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Outline 

• Introduction 
 

• New lifetime measurement technique 
 

• Lifetime measurement in 74Rb 
 
• Discussion 
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Collectivity in N=Z Nuclei 

Rapid variation of nuclear shapes 
Sharp rise in collectivity 

A. Lemasson et al., PRC 85, 041303 (2012) 

K. Starosta et al., PRL 99, 042503 (2012) 

A. Obertelli et al., PRC 80, 031304 (2009) 

A. Gade et al., PRL 95, 022502 (2005) 

J. H. Hamilton et al., PRL 32, 239 (1974) 

E. Clément et al., PRC 75, 054313 (2007) 

Even-even N=Z nuclei have 
been well studied; what can 
we learn from the odd-odd 
nuclei in this region? 
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The A = 74 system 

Compare A=74 system to systematics 
along the N=Z line. 
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𝑀0 − 𝑇𝑧𝑀1 = 𝑀(𝑇𝑧) 

A.M. Bernstein et al., PRL 42 (1979) 425 
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Methodology 

Connect lifetime with B(E2) strength via 

 

 

 

 

 

 

 

1

𝜏
= 

8𝜋 𝜆 + 1

𝜆 2𝜆 + 1 ‼ 2
𝐸𝛾
2𝜆+1

ℏ ℏ𝑐 2𝜆+1
𝐽𝑓 𝒪 𝜋𝜆 𝐽𝑖

2

2𝐽𝑖 + 1
𝜋,𝜆

 

𝐵 𝐸2 ↓ =
816

𝐸𝛾
5𝜏
𝑒2fm4MeV5ps 

𝑩 𝑬𝟐 ↓  (𝒆𝟐𝐟𝐦𝟒) 𝑬𝜸 (𝐤𝐞𝐕) 𝝉 (𝐩𝐬) 

74Kr 1223(22) 455.7 33.8(6) 

74Rb ? 477.8 ? 

A. Görgen et al., Eur. Phys. J. A 26, 153 (2005) 
S. Fischer et al., Phys. Rev. C 74, 054304 (2006)  
 

1

2
𝑀0 − 𝑇𝑧𝑀1 = 2𝐽𝑖 + 1 𝐵(𝐸2; 𝐽𝑖 → 𝐽𝑓) 

A.M. Bernstein et al., PRL 42 (1979) 425 

𝑇𝑧 = 0 

𝑇𝑧 = 1 
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Recoil Distance Method 

A. Dewald, S. Harissopulos, and P. von Brentano, Z. Phys. A334, 163 (1989) 

𝑁 𝑡 = 𝑁0𝑒
−𝑡 𝜏  

Target 
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Recoil Distance Method 

fast slow 

𝑁 𝑡 = 𝑁0𝑒
−𝑡 𝜏  

𝐼𝑓𝑎𝑠𝑡 𝐼𝑠𝑙𝑜𝑤 

Target Degrader 

A. Dewald, S. Harissopulos, and P. von Brentano, Z. Phys. A334, 163 (1989) 
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Recoil Distance Method 

𝑁 𝑡 = 𝑁0𝑒
−𝑡 𝜏  

𝐼𝑓𝑎𝑠𝑡 𝐼𝑠𝑙𝑜𝑤 

Target Degrader 

fast slow 

A. Dewald, S. Harissopulos, and P. von Brentano, Z. Phys. A334, 163 (1989) 
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Differential Recoil Distance Method 
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𝐼𝑓𝑎𝑠𝑡 𝐼𝑟𝑒𝑑𝑢𝑐𝑒  𝐼𝑠𝑙𝑜𝑤 

Target Degrader Degrader 

Differential Recoil Distance Method 

A. Dewald, S. Harissopulos, and P. von Brentano, Z. Phys. A334, 163 (1989) 
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Experimental Setup 

Be production 
target 

74Kr 

~92 MeV/u 

TRIPLEX 
+GRETINA 

74Kr 

74Rb 
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74Kr reference 
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74Kr reference 

𝜏 = 31 3  ps 𝜏𝑙𝑖𝑡 = 33.8 6  ps 
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74Kr reference 

𝜏 = 33 3  ps 𝜏𝑙𝑖𝑡 = 33.8 6  ps 
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74Rb data 
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74Rb data 

𝜏 = 27 6  ps 
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Discussion 

𝑩 𝑬𝟐 ↓  (𝒆𝟐𝐟𝐦𝟒) 𝑬𝜸 (𝐤𝐞𝐕) 𝝉 (𝐩𝐬) 

74Kr 1223(22) 455.7 33.8(6) 

74Rb 1227(276) 477.8 27(6) 

1 A.M. Bernstein et al., PRL 42 (1979) 425 

Decompose matrix elements (i.e. B(E2) values) into isoscalar and isovector parts1 

1

2
𝑀0 − 𝑇𝑧𝑀1 = 2𝐽1 + 1 𝐵(𝐸2; 𝐽𝑖 → 𝐽𝑓) 

74Rb (𝑇𝑧 = 0): 𝑀0 = 160 20 𝑒fm
2 74Kr (𝑇𝑧 = 1): 𝑀1 = −10 20 𝑒fm

2 
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Discussion 

C.M. et al, PLB 787 (2018) 198 

Identical evolution of the matrix elements in T=0 and T=1 systems 
suggests that the collectivity in these nuclei has a common origin. 

Consistent with proposal by A.O. Macchiavelli et al. that 𝑇 = 1 pairs give 
rise to collectivity, while 𝑇 = 0 pairs are not collective.1 

1 A.O. Macchiavelli et al, PLB 480 (2000) 1 
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Looking forward 

Does collectivity continue 
increasing with A? 
How well does isospin 
symmetry hold as N=Z 
approaches the dripline? 
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Thank you for 
your attention! 


