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- Introduction: 
1) Interest to the 180Hg region and 
2) Some selected previous experimental results

- JAEA experiment : fusion-fission of 178Pt
1) Experiment 
2) Results (velocities, MED, fission modes)

- Hot questions and Future work

OUTLOOK



Fission modes in actinides : MD – TKE correlation
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Definition :

(A)Symmetric mode :  

(a)symmetric mass division



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

196Au

Z=82

Actinides N/Z ~1.57 : MD : asymmetric

K.-H. Schmidt et al.

Z=82Z=82Z=82

Region of interest :  nuclei with low isospin

N/Z ~ 1.3
Bf≈Sn ~ 10-12MeV

???

Fission properties as a 
function of isospin ??

MD : symmetric
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Andreyev et al. (PRL 105 (2010) 252502): 

ASYMMETRIC  mass  split : MH=100(4) & ML= 80(4)

Eff1-Eff2 coincidences ~330 events

Singles 1111 ff
~20 ff/h

Z identification : UCD rule  100Ru (N=56,Z=44) and 80Kr (N=44,Z=36) 

Trigger :  Mass Distribution from fission of 180Hg 



New Region of Asymmetric Fission : 
p-rich sub-lead region

P. Moller & J. Randrup: PRC 91, 044316 (2015)

180Hg

178,180,190Hg &  178Pt :      ISOLDE/JAEA data      

179,189Au & 182,184,195Hg : BARC (India) 
+ ANU (Australia) data

𝑬∗ > 𝟑𝟎𝑴𝒆𝑽



• E* = 34-71 MeV
• 2010-2014: JAEA,Tokai

K. Nishio et al, PLB (2015)

JAEA : Mass Distributions from fission of 180,190Hg 

 Robustness with Eexc :

Asymmetric MD up to E*= 70 MeV

 No symmetric mode ?

“The mass distributions for both Hg 
isotopes could be well reproduced with 
a single asymmetric fission mode” 



ANU : Mass Distributions from fission of 182,195Hg 

NEED: 

- Pin down the modes 
- Determine their properties



Eexc. (MeV)

ELAB (MeV)

Fusion
Evaporation
Fission

178Pt Experiment : 36𝐴𝑟 + 142𝑁𝑑 → 178𝑃𝑡- July 2016, JAEA : 

Target: C   +   NdF3

42 𝜇𝑔/𝑐𝑚2

75 𝜇𝑔/𝑐𝑚2



JAEA: Experimental Setup and Geometry

MWPC1

ToF 1 ~ 30 cm

MWPC2

MCP2

MCP1

60°

ToF 2

beam

Data acquisition : - digital triggerless --> events to construct 

Observables: 

- TOF (MCP -- MWPC)
- X, Y coordinates (MWPC)
- DE (MWPC cathode)

Calculated quantities: 

- Relative angles 
- Velocities  true fission velocities

- FF masses  & kinetic energies

𝒑1 = 𝒑2

𝐴1 + 𝐴2 = 𝐴𝐶𝑁 = 178

 
𝑇𝐾𝐸 =

𝐴𝐶𝑁
2

𝑣1 𝑣2

𝐴1𝑣1 = 𝐴2𝑣2

 2 independent TOF arms
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Mode position : Partial Mass Distributions
TKE(Viola) = 135.9 MeV
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Asymmetric mode :  𝑨𝑳 = 𝟕𝟗
𝑨𝑯 = 𝟗𝟗

Symmetric mode   :  
𝑨𝑪𝑵

𝟐

TKE LOW

TKE HIGH

Asymmetric mode in 178Pt :

in agreement with Viola 

(= similar to actinides)



Results : Fission-Fragment Mass Distributions

( fit with fixed peak positions )

- MD shapes well reproduced

- Symmetric mode yield ~ 30 %

- Symmetric mode is wider
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Mode competition: 

Challenge for theory !



Fission of 178Pt : PES

 Most probable division : 

80Br + 98Tc 

 Symmetric division : 

in competition 

Nuclear Density Functional Theory results : 

By : W. Nazarewich & Team
From: I. Tsekhanovich et al., PLB 2019



Asymmetric fission : 
systematics on AL & AH

(SF & low-energy fission)

Bimodal fission

- no 132Sn in MDs !

N/Z ~ 1.3 

N/Z = 1.5 – 1.6 

??

Non-stabilized LFF, HFF =
no link to any particular N, Z



Summary from 178Pt : 

 Need for more experimental data in the new island of asymmetric fission : 

i. To establish systematics on yields (LF & HF peak positions)

ii. Fission mode competition, as function of N, Z and Eexc of CN

New Challenge : 

fission studies at Eexc ~ Sn 

symmetric fusion reactions : 
90Zr + 90Zr   180Hg*
90Zr + 89Y    179Au* 
90Zr + 88Sr  178Pt*
90Zr + 87Rb  177Ir*

JAEA tandem : 
Zr beams available !! 

Work to do : 

 New MED data : Predominantly asymmetric mass distribution

 Co-existing fission modes 

 Fission mode properties as in actinides: apparent insensitivity to 
isospin
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Thank you for your attention !


