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N = 50 

N = 82 

N = 28 

J.A. Winger et al., PhysRevC81, 044303 (2010) 
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N=50 region 

g9/2 d5/2 ? s1/2 ? 

51 
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Structure of the 7/2+ and 9/2+ 
states in N=51 nuclei 

O. Sorlin and M.G. Porquet,  
Prog. in Part. Nucl. Phys. 61 (2008) 602 

N = 51 
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Structure of the 7/2+ and 9/2+ 
states in N=51 nuclei 

Single-particle states 

 

Core-particle coupling in the weak-
coupling scheme 
  N. Auerbach, Phys. Lett. B27, 127 (1968) 

 

 

p3/2 

f5/2 

p1/2 

40 

50 
g9/2 

d5/2 

s1/2 

g7/2 

Single particle Core 

J=9/2 

2+1      2d5/2 

J=1/2 

J=3/2 

J=5/2 

J=7/2 D. Verney courtesy  
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Structure of the 7/2+ and 9/2+ 
states in N=51 nuclei 

O. Sorlin and M.G. Porquet,  
Prog. in Part. Nucl. Phys. 61 (2008) 602 

89Sr 87Kr 85Se 83Ge 

1/21
+ 

5/2+ 

7/21
+ 

1/22
+ 

7/22
+ 

S = 0.46 

S = 0.49 

S = 0.78 

SF = 0.016 

S = 0.84 

τ = 0.38 ps 

S = 0.30 

S = 0.50 

No stripping 
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Structure of the 7/2+ and 9/2+ 
states in N=51 nuclei 

O. Sorlin and M.G. Porquet,  
Prog. in Part. Nucl. Phys. 61 (2008) 602 

89Sr 87Kr 85Se 83Ge 

1/21
+ 

5/2+ 

7/21
+ 

1/22
+ 

7/22
+ 

S = 0.46 

S = 0.49 

S = 0.78 

SF = 0.016 

S = 0.84 

τ = 0.38 ps 

S = 0.30 

S = 0.50 

No stripping 

J.S. Thomas et al., Phys. Rev. C 76, 044302 (2007) 

S = 0.77 

? 
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Lifetime calculations 

 

Single-particle config 
ν (g7/2) or  ν(g9/2)

-1(d5/2)
2

0   ν(d5/2) 

 

Core-coupled config 
Core 2+ x ν(d5/2)   Core 0+ x ν(d5/2)  

 

Calculated lifetimes of the 7/2+ states done by D. Verney (IPN Orsay) 

nucleus τ(7/2+)   2+ ⊗ d5/2 τ(7/2+)   0+ ⊗ g7/2 

89Sr 0.16 ps 14.9 ps 

87Kr 0.19 ps 23.2 ps 

85Se 0.42 ps 79.5 ps 
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Lifetime measurement @ LNL with 
AGATA demonstrator + PRISMA 

AGATA 

PRISMA 
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Lifetime measurement @ LNL with 
AGATA demonstrator + PRISMA 

Recoil Distance Doppler Shift Method 

Grazing angle 

beam  
82Se (577 MeV)  N = 48 

PRISMA 

target 
238U (2 mg/cm2) on 
181Ta (1.2 mg/cm2) 

degrader 
91Nb (4.15 mg/cm2) 

87Kr:  +2p +3n channel 
85Se:  +3n channel 
83Ge: -2p +3n channel 
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Recoil Distance Doppler Shift Method 

76Ge 
847 keV 
4+ -> 2+ 
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87Kr 

1420 keV 1578 keV 

681 keV 421 keV 

257 µm 
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87Kr 

Jπ Eɣ(keV) Rexp 
τ(ps) 

lg-lived sf 
τ(ps) 

short-lived sf 

(7/2+
1) 1420 0.55(4) 0.4+1.6

-0.4 3.5+1.6
-1.4 

SM 1673 0.17 

CPC 1420 0.19 (2+ x ν d5/2) 23.2 (0+ x ν g7/2) 

(9/2+
1) 1578 0.61(4) <0.1 5.0+1.8

-5.0 

SM 1424 0.74 

F. Didierjean et al., Phys. Rev. C 96, 044320 (2017) 
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85Se 

2
5

7
 µ

m
 

3
8

 µ
m

 

1115 keV 1436 keV 

Jπ Eɣ(keV) Rexp τ(ps) τ(ps) 

(7/2+
1) 1115 0.65(3) 3 (2) effective 

SM 1660 0.13 

CPC 1420 0.42 (2+ x ν d5/2) 75.5 (0+ x ν g7/2) 

(9/2+
1) 1436 0.65(3) 3 (2) effective 5.0+1.8

-5.0 

SM 1234 0.93 

F. Didierjean et al., Phys. Rev. C 96, 044320 (2017) 
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Structure of the 7/2+ and 9/2+ 
states in N=51 nuclei 

 

 

 

The structure of the low-lying 
7/2+ and 9/2+ states of 87Kr are 
consistent with the core-coupled 
2+ x ν(d5/2) configuration  

 

 

For 85Se the measured effective 
livetimes indicate a very small 
contribution of the ν(g7/2) 

configuration to the wave function 
of this state  

89Sr 87Kr 85Se 83Ge 

1/21
+ 

5/2+ 

7/21
+ 

1/22
+ 

7/22
+ 

S = 0.46 

S = 0.49 

S = 0.78 

SF = 0.016 

S = 0.84 

τ = 0.38 ps 

S = 0.30 

S = 0.50 

No stripping 



G
. 
D

uc
h
ên

e
 

SRNA workshop         Structure evolutions in the vicinity of the N=50 gap          November 22-24, 2017 



G
. 
D

uc
h
ên

e
 

SRNA workshop         Structure evolutions in the vicinity of the N=50 gap          November 22-24, 2017 

Structure of the 7/2+ and 9/2+ 
states in N=51 nuclei 

 

 

Perspectives 

 
 AGATA@GANIL experiment e669 already performed aims for livetime 

measurement in 83Ge 

 


238U on 9Be fusion-fission experiment, light fragments identified in VAMOS++ 

 

 AGATA in compact geometry 

 

 Orsay plunger (OUPS)  

 

 PhD work of C. Delafosse (IPN Orsay) 
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Effective N=50 gap from mass data  

Evidence of a minimum of the N=50 
effective gap at Z=32 
 
                        Δn = Sn(Z,N) – Sn(Z, N+1) 

π ν 

pf 

g9/2 

d5/2 

s1/2 

f5/2 

p3/2 

p1/2 

80
30Zn50 

Z 
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Effective N=50 gap from mass data  

Evidence of a minimum of the N=50 
effective gap at Z=32 
 
                        Δn = Sn(Z,N) – Sn(Z, N+1) 

Theoretical calculations: minimum of the 
N=50 gap at Z=32 

 
J. Hakala et al., Phys. Rev. Lett. 101, 052502 (2008)  
M. Wang et al., Chinese Physics C 36 (2012) 1603 

 

What is the nuclear structure around 78Ni? 

Z 
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Spectroscopy of Ge and Zn  
n-rich isotopes 

Experiment 

 
 AGATA@GANIL experiment e680 of 14 days beam time already run aiming for 

establishing the structure of the higher-lying states in 80Zn 

 


238U on 9Be fusion-fission experiment, light fragments identified in VAMOS++ 

 

 AGATA in compact geometry 
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Spectroscopy of Ge n-rich isotopes 
F. Didierjean 

Z 

A
 

Ge 

A 
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Spectroscopy of Ge n-rich isotopes 
F. Didierjean 

1347 keV 
2+ -> 0+ 82Ge 

AGATA demonstrator @LNL 
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Spectroscopy of Ge n-rich isotopes 
F. Didierjean 

82Ge 

AGATA@GANIL 
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Z 

A
 

A 

Zn 

Mass selectivity 
F. Didierjean 

70 72 74 76 78 80 A 
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β-decay studies 
 Winger in 1989 

 Van Roesbroeck in 2005 

 

Coulomb excitation 
 Van de Walle in 2009 τ(2+) and 

B(E2) 

 

In-flight fragmentation 
 Niikura in 2012 τ(2+) and B(E2) 

 

Multi-nucleon transfer 
 Louchard in 2013 τ(2+) and B(E2) 

 

 

What is known  
in 74Zn? Winger et al, PRC 39 (1989) 1976 
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74Zn – present work 

 

VAMOS A, Z selection  
 No pollution observed from 

neighbouring nuclei (A+/-1, Z+1) 

 

AGATA data 
 Enough statistics to play ɣɣ 

coincidences 

 Level scheme extended likely up to 
10+ state 

 Lateral bands also identified 

 

To do list 
 Improve background subtraction 

 Determine angular asymmetry for 
the strongest transitions for spin 
assignement 

74Zn total projection 
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Mass selectivity 
F. Didierjean 

Z 

A
 

A 

Zn 

70 72 74 76 78 80 A 
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76Zn – present work 

Van Roesbroeck et al,  
PRC 71 (2005)  054307 

 

 

 

AGATA data 
 Enough statistics to play ɣɣ 

coincidences 

 Level scheme extended likely up to 
8+ state 

 Lateral bands also identified 

 

To do list 
 Same as for 74Zn 
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Mass selectivity 
F. Didierjean 

Z 

A
 

A 

Zn 

70 72 74 76 78 80 A 
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Fragmentation 
 Daugas 2000 

 
8+ (g9/2)-2 isomer in all 
N=48 isotones 

 

 

β-decay studies 
 Van Roesbroeck in 2005 

 Gross in 2009 

 

Coulomb excitation 
 Van de Walle in 2009 

τ(2+) and B(E2) 

 

 

 
 

 

What is known  
in 78Zn? 

Daugas et al,  
PLB 476 (2000)  213 
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78Zn – present work 

Gross et al, Acta Phys. Pol. B40 
(2009)  447 

 

 

 

 

 

 

AGATA data 
 576 keV transition observed as 

well as new transitions 

 Limited statistics for coincidences 
as well as for asymmetry ratios 

 Level scheme extention to be done   
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Mass selectivity 
F. Didierjean 

Z 

A
 

A 

Zn 

70 72 74 76 78 80 A 

Very low statistics  
in 80Zn 
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Spectroscopy of Ge and Zn  
n-rich isotopes 

 

 

Perspectives 

 
 A new proposal aiming for the study of 80Zn and possibly 79Cu isotopes is 

submitted by J. Dudouet and A. Lemasson 

 

 The same reaction used with VAMOS at the same angle of 28° 

 

 AGATA with 35 to 45 capsules at nominal distance 

 

 Improved AGATA-VAMOS coincidence rates, electronics and software 

 

 One month beam time requested to gain one order of magnitude 
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Conclusions and perspectives 

 

Lifetime measurement with multi-nucleon transfer (AGATA demonstrator 
@LNL) 
 The structure of the low-lying 7/2+ and 9/2+ states in 87Kr and 85Se is compatible 

with the core-particle weak-coupling scheme 

 Single-particle configurations are lying at higher excitation energies 

 Analysis for 83Ge is on-going 

 

 

ɣ-ray spectroscopy with fusion-fission (AGATA@GANIL) 
 Preliminary results in Zn indicate that isotopes 74 and 76 do not exhibit triaxial 

deformation 

 The analysis of fusion-fission products with AGATA@GANIL is on-going in Orsay 
(Dudouet on Ga) and in IPHC (Didierjean on Ge, Se and Duchêne on Zn and As) 

 Submitted ultra long experiment for the study of the structure of 80Zn and 
possibly 79Cu isotopes  
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Z 

A
 

As 

A 

Masse identification : 
trajectory reconstruction, 
time of flight and energy measurements 

Conclusions and perspectives 

84 

88 
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Conclusions and perspectives 

Future experiment at ALTO:  

 neutron-rich As isotopes 
 β-decay study of neutron-rich 

isotopes accepted at ALTO 

 Populate 84-88Ge isotopes and 
measure Pn with TETRA  

 Build the low-lying level schemes of 
84-88As via β-decay with BEDO 

 


