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Detection efficiency

Muscovite 2 MeV, 700 107 - 108 40%HF, 22°C, 90+3 6

mica °Ne 2h

Phosphate 20 MeV, 500 107 - 10 40%HF, 20°C, 903 6

glass 2Ne 1h 30’

PET 12 MeV, 2C 250 10-10 20%NaOH, 95+3 4
60°C, 1h

PC 300 keV, 250 10-10 20%NaOH, 95+3 4

“He 70°C,1h

CN 550 keV,™H 200 107 10%NaOH, 90+3 6
40°C, 1 h

CR-39 100 MeV, 300 1010 20%NaOH, 920+3 6

(PADC) ‘He 70°C, 1 h



Reglstratlon

20%NaOH,70°

Yy,

ATK (CR-39)

a) Zn and S (small) (glass, 60°)

b) Zn and S (small) (glass, 45°)
5.6 MeV/u

c) Xe and O (small) (PET, 45°)
1 MeV/u

v,/v., ~2 (S and O)
vT/vM >10 (Zn and Xe)




Registration
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The sensitivity threshold can be adjusted

using chemical processing, heating,
UV, y- or a-irradiation
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Phosphate
glass

PET
PC

CN
CR-39

650 - 700 °C
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120°C
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U fission fragment tracks (annealing at 600°C, etching 40% HF at 22°C, 72 h)
and scattered Ar ion tracks(without annealing)



ldentification

- Threshold discrimination

- Above-threshold identification:

A. High ionizing particles (track length R(E), track diameter D(E), sequential
etching method)

B. Weak ionizing Particles (layer-by-layer detection, sequential etching
method)

Identification accuracy:
charge AZ = £ 0.2 and mass number AA=%1
energy (depends on E) AE =+ 1% (L = 100 um)
for weak ionizing particles AE = + 10%

By choosing the detector and processing conditions, the identification accuracy
can be improved by 2-3 times.



Applications

SHE synthesis registration

Rare spontaneous fission
events in nature

Cluster radioactivity




SHE synthesis

208Pb + 54Cr — 259106 + 3n ocronxoll denenun

Cross sections < 10™°b (up to 1 pb)
T,s 10 s (up to 0,4 ms)

Flux ~10'® cm™ Muwiens I
Neutron flux ~10""-10" cm™
Background: flux >10° cm™
T ~80C

208Pb+54Cr annealing 460°C, 6h
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Cold Fusion

U+ Mg » 33P0
Th + Mg, Ar, Ca, Ti
Bi+ Cl, Ti, V, Cr, Mn, Fe, Co, Ni

Pb + Ar, Ca, Ti, V, Cr, Mn, Fe o
Tl + Sc, Cr, Fe i
100sZ <112
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*®Pb + “Ar (5,5 MeV/u) - Fm (sf) "Dy + “Ar (5,5 MeV/u) » Po (a)




Cold Fusion

104 <72 <110 Cross sections ~1pb; T, < 10™s
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Rare spontaneous fission events
IN nature

Search for elements Refractory
Z~114, N~184 Inclusions
in natural samples

Allende

"Fluffy"

Type A CAl's
Allende (8.02.1969 Mexico)

carbonaceous chondrite (class CV)
(the most ancient of known forms
of matter in the Solar system).

2 tons collected.

Estimation of the required sensitivity
~3-10(-14) g/g :

Mass of meteorite substance ~1 kg
Exposition ~1 year

§ Image Copyright Mew England Meteoritical Services 2000



Allende

Sample: 850 g (layer 1-2 mg/cm2) (2) Exposure: 10 months
Detector: Polycarbonate Shielding: concrete 2 m
(mean range estimation ~ 24 um) .
Polycarbonate 185 pum: 433 layers (1) Etching: . )
Total area 2000 cm2 12 um 10/00KOH (60°C) )
Polycarbonate 12 pm (~ 7 m length) (3) 185 um: 20% NaOH (70°C) [Dtr 10 um]
Spark Detection (eff ~ 40%)
-5 Background

- film defect breakdown

5 - 10 pcs per 650 cm2

- uranium 2-10(—38) g/g

(1 decay in 10 months)

: - technogenic impurities
(1 decay per year)

6 events in 10 months
0.02 decay per day per kg
(concentration 10(-14) g/g)




i 232 20 - Plastic detectors
Spontaneous fission of “°“Th Melinex (200 1)

Cran Sasso Underground Laboratory Total area - 0.2 m*
- - {Dubna-Milano collaboration grant M93-02-03.719) - — - N T -
Bonetti et al. PRC 51 (1995) 2530

232
Th

238 -6
(TU=2*10" %)

10 sheets
125 um each

Exposition : 665 days
On the front side: 21 tracks 232
On the back side: 2 tracks Tse(T"Th)=(1.2 £ 0.4)- 1021y

232 - 21 (Holden, Hoffman. IUPAC Tech Rep 2000)
T_(**Th) = (1.22 £ 0.43)10* a

with permission of Yu.Ts. Oganessian




Cluster radioactivity

Zamyatnin et al PEPAN 21 (1990)

Ra - 2°Pb + C: A /A_~ 107

Ve / Vu L
SSNTD: 20 ¢¢=1,E'ﬂ?mnu'2 “"Mzga B =1 4-10cM2
Registration threshhold Z > 6 26
Energy ~ 2MeV/u »
Large area (up to 10° cm?) , 8“ -
. 1'5 - -
Step-by-step etching 26 \
\ Ne
Two-layer detector: Ne %ﬁ
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Cluster identification: calibration o, exp: 2*U (X)
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Cluster radioactivity

Q= 14-10"cw ™"

Zamyatnin et al PEPAN 21 (1990)

DUBNA:

Nucl. Cluster

231Pa 24Ne

23U Ne

234U 24Ne,
28Mg
Ne, Mg
Ne, Mg
28Mg
30Mg
34Si

T

172

(8,6+1,6)-10% a

(5,7+0,6)-10" a
(1,610,2)-10% a

~1.5-10* a
>5.10Y a
>0.-10% a

2020: > 20 parent nuclei
87 <Z<96;Z =56

11 types of clusters
Z=6, 8,9, 10, 12,14




Photos
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Thank you for your attention




