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Beta decay

Nuclear weak decay in general form:

i) continuum beta decay:

ii) two-body beta decay:

Orbital electron capture (EC)

Free electron capture



Two-body beta decay



Nucleosynthesis on the Chart of the Nuclides

Astrophysical scenarios:
high temperature = 

high degree of ionization
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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

Transmission to the ESR of about 1%

Primary beams @ 400-1000 MeV/u

About 1000 nuclear 
residues identified

A/Z-resolution ~10-3

J. Pereira et al., PRC (2007)



Experimental Storage Ring at GSI

ESR: B. Franzke, NIM B 24/25 (1987) 18
Stochastic cooling: F. Nolden et al., NIM B 532 (2004) 329
Electron cooling: M. Steck et al., NIM B 532 (2004) 357



Electron Cooling

momentum exchange with 'cold', 

collinear e- beam. The ions get the 

sharp velocity of the electrons, 

small size and divergence 



time

SMSSMS
4 particles with 
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charge ratios
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Fast Fourier Transform

Schottky Mass Spectrometry



Broad-Band Schottky Frequency Spectra
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Capacitive Schottky Pick-Up in the ESR



Nuclear Decays of Stored Single Ions

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

EC, β+,β-, bound-state β, and IT decays were observed



Fully-Ionized Atoms

John N. Bahcall, “Theory of Bound-State Beta Decay”,
Phys. Rev. 124 (1961) 495 

John N. Bahcall, “Beta Decay in Stellar Interiors”, 
Phys. Rev. 126 (1962) 1143

Koji Takahashi, Koichi Yokoi, 
“Nuclear Beta-Decays of Highly-Ionized Heavy Atoms in Stellar Interiors”,

Nucl. Phys. A 404 (1983) 578

Koji Takahashi, Koichi Yokoi, 
“Beta-Decay Rates of Highly-Ionized Heavy Atoms in Stellar Interiors”,

Atomic Data Nucl. Data Tables 36 (1987) 375



Bound-State ββββ-decay



Bound-State ββββ-decay of 187Re

187Re0

10 keV

TT½½= 42 Gy;  Q = 2.7 = 42 Gy;  Q = 2.7 keVkeV

g.s.
β-

T½= 33 y

10 keV
g.s.

187187ReRe75+75+

βbQ = 62 keV

F. Bosch et al.,  Phys. Rev. Lett. 77 (1996) 5190 

E

The 7 Nuclear Clocks for the Age 

of the Earth, the Solar System, the 
Galaxy, and the Universe

5087Rb/87Sr (ββββ)

1.340K/40Ar (ββββ)

4.5238U…Th…206Pb (α,βα,βα,βα,β)

100147Sm/143Nd (αααα)

42187Re/187Os (ββββ)

30176Lu/176Hf (ββββ)

14232Th…Ra…208Pb (α,βα,βα,βα,β)

T1/2[109 y]clock

Clayton (1964): a mother-daughter 

couple (187Re/187Os) is the “best”

radioactive clock



Bound-State ββββ-decay of 163Dy

s process: slow neutron capture and β- decay near valley of β stability at 

kT = 30 keV; → high atomic charge state → bound-state β decay

branchings caused by bound-state β decay

M. Jung et al.,  Phys. Rev. Lett. 69 (1992) 2164 

T1/2 = 48 days



Bound-State ββββ-decay of 205Tl

F. Bosch et al.,  GSI Proposal, 1992 & 2010



Hydrogen-Like Atoms

I. Iben et al., “The Effect of Be7 K-Capture on the Solar Neutrino Flux”, 
Ap. J. 150 (1967) 1001

L.M. Folan, V.I. Tsifrinovich, 
“Effects of the Hyperfine Interaction on Orbital Electron Capture”, 

Phys. Rev. Lett. 74 (1995) 499 



Orbital Electron Capture in H-Like Ions



Orbital Electron Capture

Gamow-Teller allowed 

transition 1111+ + + + →→→→ 0000++++

Conventional EC-theory:

W.Bambynek et al., Rev. Mod. Phys 49, 1977

S-electron density at the nucleus:

|fS(0)|2 ∝∝∝∝ 1/ 1/ 1/ 1/ n3

PEC (neutral atom) ∝∝∝∝ 2 2 2 2 ∑∑∑∑ 1/ n3 = 2.4

PK (H-like) ∝∝∝∝ 1 ∗ 1 ∗ 1 ∗ 1 ∗ 1/ 13 = 1

Conclusion:

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

λEC(H-like)/λEC(He-like) ≈ 0.5





EC in Hydrogen-like Ions

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

λEC(H-like)/λEC(He-like) = 1.49(8)

Yu.Litvinov et al., Phys. Rev. Lett. 99 (2007) 262501

140Pr

λEC(H-like)/λEC(He-like) = 1.44(6)

142Pm

N. Winckler et al., Phys. Lett. B579 (2009) 36



I. N. Borzov et al., Phys. At. Nucl. (2009)

µ = +2.7812µN

Gamow-Teller transition 1+ → 0+

Electron Capture in Hydrogen-like Ions

Theory:

Z. Patyk et al., Phys. Rev. C 77 (2008) 014306

λ(H)/λ(He) = (2I+1)/(2F+1)

140Pr 
142Pm 

à 3/2

à 3/2
Ratio H/He: {

Theory Measurement

1.49 (9)
1.44 (6)



Some speculations on the EC-decay of 7Be 

(2I+1)/(2F1+1)Transition (F=1à F=1) is accelerated by i.e. by 8/3

of 7Be in this state (2F1+1)/((2F1+1)+(2F2+1)) = 3/8However, there are only 

A.V. Gruzinov, J.N. Bahcall, Astroph. J. 490 (1997) 437

Ionization of 7Be in the Sun can be ~ 20-30 %



Electron Capture in Hydrogen-like Ions

F = I + s
4

3
F = I + s

5

4

Possibility to address the electron screening in 
beta decay under very clean conditions !



Resonant Schottky Pick-up







142      59+
Pm

142       59+Nd

142      59+
Pm Nd

142       59+

Old Schottky
pickup
(1992)

30th

harmonic

New resonator
cavity
(2010)

124th

harmonic

First EC-decay of He-like 142Pm ions measured in E082

the same decay:

improvement by 

a factor of about 100



νe

recoil

Beam 
direction



CM

pR cos()

∆f = ± 3.91 kHz 
(120 ch)

ν emitted forward

ν emitted backward

3 parent ions: 2 EC-decays













CSRm-CSRe Complex at IMP in Lanzhou



FAIR - Facility for Antiproton and Ion Research

100 m

UNILAC

SIS 18 SIS 100/300

HESR
Super
FRS

NESR

CR
RESR

GSI todayGSI today

Future facilityFuture facilityESR

FLAIR



ILIMA: SetILIMA: SetILIMA: SetILIMA: Set----UpUpUpUp

Isochronous Mass Spectrometry

in the CR

Schottky Mass Spectrometry

in the CR & NESR



Experimental Collaboration
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