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Physical Motivation
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100Sn β-Decay – GT Strength

Single particle energies for shell model orbitals in 100Sn

forbidden
transition due to
Pauli - principle

β+: Q=M(Z+1)c2-M(Z)c2-2mec2

EC: Q=M(Z+1)c2-M(Z)c2-BE(K-Electron)

 Almost the whole strength of the GT  
    resonance is covered by the energy 
    window of the β-decay

100Sn is an ideal testing ground to investigate

Pure GT Spin-Flip Transition:

       0+  => ( π g9/2
-1   ν g7/2 ) 1+

Calculation of the distribution of the GT strength: 

97 % of the whole strength is concentrated in a 
single state, which is accessible in the beta-decay

the GT-strength:

B. A. Brown and K. Rykaczewski, 
Phys. Rev. C 50 (1994) R2270.
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100Sn β-Decay – GT Strength II

Theoretical (green) and experimental values (blue) 
of the GT strength of some  even-even tin isotopes

Gamow Teller strength in the extreme
single-particle shell model
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Calculation of the GT strength in the case of a pure 
Gamow-Teller Decay, which populates exactly
one excited state in the daughter nucleus, 
using measured values:

ratio of the axial-vector to 
the vector coupling constant

f(Z,E0)∝E0
5 Fermi integral (phasespace!) – 

strong energy dependence 

correlations

A. Bobyk & W. Kaminski, 2000A. Stolz et al., 2001
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Ground State 6+

GT Decay into 1+

9/2-7/2 9/2+7/29/2-5/2 9/2+5/2

Phys. Rev. C 70, 034310 (2004)

100In: Test of p-n interaction
Shell model calculation of excited states in 100In

CD Bonn Nucleon-Nucleon potential

Model space for protons g9/2, p1/2, p3/2 and f5/2
Model space for neutrons d5/2, g7/2, s1/2, d3/2, h11/2

Single particle energies: odd tin isotopes, odd N=50 isotones

Neutron d5/2, g7/2 almost degenerate 
 splitting of multiplets depends on the 
     different strength of p-n interaction of 
     Pg9/2 Nd5/2, Pg9/2 Ng7/2 
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100Sn Isomer 
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Theoretical predictions for the 100Sn level scheme

calculated by
H. Grawe et al.
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year where production events quantity

1994 GSI fragm. 124Xe 7 T1/2 E(β ) E(γ ) S139
1994 GANIL fragm. 112Sn 11 ident.
1996 GANIL fusion 11 ∆ m
1998 GSI fragm. 112Sn 1 T1/2 E(β ) E(γ ) S192
2007 MSU fragm. 112Sn 14 T1/2

2008 GSI fragm. 124Xe 259 T1/2 E(β ) E(γ ) S330

Half life T1/2 = 1.0 (+0.54 –0.26) s

Beta-endpoint energy 

E(β0) = 3.8 (+0.7 –0.3) MeV
QEC-value g.s. to g.s.  

QEC = 7.2 (+0.8 –0.5) MeV

Gamow-Teller-strength 

BGT = 5.8 (+5.3 –4.1) 



Technische Universität München

Experimental Setup
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identification F2-F4: ∆E             => Z
Bρ(x,x´,α´)  =  β γ A/q m0c

      q =  Z
TOF            => β

∆A = 0.42 (FWHM)
∆Z = 0.32 (FWHM)

resolution 100Sn setting:

F2

F4
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Implantation
RISING

SIMBA
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Technische Universität MünchenOutlineSilicon Implantation Detector
and Beta Absorber SIMBA
constructed in Munich

5MeV positrons stop 
in 10mm silicon

4π - Detector for
- α - decay
- β - decay
- proton emission

  Half life
  between 
  a few ms and
  at least
  some seconds
  depending on the
  background

Number of pixels in the 
implantation zone: 3x60x40 

= 7200

7 x-strips

10 SSSD  
60x40x1 mm3

3 DSSD  60x40x0.7 mm3

Gassiplex+ Mesytec

X SSSD  60x60x0.3 mm3

Y SSSD  60x60x0.3 mm3 R - chain

100Sn7 x-strips

10 SSSD  
60x40x1 mm3

β+



Technische Universität München

Selected Results
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100Sn Setting (full statistics)

A/Q

Z

Te

Ag

Cd

In

Sn

Sb

N=Z+2N=Z+1N=ZN=Z-1

259 100Sn σ=6pb 
103Sb?

99Sn

97In

95Cd
96Cd

93Ag

15 days
Fragment with the highest
ion optical transmission

2.0
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97In

96Cd

93Ag

103Sb no!

99Sn

95Cd

T 1/2
 > 

0.2
 µs

T1/2 < 50 ns

103Sb: dominant p-decay 93Ag: persumably p-decay97In: dominant β-decay

K. Straub

Discovery of exotic nuclei
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Signature of other particles 
flying through the detector 
 – Bremsstrahlung with 
high multiplicity

200 100Sn implanted  Isomeric Ratio 50%  T1/2 ~ ToF  Efficiency 10%-15%: 5-8 Gamma rays 

4 isomer decays after ToF=200ns
decaying within 25 ns ?

?
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Lipoglavsek et al., PLB 1998

E(6-4) = 48keV

Grawe, Gorska et al.
Andreozzi et al.

87keV

B(E2)=3.2(1) W.u.
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101Sn β-delayed Protons 

Gamma radiation 
coincident with the protons

AME 2003

AME 2003

1084 events

of 5600 decays
511 keV
1659 photons

1004 keV
2+-0+

in 100Cd

K. Straub

Silicon energy in keV
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100Sn Decay Analysis T1/2 

100Sn
only 1st decays

no fit

require same position within ± 1mm in x,y,z

record all decay triggers within 15 s (β+ of 3 generations)

Maximum Likelihood analysis varying the 100Sn half-life
with known: daughter decays,
efficiencies, dead times, background

Correlation of Implantation and Decay

T1/2 = 1.16 ± 0.20 s 

  Comparison:

  MSU 2007 0.55         s

  GSI 1997 0.94         s+0.54
 -0.26

+0.70
 -0.31

result of MLH analysis
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100Sn Beta Endpoint Energy 

region for centroid

no fit

100Sn
β spectrum

conv. line? No!

Extraction of Beta Spectrum
Sum over total energy within 3 s after implantation in implantation zone + calorimeter

Tracking of decay positrons in each silicon detector

from centroid
Emax = 3.29 ± 0.20 MeV
QEC = 4.31 ± 0.20 MeV

to excited state

 => Iβ
+ = 87%

log ft = 2.62 ± 0.14  
that‘s record

Assumption: Only one final state in the daughter nucleus is populated

analyzed region
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Nuclear Data Sheets 84 (1998) 487
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100Sn Gamow Teller Strength 

BGT > 3 to a single state: Super Gamow Teller transition in 100Sn

A. Bobyk & W. Kaminski, 2000
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A. Stolz et al., 2001

LSSM Calculation  
reproduces the measurement well
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100Sn Decay Gammas I 

Gamma Spectrum after Beta Decay of 100Sn

100Sn
β-delayed  γ

511

all events  within 4 s after implantation
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100Sn Decay Gammas II 

Gamma Spectrum after Beta Decay of 100Sn

100Sn
β-delayed  γ

all events  within 4 s after implantation

511

γ intensities
corrected for efficiency
and M1 conversion

70 100Sn  β+ decays

111 total  β+ decays

Gamma Intensities
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1+ to 6+ M1 transitions in cascade

Pro:       observed intensities

Contra:  1+,2+,3+ too high in energy
              Possible Proton decay
              branch, 1+ at 4 MeV      

E [MeV]

Spin

100In
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High energy transitions in parallel
2MeV transition goes to isomeric
state

Pro:      1+ state lower in energy

Contra: 1+ and 2+ already too low in energy
             branching ratio 1:1 not expected
             matrix elements would lead to 4:1 favouring the 
             2MeV transition 

Spin

E [MeV] 100In
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2 MeV line feeds the cascade
Branching ratio 1:1, 
1 MeV transition ends (?)
Isomeric State? No!
Intensity split? Perhaps

Pro: All states have reasonable
        energies

Spin

E [MeV] 100In
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  Already today possible at GSI:  1 100Sn / hour
   

Concerning 100Sn:   T1/2,  Eβ
max,  Eγ,  BGT

100Sn – remarkable Results:

Super GT decay, smallest log-ft value
LSSM calculations: successful description of the nucleus 
Shell closure is well pronounced

Excitation structure of 100In remains unclear  better statistics is necessary 

        First observation of 95Cd, 97In, und  99Sn   

Non-observation of 103Sb:  T1/2 < 50 ns  
        New Isomeric Transition in 102Sn 

101Sn: Details about the beta delayed proton decay 
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100Sn at RIBF + RISING

More precise value of GT-strength in the 
decay of 100Sn as a precision test of LSSM 
calculations

Clarify excitation structure of 100In  (Gamma-
gamma coincidences)

Spectroscopy of 99Sn ? 
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Thank you for your attention!
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