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180Hg

P.Moller, J. Randrup, PRC91 (2015)



• Low-energy fission in the “new” regions of the Nuclear Chart

• bDF of 178,180Hg, 194,196At, 202Fr at ISOLDE(CERN)

• bDF of 188m1,m2Bi – probing spin dependence of fission at low E*

• Theory efforts (see several follow-up talks)

Beta-delayed fission in the lead region:
mapping asymmetry-to-symmetry transition



Experimental information on low-energy fission
Nuclei with measured charge/mass split (RIPL-2 + GSI)

- particle induced 

x - e.m. –induced E*~11 MeV187Ir
196Au

Z=82

Heavy Actinides, N/Z~1.56: predominantly asymmetric;

spontaneous fission, fission isomers

A.N. Andreyev, K.Nishio, K.-H. Schmidt, “Review on experimental progress in fission”, Reports on Progress in Physics, 81, 016301 (2018)
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Experimental information on low-energy fission
Nuclei with measured charge/mass split (RIPL-2 + GSI)

- particle induced 

x - e.m. –induced E*~11 MeV187Ir 196Au

Z=82

Heavy Actinides, N/Z~1.56: predominantly asymmetric;

spontaneous fission, fission isomers

Pre-actinides, light  Ir-Th N/Z~1.4-1.5: 

predominantly symmetric, e.g. FRS(GSI)

Z=82Z=82Z=82

180Hg,178Pt 

N/Z~1.25

Region of our interest I: beta-

delayed fission of A~180-200

N/Z~1.22-1.3: Tl,Bi, At, Fr

ISOLDE(CERN)



Beta-Delayed Fission

•Two step process: b decay followed by fission
•Low-energy fission (E*~3-12 MeV, limited by QEC)

e.g. 180Tl: QEC=10.4 MeV, Bf,calc=9.8 MeV
•Relatively low angular momentum of the state

e.g. 180Tl: I=4 or 5 (some cases: up to 10)

A.N. Andreyev, M. Huyse, P. Van Duppen, Reviews of Modern Physics, 85, 1541 (2013)

A.N. Andreyev, K.Nishio, K.-H. Schmitd, Reports on Progress in Physics, 81, 016301 (2018)

180Tl

180Hg
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Setup: Si detectors both sides of the C-foil
• Simple setup & DAQ: 2 Surface barrier detectors 

(1 of them – annular) and 2 PIPS detectors.

• 34% geometrical efficiency at implantation site.

• Fission fragments, alpha-gamma coincidences

• Digital electronics

Detection system for bDF studies at ISOLDE
A.N. Andreyev et al. PRL 105 (2010)
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Year 2008: Mass distribution of fission fragments in bDF of 180Tl
(the fission of 180Hg)

ASYMMETRIC energy split! Thus asymmetric mass split: MH=100(4) 

and ML= 80(4)

Eff1-Eff2 coincidences ~330 events

Singles 1111 ff

~20 ff/h

A problem: “low-energy” FF’s - 1 AMeV only,   Z identification difficult

The most probable fission fragments are  100Ru (N=56,Z=44) and 80Kr (N=44,Z=36) 



New Type of Asymmetric Fission in Proton-Rich Nuclei

E

80Kr
100Ru

90Zr+90Zr

via bDF of 180Tl

Calculations according to 5D fission model, P. MÖller et al., Nature 409, 785 (2001) 

QEC(180Tl)-Bf(
180Hg)=0.63 MeV

PbDF(180Tl)=3.6(7)10-5

QEC(180Tl)=E*
max=10.44 MeV



Two types of asymmetry: what’s the difference?

180Hg 238U

See talks by Cedric Seminel and Peter Moller



Brownian Metropolis Shape Motion 
based on J. Randrup and P. Moller, PRL 106, 132503 (2011)

Phys. Rev. C 85, 024306 (2012)



‘Improved’ Scission-Point Model

•Inter-fragment distance is not fixed and calculated.

•values of ~0.5-1 fm result (Wilkins – fixed at 1.4 fm)

•Mass symmetry/asymmetry doesn’t change as a function 

of E* (up to E*~60 MeV) – good for future experiments

asymmetric

Symmetric!



‘Self-consistent Scission-Point Model’



Mean-field HFB+Gogny D1S 



A.N. Andreyev, K.Nishio, K.-H. Schmidt, “Review on experimental progress in fission”, Reports on Progress in Physics, 81, 016301 (2018)

What’s after 180Hg?
Probing transition from asymmetry to symmetry

Probing excitations energy dependence (I.Tsekhanovich’s talk)

- particle induced 

x - e.m. –induced E*~11 MeV
187Ir 198Hg

Z=82

Heavy Actinides, N/Z~1.56: predominantly asymmetric;

spontaneous fission, fission isomers

Pre-actinides, light  Ir-Th N/Z~1.4-1.5: 

predominantly symmetric, e.g. FRS(GSI)

Z=82Z=82Z=82

178,180Hg

ISOLDE

Lightest Hg isotopes with 

N/Z~1.25:  asymmetric

180Hg

P.Moller, J. Randrup



Mass Distributions of 194,196Po via bDF of 194,196At at ISOLDE

180Hg 20 ff/h

Energy in Si1 (MeV)

Energy in Si1 (MeV)
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194At  40 ff/h

196At 10 ff/h

Clear difference in energy (thus, mass) distribution between 

2-peaked fission of 180Hg and a broad distribution in  194,196Po 



Multimodal Mass Distributions in bDF of 194,196At and 200,202Fr
L.Ghys et al., Phys. Rev. C 90, 044305 (2014)

20 ff/h

40 ff/h

10 ff/h

0.2 ff/h



20 ff/h

40 ff/h

10 ff/h

0.2 ff/h

J. D. McDonnell et al., PRC90,

021302(2014)

See also talk by I. Tsekhanovich

on fusion-fission in the lead region 

(probing excitation energy 

dependence of FFMD’s)

Multimodal Mass Distributions in bDF of 194,196At and 200,202Fr
L.Ghys et al., Phys. Rev. C 90, 044305 (2014)



FFMDs in the Lead Region: Experiment vs Theory
L.Ghys et al., Phys. Rev. C 90, 044305 (2014)

Calculated FFMDs: P. Moller and J.Randrup

188Pb



Beta-Delayed Fission of two isomers in 188Bi (fission of 188Pb):
probing spin dependence of fission?

A.Andreyev et al, EPJA18,39(2003)  -alpha decay; J.Lane et al, Phys. Rev.C87 (2013) – bdf at SHIP

ms

spherical spherical



Very schematically: bDF of two isomers in 188Bi:

188Bi

Spherical isomer 

High spin 10-

b+/EC

188Pb

High spin 9,10,11Qb=10.5 MeV Bf=9.5 MeV

188Bi

Strongly-deformed

low spin 1+

b+/EC

low spin 0,1,2

fissionfission

At ISOLDE, we can produce clean (laser-separated !) beams 

of both isomers in 188Bi, and study whether their respective bDF

has different properties (e.g. different FFMDs,TKE’s, fission 

probabilities)

In collaboration with S.Goriely, S. Hilaire, 

S. Peru, N. Dubray, J.-F. Lemaitre

Data analysis: B.Andel (Bratislava/Leuven)

0+



188Bi (hs) in comparison to  194,196Po via bDF of 194,196At

180Hg 20 ff/h
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194At  40 ff/h

196At 10 ff/h

Clear difference in energy (thus, mass) distribution between 

2-peaked fission of 180Hg and a broad distribution in  194,196Po,188hsBi 

188Bi (h.s) 



bDF of hs isomer in 188Bi at ISOLDE (fission of 188Pb) 
(preliminary data)

TKE

Either pure mass-asymmetric split or a mixture of symmetric and mass asymmetric



SOFIA – Fission studies at GSI

~2 days

a few hours

SOFIA@GSI: Coulex-induced fission of relativistic RIBs 
in inverse kinematics (J. Taieb, A. Chatillon et al)



• bDF experiments at ISOLDE  allow to probe the low-energy 
fission in the transitional region between the asymmetry of 
178,180Hg and symmetry around 210Rn (studies by Coulex)

•A mixture of asymmetric and symmetric FFMD’s is observed 
in several cases

•This inference is in a qualitative agreement with ‘global’ 
predictions by Moller/Randrup’s model, though some quantitative 
discrepancies are noted. Many other theory approaches!

• SOFIA-like experiments, which can provide much better Z and 
A determination are a must.

• Excitation energy dependence (see talk by I. Tsekhanovich)

Conclusions


