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Experimental steps: FOBOS ->modified FOBOS ->mini-FOBOS

missing mass approach, Z -sensitive variables &

experimental neutron multiplicity V., , for selection of the CCT events
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Neutron belt of FOBOS
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with internal?>2Cf source




Collinear Cluster Tripartition
( Multy-Cluster Decay )
LF,

Conventional
ternary fission




Just to remind:

How to observe CCT @ FOBOS

*2Cf source

Dispersing foil

Bragg chamber
Bragg chamber

Separating mesh
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The main results: Ni-bump
& Its internal structure
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Z evidence: it is really Ni-bump

100000 - 3000
1 2000-
1 8
| —
] =
(e}
Q
1000+
10000
(7] f
-
= ]
: -
o |
o
1000 -
- 235
Modul 1
- Modul 2
lll'l"'l’llllI'T'lllll‘l'll;llllllllll"l‘l‘ll(l'l"l'l"'(
0 10 20 30 40 50 60

Z (charge units)



Results were published in:

@ Recognize d by Eurnpean Physical Socsty

Eur. Phys. J. A 45, 29-37 (2010) DOI: 10.1140/epja/i2010-10988-8
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CCT — as a new kind of cluster decay (radioactivity)

Yu.V. Pyatkov, D.V.
Kamanin et al., EPJ
A 45 (2010) 29

H.J. Rose and G.A.
Jones, Nature 307 (1984)

245
"Lead radioactivity" "CCT"
- binary cluster decay -ternary cluster decay
222-226 R a

(10"-10")Pa ~4*10" / bin.fiss.

Fig. 10. Cluster scheme for the comparison of the lead ra-
dioactivity with collinear cluster tri-partition.
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Additional bumps based on deformed magic clusters

1
i
1
i
1

1
Ywa-¥Ywl i Ni

]
!
! - =
] | mass range of
I!I i "Nl -donors”
L
f.f!

1500 -

20 30 4 5% 60 T 80 90 100 110 120
M (amu)

2000

1500

4

Y wo~1% / bin.fiss.

1000

500

TYVPrrrreey | RARAS Bas ™ | AR | LS RAGAS A AN Rasss Ba s

500 3
"Ni"-bump 12-0" 2 ]

M, 12

c

'1':":':': S T I I T

. N
82 98 10 20 30 40 S50 B0 7O B0 8O 100 410 120 430

94 99 106
b M, (amu)

bttt

——
20 30 40 8% 60 70 80 90 100 110 120 130 140
M(amu)

140



Probability

0.1

0.01

1E-3

1E-4

1E-5

1E-B

Statistics of neutron registration

Ex_2

0.3 a
pile-up
0.2
background
0.14
™S
e o Tt
012 3 456789
number of meutrons
] 1 1 1 |
a 1 2 3 4

number of detected neutrons

Ex2:

P ~12%, P

mov

~5%

11




160

140

120

M, (amu)

100

80

60

60

80

100 120

M2 (amu)

Neutron gated data, n=3
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Neutron gated data, n=2
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Selection of the CCT events using drift-time
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Parameters of the LCP detected
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Polar emission : previous experiments —

no chance to detect LCP under discussion

The light charged particles emitted near to the fission axis were identitied and
their energy was measured using a semiconductor telescope consisting of a surface
barrier (SB) 45 um thick AE detector and a 1.7 mm thick Si(Li) drifted E-detector.
Simultaneously, both fission fragments were registered in two SB detectors. The

E AE Fy COLLIMATOR T E“
MULTIPARAMETER STUDIES OF POLAR EMISSION
IN U FISSION
E E. PIASECKI, M. SOWIXNSKI, L. NOWICKI, A. KORDYASZ,
—1- +- E. CIESLAK and W. CZARNACKI
]— Institute of Nuclear Research, Department IA, 05-400 Swierk, Polandt

Nuclear Physics A258 (1975) 187 —404
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Fig- 1. Geometry of the experiment. The neutron beam passes perpendicularly to the plane of the

figure. The symbol @ denotes diameter. The resolution function D(p) shown in the right corner is

the (arbitrarily normalized) probability distribution of registering the EA AEA Fon F, event,
when the angle between the polar particle and F, fragment is equal to ¢ degrees.

30 pm detector (denoted Fy) was sufficiently thick to stop and register fission frag-

Ments going almost in the same direction as the light particles, protecting at the
same time the telescope from fission fragments and a-radioactivity of the target.

The coincident (within 2 us) pulses from the E, AE, FE and J!“'= detectors were
analysed and stored event by event on magnetic tape by means of a Nuclear Data
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Symmetric cluster configurations in the CCT of 23°U*
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The “missing mass” approach was wary
fruitful, however a direct observation of three
fragment was still desirable

Next steps to be done with the mosaic system:
Correlation Mosaic E-TOF Array (COMETA)



COMETA setup — overall view
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COMETA data: Ni-bump & Ge-bump without any gating
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prescission neutrons?

Neutron gated data, n=3 & V-E gate

N\

Rectangular structure
similar to these observed
earlier but:

based on deformed

magic clusters
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Ternary events,

3 fragments were
really detected
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Ternary decays, all 3 fragments were detected
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The new important data obtained, three
correlated CCT partner are directly observed,
but the most (perhaps) intriguing collinear CCT
mode is still available only in “missing mass”

Next steps of the development:

- Expanding the number of the detectors
- Applying the new acquisition method

- Physical de-collinearization

The goal is a common approach to physics of
- conventional ternary fission

- polar emission

- heavy ion radioactivity

- CCT
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True ternary fission studies:

contradictive results
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COMETA-2 setup,
time-of-flight part
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Perspective approach to electronics

T
it

16+1 channel

12 bit 5 GS/s Switched Capacitor ADC

1 Vpp input dynamics, single ended, 50 Ohm, MCX coaxial
connectors

Based on DRS4 chip (Paul Scherrer Institute design)

1024 storage cells per channels (200 ns recorded time per
event @ 5GSample/s)

» Memory buffer: 128 events/ch (optional: 1024 events/ch)

« Trigger Time stamps



Electrostatic guide system

Poster of A. Alexandrov




Y, cm

lon guide performance
simulations
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Ternary fission of low excited
Conventional nuclear systems - status
ternary fission guo at the start:

~10-3/bin.fiss.

||||||||| RAAAR RN RN RR AR AR RRRERE RS AR
ASYMMETRIC FISSION

BINARY FRAGMENTS

SUPERASYMMETRIC FISSION
F. Gonnenwein, Nu
Phys. A 734 (2004)

10 E" TERNARY PARTICLES

107, 20 40 60 80 100 120 140 160 180
Mass Number A

True ternary fission - contradictory results:

“Polar emission” | M.L. Mugaet al., (1967) - Y;~10%/bin. fiss.,
~105/bin. fiss. but it was strongly criticized ;

P. Schall, P. Heeqg,

M. Mutterer, J.P. Theobald (1987) - Y3 <10 8/bin.fiss.
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Internal structure of the Ni-bump: the ridges M1+M2=const
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Drift time 1 calculated (channels)

Drift time application
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True drift time D even for

scattered fragments

Yu.V. Pyatkov et al.,
Phys. Of Atomic Nuclei
73 (2010) 1309




