
Nuclear Structure in Exotic Nuclei :
From 100Sn to 78Ni

H. Grawe / GSI, Darmstadt @ ORNL, August 18, 2003

TOPICS:

Techniques:

• in-beam

• ISOL

• in-flight separation

N�Z (100Sn):

• single particle energies

• core excitation L = 2, (3, σ, στ)

• πν interaction; seniority vs. spin-gap isomers

• empirical vs. large-scale shell model

N�Z (68−78Ni):

• monopole interaction

• στ vs. (σ × �r)τ driven shell structure

• N=40 and 50 shell evolution

New shells @ N � Z :

• harmonic oscillator vs. spin-orbit shell

• N=6, 16(14), 34(32) examples

• T=1 monopole
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Shell structure in N= Z doubly magic
Ni and Sn56 100

28 5028 50

o L=2 (=|l - l |) softness, E2 polarisation, isomersp h
o /M1 and /GT transitions
o L=3 (=|l + l |) E3 collectivityp h
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Experimental approach to Sn100

 o  in-beam, fusion-evaporation
 o  ISOL mass separation, fusion-evaporation
 o  in-flight A,Z separation, fragmentation



Shell model 100Sn
np - nh in gds space

F. Nowacki, NPA704,223c(02)

98Cd B(E2;8+→ 6+) = 37 e2fm4 0p – 0h
= 57 e2fm4 4p – 4h
= 14(74) e

2fm4 Expa

= 30(4) e2fm4 Expb

→ δeπ ∼ 0.1e

102Sn B(E2;6+→ 4+) = 7.2 e2fm4 0p – 0h
= 73 e2fm4 3p – 3h
= 116(7030) e

2fm4 Expc

→ δeν ∼ 0.6e

Large Isovector Effect !

a M. Górska et al., PRL 79, 2415 (1997)
b R. Grzywacz, ENAM98, AIP Conf. Proc. 455, 430 (1998)
c M. Lipoglavšek et al., PL 440B, 246 (1998)
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E4 !

100Sn core excitation
a M. Górska et al., PRL 79,2415(1997)
b R. Grzywacz, ENAM98, AIP CP 455,430(1998)
c H. Grawe et al., NS98, AIP CP 481,177(1999) (ESM)
d F. Nowacki, NPA704,223c(2002) (GDS)
e M. Lipoglavšek et al., ZPA356,239(1996); PLB440,246(1998)
f H. Grawe, M. Górska et al. (GG)

B(E2;8+ → 6+) B(E2;6+ → 4+)
eπ = 0.9(21)e

c 14(74)e
2fm4 a eν = 0.6e d 116(7030)e

2fm4 e eν ≥ 1.6e f

30(4)e2fm4 b eπ = 1.1e d
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100Sn β+/EC decay
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logft =?
h � 3.0

M1

E2

M1 conversion
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MONOPOLE SHIFT –

REALISTIC INTERACTION

Monopole:

V mjj′ = ΣJ(2J + 1)〈jj ′|V |jj ′〉J/ΣJ(2J + 1)

Relative orbital monopole shift:

∆(j ′1, j
′
2) = V

m
jj′1
· (2j + 1− δjj′1)− V

m
jj′2
· (2j + 1− δjj′2)

Multiplet S,T/πν V m ∆(j′1, j
′
2) Interaction

j, j′1,2 (MeV) (MeV)

πf7/2νf5/2 S=0,πν -1.046 4.258 FPD6

πf7/2νp3/2 S=1,πν -0.513 NPA523(91)325

f7/2f5/2 S=0,T=1 -0.082

f7/2p3/2 S=1,T=1 +0.174

f27/2 S=1,T=1 -0.208

πf7/2νf5/2 S=0,πν -1.134 4.352 KB

πf7/2νp3/2 S=1,πν -0.590 NPA114(68)241

f7/2f5/2 S=0,T=1 -0.464

f7/2p3/2 S=1,T=1 -0.251

f27/2 S=1,T=1 -0.301

νg9/2πf5/2 S=0,πν -1.034 5.310 S3V68

νg9/2πp3/2 S=1,πν -0.503 J.Phys.G18

g9/2f5/2 S=0,T=1 -0.504 (92)1377,1401

g9/2p3/2 S=1,T=1 -0.123

g29/2 S=1,T=1 -0.134

πg9/2νg7/2 S=0,πν -0.744 4.258 MHJ

πg9/2νd5/2 S=1,πν -0.370 Phys.Rep.261

g29/2 S=1,T=1 -0.098 (95)125

1
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N = 50 shell gap extrapolation

Configurations: π0f5/2ν0g9/2
π0f5/2ν1d5/2

Assumption: V mf5/2d5/2 ≈ 0.5 · V mf5/2g9/2
Z-28 N = 50 shell gap
occ. SkP/HFB EXP
π0f5/2 (MeV) (MeV)

Se 6 2.8 4.13(4)
Ge 4 2.5 3.8(4)
Zn 2 2.0 -
Ni 0 1.9 2.08 S3V68

2.60 S3V
2.56 ”EXP”

Z = 28 shell gap extrapolation

Configurations: π0f5/2ν0g9/2
π0f7/2ν0g9/2

Assumption: V mf7/2g9/2 ≈ 0.5 · V mf5/2g9/2
N-40 Z = 28 shell gap
occ. EXP
ν0g9/2 (MeV)
0 5.91(28)
10 4.46 S3V68

4.39 S3V
3.58 ”EXP”

1
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 not_fully_stripped Q=Z-1
 fully_stripped Q=Z

ar
bi

tr
ar

y 
un

its

A



0 0+

1423 2+

2219 4+

2501 6+, v=2
2616 8+ ~ 20 us

2803 6+, v=4

3211 5–3292 7+

3886 6+3966 7–

0 0+

1096 (2+)

10961096

1938 (4+)

842842

2393 (6+)

455455

(8+)
??

(6,7)–

ββ

0 0+

1239 2+

2287 4+

2627 6+, v=2
2654 6+, v=4

2871 8+ ~20 ns

Ni72
28 44

S3V ESMEXP

Co72
27 45

full shell ν g
9/2
4

B(E2)=0.993 48.85 e fm42

Missing I =8  isomer+π

0

0.5

1.0

1.5

70

2

72

4

74

6

76

8 n

A

pure g9/2
n

mixed

I
i
π 17/2− 8+ 21/2+ 8+ 21/2+ 8+ 21/2+ 8+

[B(E2;I     I )/W.u.]1/2
i f

eν= 1.0

78
Zn

Seniority isomers

E2 transitions inN > 40 Ni isotopes

no isomers !











20 24 28 32 36 40 44 48 52

8

16

24

N=54

N=52
N=50

N=48

Sn100

Ni78

Z

S [ ]MeV2n (a)

32 40 48 56 64 72

6

12

18

N=86

N=84

N=82

N=80

Sn132

Z

S [ ]MeV2n (b)

’’WS’’ ’’HO’’

(c)

50 40

82 70
N/Z

126 112

1g9/2

1g7/2

2d5/2

3s1/2

1h11/2

2d3/2

2f7/2

3p3/2

1h9/2

3p1/2

2f5/2

1i13/2

1g9/2

2d5/2

3s1/2

2d3/2

1g7/2

1h11/2

2f7/2

3p3/2

3p1/2

2f5/2

1h9/2
(d)

Shell quenching

New shells

Signature
-- Sequence: (1) shell quenching; (2) shell reordering

-- Woods-Saxon (WS)/Spin-orbit (SO) gap to

Harmonic-oscillator (HO) gap

-- Smooth in N/Z

-- Spin-orbit splittingreduced



SUMMARY :

• Techniques

• Interconnection to production mechanism
• Luminosity
• Time scale , half life
• Spin, excitation energy

• N�Z - 100Sn

• Equivalence 56Ni - 100Sn

• Core excitation in identical πν shell

• Spin-gap isomers (98Cd,(12+); 94Ag, (21+), Ex �6 MeV )

• Large scale shell model

• N�Z - 68Ni to 78Ni

• Monopole driven shell structure

• Weakness of N=40 - persistence of N=50 shell

• Disappearance of seniority isomers

• New shells @ N�Z

• New shells N=6,16(14),34(32) symmetric in isospin

• T=1 monopole important in j=1/2 shell

1
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