Capture Decay of Few-Electron Ions

Yu.A. Litvinov et al., Phys. Rev. Lett. 99 (2007) 262501 N. Winckler et al., Phys. Lett. B579 (2009) 36

Expectations: λEC(H-like)/λEC(He-like) ≈ 0.5

λEC(H-like)/λEC(He-like) = 1.49(8) λEC(H-like)/λEC(He-like) = 1.44(6)



Orbital Electron Capture Decay of Few-Electron Ions

Allowed Gamow-Teller Transitions

I = 1

S = 0

EC
I = 0

s = 1/2

F = 1 F = 1

s = 1/2



What happens in 111Sn ?Spokesperson: Ragandeep Singh Sidhu

F = I + s
4

3
F = I + s

5

4

Electron screening in beta decay

Yu.A. Litvinov, Int. J. Mod. Phys. E18 (2009) 323

µ = +0.61µN
µ = +5.50µN



Three Parent He-Like 142Pm Ions
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Three Parent He-Like 142Pm Ions

I = 1

S = 0

EC
I = 0

s = 1/2

s = 1/2

νe

recoil

Beam 
direction

θ

CM

pR cos(θ)

Δf = ± 3.91 kHz 
(120 ch)

ν emitted forward

ν emitted backward



Revolution-frequency difference δf of the recoils just after decay

For a (longitudinally) unpolarized beam the
distribution should have a rectangular shape

For a (steadily controlled) polarized beam
the distribution would provide the helicity of the neutrino

From vr and mr one gets the momentum of the
(monochromatic) neutrino: (pc)d = md cvd = (pc)v

From mp and md one gets its energy: Eν = (mp – md) c2
and then  βν = Eν /(pc)ν

Vr
↓

Vr
↓

decay at f = fd (cool) 

decay at
f = fp(cool)



What happens in hydrogen-like 55Fe ?



Electromagnetic Transitions in Highly-Charged Ions
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15O(a,g)19Ne reaction for the rp-process 

Population of 4.033 MeV level in 
19Ne via (p,t) reaction on 21Ne

Measure g and a branching ratio



First transfer reaction measurement at the ESR

Experiment: 08-14 October 2012

20Ne(p,d)19Ne
reaction

108 20Ne ions
@ 50 MeV/u

1013 H2/cm2

gas target

Electron 
cooler

ESR

D. Doherty et al., Phys. Scr. T166 (2015) 014007 
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Figure 2. 19Ne excitation energy spectrum obtained for a single pocket position. The red line is the total fit to the data while the arrows above
the data represent the literature values for known 19Ne states, in this excitation energy region, from [15]. This figure is taken from [13].
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Summary and Outlook

Polarisation degree of freedom in radioactive decays of highly charged ions is largely unexplored   

Electron capture decay can be employed to detection of spin orientation of a stored beam

? Conservation of angular momentum / parity

? Helicity of electron (anti)neutrino

? Selection rules in electromagnetic transitions

Vortex beams: Is there a time-dependent decay-rate?

Nuclear reaction rates: Enchancement/reduction due to the relative spin orientation;
Addressing selected reaction channels 


