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An inspiration for the study of Collinear Cluster Tripartition

…what if the strong electric repulsion would stretch out the post-saddle shape into
a sufficiently long cylinder that would actually prefer to divide into three rather
than two pieces?   This would not be unexpected, because for Uranium the energy
released in a division into three equal fragments is actually greater than into two. Nucl. Phys. 46 (1963) 639

two necks

three necks



FF region

Thus, the existence of numerous shape isomer 
states even in the same isotope are predicted in the 
wide range of nuclei from very light one  as  32S up 
to super-heavy. 

Shape isomers - predictions



Next stage in studies of shape isomers : fission isomers

Discovered in 

FLNR (JINR)

Fission isomers
S.M. Polikanov
JETP 1962



V. ZAGREBAEV,  W. GREINER

Proc. Int.  Symp. on Atomic Cluster Collisions (ISACC07), GSI
Darmstadt, 2007, (Imperial College Press, London, 2008), Eds. J.-P.
Connerade and A. V. Solov'yov, p. 23

Three-humped barrier calculated along the fission path 
of 296

116Lv (Livermorium).

“These intermediate minima 
correspond to the shape isomer states.
From analysis of the driving potential 
we may definitely conclude that these
isomeric states are nothing else 
but the two-cluster configurations with 
magic or semi-magic cores surrounded 
with a certain amount of shared 
nucleons.”

Shape Isomeric States in Super-Heavy Nuclei

Are there fission isomers in the mass 
range of fission fragments?
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Our know-how: true time reference point 

Digital image  of the pulse 0.2ns/ch

Our experimental approach: measurement of each fragment mass independently 

CAEN DT5742

(used 
conventionallyF

COMETA 
(COrrelation Mosaic E-T Array) 

Peculiarities of E and TOF in PIN-diods

- Mosaics of PIN and MCP
- Event by event processing

of correlated masses
- Mass of each fragment from V&E
- Using of thick materials
- Pile-up and base line controlled



Strong indication of the shape-isomer state in FF

V1V2 V3

Double scaling of each fragment 

event by event

Mtt = Mc/(1+V1/V2) 

”initial” FF mass right after fission

MTE=2E/(V3
2)      

“resultant” FF mass in detector

τ life >15ns
Kinematical selection of the cold events-Yiso~10-3/bin fiss 

A “double-core system” revealed
with a magic constituent
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~ 400 ns after initial photofission event
2PIN



252Cf (sf)

Tin and Tellurium “fingers” in the fragment mass spectra of 235U(ɣ, f) 

252Cf (sf) to compare

Decay after 400 cm drift in EGS 
τlife > 400ns

Similar result of the break-up  of heavy 

FFs of two different mother systems in 

two different foils were observed:

magic nuclei of 128Sn and 134Te 

demonstrate themselves as the cores of 

the deformed heavy fission fragments 

being in the shape isomer states.

2PIN



Long lived history: CCT → fission isomers.    The same physics.

Ni & Sn FFs were really detected in the 
opposite arms due to the break-up of the 

light FF in the backing

“rhombic meander”
M1+M2=const    
M1-M2=const           

FOBOS

COMETA



VEGA-m project drawings. Planning low background measurements.

Tentative Plan:
- Delivery of constructions August 2024 
- Assembling September
- In beam test November 
- First Experiment Spring 2025



Converter and target in local shielding A way to the “low-background” lab



Our publications

http://fobos.jinr.ru/

Conclusions & way forward @2025

1. In the framework of the different experimental approaches, the induced fission (break-

up) of a certain part of fission fragments through the shape-isomer states was discovered.

2. The life time of at least some of such states exceeds 400 ns.

3. The shape-isomer state in fission fragment manifests itself via delayed break-up

of the fragment in a solid-state foil.

Photo-fission @ MT-25 
239Pu target expected

COMETA-R experiment at IBR-2 
with a new thin chamber

Study of angular correlations 
at COMETA-F with 252Cf
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