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First observation of β-delayed -proton decay in 56Zn 
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Z=28 

Z=20 

N=28 

N=20 

GSI GANIL 

RCNP Osaka 

 We performed a series of experiments aiming at the 

comparison between β decay in proton rich nuclei and 

Charge Exchange (CE) reactions on the stable mirror 

target 
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Complementarity of β decay and CE reactions 
 Under the assumption of isospin symmetry, mirror Fermi and Gamow Teller 

transitions are expected to have the same strength 

 β decay gives access to the absolute B(F) and B(GT) values 

 The CE cross section is proportional to B(F) and B(GT) 

• Y. Fujita et al., Physical Review Letters 95 (2005) 212501 

• Y. Fujita, B. Rubio, W. Gelletly, Progress in Particle and Nuclear Physics 66 (2011) 549-606 

st 

t t 

st 

 In the present case (T=2): 
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Implantation and decay (β, p) 
 16 strips X and 16 strips Y 
300 mm thick 
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4 EXOGAM clovers 
for gamma detection 
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 As expected, beyond the f7/2-shell the production is more difficult 

In 128 runs (3 days):  

Total 56Zn implantations = 8.9 x 103 

0.033 imp/s   ~ 2 imp/min 

Implanted 56Zn ions 
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Expected β decay of 56Zn (TZ = -2) 

 Since Sp = 560 keV, the decays is expected to proceed mostly by proton emission 

56Zn 
TZ = -2 

56Cu 
TZ = -1 

55Ni 
TZ = -1/2 

T = 2 

T = 2 

T = 1/2 

p 
IAS 

Sp = 560 keV 

T = 1 

β 



      Sonja Orrigo   12th International Conference on Nucleus-Nucleus Collisions, Catania, Italy          22/06/2015      9  
 

Measured DSSSD-decay-energy spectrum 

Ex(
56Cu) = Ep + Sp 

56Zn → 56Cu* + β+  

56Cu* → 55Ni + p 
β 

b-delayed protons        

S.E.A. Orrigo et al., Phys. Rev. Lett. 112, 222501 (2014) 
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Comparison of mirror transitions for A = 56 

 Isospin symmetry holds well ! 

 All the dominant transitions are 

observed in both β decay and CE 

starting from mirror nuclei 

 The Isobaric Analog State (IAS) 

is clearly identified in both spectra  

 In agreement with previous data 

(C. Dossat et al., NPA 792(2007)18) 

H. Fujita et al., Phys. Rev. C 
88, 054329 (2013) 

S.E.A. Orrigo et al., Phys. Rev. 
Lett. 112, 222501 (2014) 
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Half-life analysis for 56Zn (TZ = -2) 
using the β-delayed protons 

Literature: 
T1/2 = 30 ± 1.7 ms (C. Dossat et al., NPA 792(2007)18)  

56Zn 
TZ = -2 

56Cu 
TZ = -1 

55Ni 
TZ = -1/2 

T = 2 

T = 2 

T = 1/2 

β 

p 
IAS 

Sp = 560 keV 

 32.9 (8) ms   

 Each proton decay is correlated with all the implants happening in the same pixel of DSSSD 

decay decay decay decay decay decay decay decay decay decay 

S.E.A. Orrigo et al., Phys. Rev. Lett. 112, 222501 (2014) 
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Constructing the 56Zn decay scheme… 

56Zn 
TZ = -2 

56Cu 
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TZ = -1/2 
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T = 1 

T = 1 

T = 1 

0+ 

1+ 

1+ 

1+ 

p (T =1/ 2) 

0+ 

 The level energies are well determined from the proton spectrum 

 Naively thinking we could assume the p-peak intensities proportional to the β feeding 

β 
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Constructing the 56Zn decay scheme… 

56Zn 
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0+ 

(56Cu)IAS
55Ni +p 

(T=2) (T=1/2) + (T=1/2)  

The p-decay of the IAS 
is isospin forbidden 

 ?? 

 The level energies are well determined from the proton spectrum 

 Naively thinking we could assume the p-peak intensities proportional to the β feeding 

β 
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Measured gamma spectrum 

 (β-γ)–implant time correlations: 

T1/2 = (27 ± 8) ms 

 In agreement with the β–implant 

time correlations value: 

T1/2 = (32.9 ± 0.8) ms  

b-delayed  
-proton emission 

 Indeed we oserved the γ transition deexciting the IAS 

at 1834.5 ± 1.0 keV in the 56Zn-correlated γ-spectrum 

decay decay decay decay decay decay decay decay decay decay 
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This is the first observation of 
Beta-delayed gamma-proton decay 

in the fp-shell 

S.E.A. Orrigo et al., 
Phys. Rev. Lett. 112, 222501 (2014) 

56Zn 
TZ = -2 

56Cu 
TZ = -1 

T = 2 

T = 2 

IAS 

Sp = 560 keV 

55Ni 
TZ = -1/2 
T=1/2 

T = 1 

T = 1 

T = 1 

0+ 

1+ 

1+ 

1+ 

0+ 

 

β 

p 



      Sonja Orrigo   12th International Conference on Nucleus-Nucleus Collisions, Catania, Italy          22/06/2015      16  
 

Proton-gamma coincidences 

 We have observed for the first time 

beta-delayed gamma-proton emission 

in three branches → very exotic !! 

IAS 

 

1691 p 

Gates on  
protons 

 

 

 

 
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56Zn decay scheme: β feedings and strengths 
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Bp = (88.5  2.6) % 

S.E.A. Orrigo et al., 
Phys. Rev. Lett. 112, 222501 (2014) 



      Sonja Orrigo   12th International Conference on Nucleus-Nucleus Collisions, Catania, Italy          22/06/2015      18  
 

56Zn decay scheme: another surprise 
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S.E.A. Orrigo et al., 
Phys. Rev. Lett. 112, 222501 (2014) 
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Isospin mixing in 56Co 

H. Fujita et al., Phys. Rev. C 88, 054329 (2013) 

 The IAS is fragmented in the mirror 56Co 

 Isospin mixing: <Hc> = 32.3(5) keV and a2 = 28(1)% 

T = 1           T = 2 
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56Zn decay scheme: isospin mixing 
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S.E.A. Orrigo et al., 
Phys. Rev. Lett. 112, 222501 (2014) 

 The IAS is fragmented in the 
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56Zn decay scheme: isospin mixing 
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S.E.A. Orrigo et al., 
Phys. Rev. Lett. 112, 222501 (2014) 

T = 1           T = 2 
<Hc> = 40(23) keV 

a2 = 33(10)% 
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Comparison with mirror Charge Exchange 
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S.E.A. Orrigo et al., 
Phys. Rev. Lett. 112, 222501 (2014) 
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Comparison Mass Evaluation AME2003 and AME2012 

Sp = 560(140) keV 
Syst. AME2003 

G. Audi et al., Nucl. Phys. A 
729, 1 (2003) 

Sp = 190(200) keV 
Syst. AME2012 

G. Audi et al., Chin. Phys. C 
36, 1157 (2012) 

Charge Exchange data 
H. Fujita et al., Phys. Rev. C 

88, 054329 (2013) 

 The energies of the corresponding levels in 56Cu and 56Co differ by less than 

100 keV when using AME2003 and by ~ 400 keV when using AME2012 

 Therefore in our discussion we used AME2003 

 A new mass measurement for 56Cu gives a preliminary value 

    of Sp = 484(90) keV, in agreement with AME2003 

M. Wang and Y. Zhang, Institute of Modern Physics, Chinese Academy of Sciences Lanzhou, China 
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The 56Zn decay scheme and β decay strengths 

S.E.A. Orrigo et al., 
Phys. Rev. Lett. 112, 222501 (2014) 
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The 56Zn decay scheme and β decay strengths 

S.E.A. Orrigo et al., 
Phys. Rev. Lett. 112, 222501 (2014) 

≈ 10-14 s 

≈ 10-18 s 

44% 56% 

 

 

 

T = 1           T = 2 

p 

 

Competition of β-delayed p and β-delayed  decays 
from IAS 
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Summary 

 

p 

β+ 

 We have studied the β decay of the TZ = -2 56Zn proton rich-nucleus at GANIL 

 A new decay scheme and the corresponding B(F), B(GT) values have been determined 

 Isobaric Analogue State 

 Nuclear structure seems the responsible for the competition of the proton and  decays 

 Evidence for fragmentation due to strong isospin mixing of 33(10)% 

 Important for the mass evaluation 

 We have observed the β-delayed gamma-proton decay 

    for the first time in the fp-shell in 3 branches 

 This exotic decay affects the conventional determination 

     of B(F) and B(GT) in proton-rich nuclei 

 It is expected to be important in heavier p-rich nuclei 

 56Zn β+ decay    56Fe(3He,t)56Co : nice mirror symmetry 

 Good understanding of the β decay also thanks to  

    the knowledge of the mirror 56Co 
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The E556a Collaboration 

Thank you for your attention!  


