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Lifetime measurement of states in the 2nd well of 239Pu (charge plunger) 
Qo: 36 ± 4 eb ⇨ c/a ~ 2

D. Habs, V. Metag, H.J. Specht and G. Ulfert, Phys. Rev. Lett. 38 (1977) 387 
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EUROBALL
30 Ph1, 26 Clo., 15 Clu.

Superdeformed 143Eu

A. Ataç et al., Nucl. Phys. A 557 109c (1993)

NORDBALL
20 Ge detectors + AC shields

+ BaF2 inner ball

Failure of the sum method: Need to sum more than 2 transitions ? Combinatorial conundrum ?



Detailed studies of 143Eu

S. Leoni et al., Phys. Rev. Lett 76, 3281 (1996) 

NORDBALL

NORDBALL
EUROGAM2

30 Ph1. 26 Clo.

S. Leoni et al., Phys. Lett. B 409 71 (1997)

NORDBALL
EUROBALL + 8 large BaF2

S. Leoni et al., Phys. Lett. B  498 137 (2001) 
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Detailed modelling of 143Eu

Montestella simulation code based on microscopic calculations also 
applied sucessfully to 151Tb and 196Pb   S. Leoni et al., Phys. Rev. C 79, 064307 (2009)

EUROGAM2

EUROBALL + 8 large BaF2
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Other experimental evidence of the fragmentation 
of the GDR strength in highly deformed light nuclei 
A. Maj et al. Nuc. Phys. A, 731:319, 2004., M. Kmiecik et al. Acta Phys. Pol. B, 36:1169, 2005.
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A large fraction of the decay out transitions are unresolved
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Quasicontinuum extraction & decomposition
Raw

Comtpon
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Summing

(a)-(b)-(c)-(d)

R.G. Henry et al., Phys. Rev. Lett. 73 777 (1992) 

EUROGAM 1
45 Ge + AC

FEEDING QC

SD discrete lines

DECAY QC

ND discrete lines

Separation of various components only possible in mass A~190 region
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Fluctuation Analysis applied to decay-out spectra

F. Hannachi, S. Leoni, N. Redon, A. Korichi, A. Bracco, A. Wilson
A. Lopez-Martens, C. Schuck, I. Deloncle

STATFIT
&

SAP

Preliminary analyses on 
EUROGAM1 data at CSNSM:

192Hg: <Nt> ~5000
194Pb:<Nt>~1500

EUROGAM2 experiment
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• 1-2 initial states  weak coupling to neighbouring ND states

• The shape of the decay-out spectrum reflects the density of ND states and 
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D~0.7 MeV



Why are 192Hg and 194Hg so different ?

192Hg

192Hg
0+

2+, 422

4+, 1058

6+, 1803

8+ 10+12+

14+

5–7–
9–

11–

13–

1987, 8–
2217, 10–

2633, 12–

3262, 14–

422

635

745

416

644

533

693

416

629

214
258
300

341

382

T.L. Khoo et al. Phys. Rev. Lett. 76 1583 (1996)

194Hg
0+

2+, 427.9

4+, 1064.5

6+, 1799.3

10+

5–7–9–

2687.8, 11–

3394.0, 13–

2137.9, 8–
2561.7, 10–

3172.9, 12–

6419, 8+
6629, 10+6883, 12+
7179, 14+
7517, 16+
7894, 18+

194Hg ??
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H. Jackson et al. Phys. Rev. Lett. 17 656 (1966)

The strength distribution follows a χ2 distribution with ν=1 degree of freedom = Porter-Thomas distribution

195Pt + n
1-

Similarity to g-ray spectra following resonant 
neutron capture
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Does the primary decay-out strength in 194Hg 
follow a Porter Thomas distribution ?

w/q

wlow/q

192Hg

194Hg

n=1      , q=0.00062
+20

-1
+0.00021
-0.00044

wlow/q=3.8 ! 19 lines observed
out of 600 !

A. Lopez-Martens et al. Nucl. Phys. A 647 217 (1999)

3 simulations
of 600 primary

Transitions 



Conclusion & perspectives
Qualitative & quantitative understanding of the underlying mechanisms involved the 
population and decay of superdeformed states

Many experimental & data-analysis methods have been developped to study the 
different aspects related to the population & decay of superdeformed states

Still many open questions & lots to investigate:
• Excitation energy, spin & parity of most superdeformed states?
• Mixing and damping properties as a function of E, I (and K) and A ?
• Competition with M1 and M1/E2 decays ?
• Enhanced cooling mechanism of SD nuclei in other mass regions ?
• Shape and nature of the decay out spectrum for A≉190 ?
• …

⇨ Clear physics cases for the next generation g-ray arrays such as AGATA & GRETA



Backup



Magnitude of superdeformation first measured
Charge plunger technique

Measurement of lifetimes in the 2nd well of 239Pu produced in the 238U(a,3n) reaction

⇨ first proof of shape isomerism: Qo: 36 ± 4 eb ⬄ c/a ~ 2

D. Habs, V. Metag, H.J. Specht and G. Ulfert, Phys. Rev. Lett. 38 (1977) 387 

G. Ulfert et al., Nucl. Instr. Meth. 148 (1978) 369
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Linking transitions in 152Dy: implications for SD-ND crossing
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Fig 1 : Experimental Data

Oblate statesLD band

SD : Lauritsen

~1 MeV lower in E* and ~10ℏ lower ? 

Crossing 10ℏ and 1 MeV lower than previosuly thought



QC decomposition

Simulation & removal of E1 spectrum Angular distribution of remaining QC


