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Shells to shapes
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FRDM

▶ “Typical magic numbers” 
▻ Associated with “spherical” shell 

closures/enhanced stability
▶ First indication is E(2+

1
)



Departure from magicity
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▶ Large E(2+
1
) energies, low B(E2) values

▶ 78Ni most recently measured
▻ Competing structures: 

spherical/deformed…
▻ How are these manifest deeper into 

mid-shell?

R. Taniuchui et al, Nature 569, 53 (2019).
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▶ Large E(2+
1
) energies, low B(E2) values

▶ 78Ni most recently measured
▻ Competing structures: 

spherical/deformed…
▻ How are these manifest deeper into 

mid-shell?

R. Taniuchui et al, Nature 569, 53 (2019).



Octupole collectivity at N=56 and Z=34
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Measurement objectives
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Radioactive Isotope Beam Factory
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Radioactive Isotope Beam Factory
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Radioactive Isotope Beam Factory
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RI Beam settings
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RI Beam settings
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HiCARI
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Coulomb excitation at 100s of MeV/u
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Results: 86Se
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State E
level

 σ [mb]

2+
1

704 169(24)

2+
2

1399 42.5(66)

2+
3

2208 18.2(3)

3-
1

2594 4.9(33)

State E
level

 σ [mb]

2+
1

704 13(2)

2+
2

1399 1.8(8)

2+
3

2208 1.4(4)

3-
1

2594 3.8(4)

4+
1

1567 5.9(4)

86Se(Be,X)86Se*
86Se(Bi,Bi)86Se*



Results: 88Se
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State E
level

 σ [mb]

2+
1

590 195(28)

2+
2

1232 30.7(31)

3-
1

1840 5.6(35)

State E
level

 σ [mb]

2+
1

590 17(2)

2+
2

1232 3.3(4)

3-
1

1840 5.3(4)

4+
1

1551 2.1(5)

88Se(Be,X)88Se*
88Se(Bi,Bi)88Se*



Results: 90Se
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State E
level

 σ [mb]

2+
1

548 196(27)

2+
2

959 25.2(20)

3-
1

2207 7.1(23)

State E
level

 σ [mb]

2+
1

548 17(1)

2+
2

959 3.4(3)

3-
1

2207 3.7(3)

4+
1

1238 2.5(3)

90Se(Be,X)90Se*
86Se(Bi,Bi)86Se



0g.s.
+→ 2+

1,2 transition probabilities
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▶ New values reflect a less abrupt transition to collective behaviours
▶ B(E2) from lineshape and Coulex cross section are consistent 
▶ In-line with E(2

+
1)



0g.s.
+→ 2+

1,2 transition probabilities
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▶ Limited values for systematics in 2+
2
 B(E2) values

▻ Smoother trend in Se than the E(2+
2
)

▶ Shell model which predicts shape co-existence predicts sharp increase 
at N=56, not seen in data. 



3-
1 state measurements
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▶ New E(3-
1
) values complete systematics

▻ Quite sharp decrease for Se
▶ B(E3) still work in progress….

▻ Cross sections measured in this work have large 
uncertainties  

L. W. Iskra et al, Phys. Lett B 88 396 (2019).



Where next? 
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▶ Extract B(E3) from cross sections from 
FRESCO

▶ Interpretation! 
▻ Shell model calculations are ongoing: Ni78-II 

interaction: Shape coexistence/triaxility
● π (1f

5/2
, 2p

3/2
, 2p

1/2
, 1g

9/2
)

● ν(2d
5/2

, 3s
1/2

, 2d
3/2

, 1g
7/2

, 1h
11/2

)
▻ What are the active orbits?
▻ Mean field calculations?

K. Sieja et al, Phys. Rev. C 88, 034327 (2013)
L. W. Iskra et al, Phys. Lett B 88 396 (2019).



Thanks to the collaborators
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U. Ahmed, C. Ferrara 
Gonzalez, A. Jungclaus, 
V. Werner



And to you!
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Cross section to transition probability
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Cross section to transition probability
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Realising the potential of HISPEC
▶ Coulomb excitation

▻ Large body of work at ~150 MeV/u (RIBF) shows 
importance of Coulomb-nuclear interference  
● How about at higher energies? How can this be 

exploited for Coulomb multipolarimetry?
● Incoming/outoing tracking capabilities!
● Light and heavy target

▻ Use safe Coulex results as anchor points 

▶ Rigorous implementation and 
commissioning of AGATA
▻ Build confidence of abilities and results
▻ Commitment to timely 4pi
▻ Reliable analysis procedures for online 

and offline:
● What is the final word in tracking 

algorithms? (Is there a final word?)
▶ Realistic physics cases
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