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Introduction
• Nuclear stability is a concept that helps to 

identify the stability of an isotope. 
• The experiments were performed  at the 

Flerov Laboratory of Nuclear Reactions, 
JINR where ions resulting from accelerated 
Ca ions bombarding targets of 238U, 242,244Pu, 
242Am, 245,248Cm and 249Cf  were used for 
producion of the superheavy elements 
(SHE).
• MASHA is the mass-spectrometer which 

can measure masses of the syntesized 
isotopes simultanousely with registration of 
their alpha-decay or spontaneous fission.



Motivation

• The fusion of new nuclides stimulated interest in finding methods of 
identifying super heavy elements 
• To test the production methods of SHE, lighter elements with simillar 

chemical properties are used.
• Mercury is comparable with element 112-Copernicium and Radon is a 

radioactive noble gas.
• Hg and Rn isotopes were obtained in fusion-evaporation or multinucleon 

transfer reactions
40Ar+148Sm –> 188-xHg + xn
40Ar+166Er –> 206-xRn + xn
48Ca+242Pu      ->  212,218,219Rn
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Notation:
D = dipole
Q = quadrupole
S = sextupole





CryoCell- Cryogenic gas-filled ion stopper “Gas Catcher”
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Detectors
- Energy measurement system

- On-line - Pickups TOF
- Off-line - MCP TOF, Pin-silicon

Kinetic energy
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Example of 48Ca beam energy



- Current measurement system
- Off-line - Faraday cups (interrupts the beam)
- On-line - Emission monitor - measures emitted electrons from target during 

irradiation

- Physical properties of superheavy elements measurement system (on-line)
- Strip (position)
- TIMEPIX



Strip and TIMEPIX





- Resolution 100 keV (α particles from 220Rn source)

- Sensitive area 14*14 mm 256*256 pixels

- Silicon sensor 300 μm thicknessm thickness

- Each pixel has preamplifier and digitizer

- Detect any type of radiation: α-, β-particles, fission fragments 
and electromagnetic radiation (γ- and X-rays)

TIMEPIX



FITPix
- successor of the USB 1.22 Interface

- developed in the IEAP CTU Prague

- FPGA integrated circuit



Comparison of Strip and TIMEPIX
Strip

- α particles and fragments 
measurement 

- high resolution

- not integrated electronic parts

TIMEPIX

- detects any type of radiation 
and shape of particles

- smaller resolution

- integrated electronics



Calibration 241Am
γ - low energy calibration
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Calibration 233U, 238Pu, 239Pu
α - high energy calibration
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Calibration with using 
228Th emanation 





Excitation functions of the fusion-
evaporation reaction channels
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Isotopes Halflife

212Rn 23.9min

213Rn 25ms

214Rn 0.27μm thicknesss

215Rn 2.3μm thicknesss

216Rn 45μm thicknesss

217Rn 0.54ms

218Rn 35ms

219Rn 3.96s

μ



Conclusion

• Study of Radioactive Nuclei produced in nuclear reactions at 
MASHA and its data acquisition
• Isotope identification using the alpha energy spectra
• Calibration of the energy axis of the Energy-Mass matrix using 

the energies of the alphas emitted by the produced isotopes
• Detection of superheavy elements and nuclei at the border of 

stability limits at MASHA is made by two types of detectors. 
Well type strip detector and TIMEPIX.
• Results interpretation



Thank you for your 
attention!
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