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Abstract
MASHA Facility’s objective is to identify Super Heavy Elements by their mass to charge ratio. Because the full fusion reactions yields are very low, due to its low cross-sections of several nanobarns, the reactions of Hg and Rn formations were used in the experiments. The separation efficiency of mercury could predict the separation efficiency of superheavy elements and therefore predict its expected yields.
 
Introduction
The synthesis of new nuclides determined a need for methods of their identification via the Isotope Separator OnLine (ISOL) technique. MASHA (Mass Analyzer of Super Heavy Atoms) mass separator was built and put into operation at Flerov Laboratory of Nuclear Reactions (FLNR) at Joint Institute for Nuclear Research (JINR), Dubna, Russia, in order to measure on-line the mass-to-charge ratios of SHE isotopes with simultaneous detection of their α-decays and spontaneous fission.
The data disscused here is obtained from the complete fusion reactions : 40Ar+natSm, 40Ar+166Er. We analyze the alpha emission energies of Hg and Rn isotopes, as these represent homologues of Cn and Fl elements. 

Installation (Main Parts and Description)

1. Ion-optical Layout
The mass analyzer includes four dipole magnets (D1, D2, D3a, D3b), three quadrupole lenses (Q1, Q2, Q3), two sextupole lenses (S1, S2) and a focal plane detector system.
2. ECR Ion Source
The ECR ion source operates at a microwave generator frequency of 2.45 GHz. The ion beam is separated by the magneto-optical mass-to-charge ratio analyzer.  After the atoms of nuclear reaction  products are ionized to the charge state Q=+1, they are accelerated by a three-electrode electrostatic lense. A high ionization efficiency is obtained with this source.
3. Hot catcher
The hot catcher is part of the target assembly. Firstly, the primary beam of heavy ions passes through the diagnostic system, allowing control of the beam position. Foil made of thermally expanded graphite which has a polygraphene structure with a density of 1 g/cm3 and a thickness of 0.6 mm is used in the hot catcher as an absorber material.
 Nuclear reaction products escape from the target, pass through the separating foil, and are stopped in the graphite absorber, which is heated to a temperature of 1500–2000 K. In the form of atoms, the products diffuse from the graphite absorber to the vacuum volume of the hot catcher and, moving over the pipeline, reach the ECR source. 
4. Detectors and Control System
· Focal plane silicon multi strip detector has a number of focal strips of 192 ( with a 1.25 mm step), and a number of back side strips of 160 ( with a 5mm step). The configuration is well type and its total efficiency exceedes 90%. This type of detector can detect alpha particles and fragments, which is suitable for neutron-deficient alpha active nuclei.
· TIMEPIX detector consists of an array of 256x256 square pixels for full sensitive area 14x14 mm2 and silicon sensor of 300um width. It can be used as a tracking two-dimensional detector. It is mainly utilized for the neutron-rich nuclei, which decays mostly by beta minus mode.




Method
The setup is a combination of the so-called ISOL method of synthesis and separation of radioactive nuclei with the classical method of mass analysis, allowing mass identification of the synthesized nuclides in the wide mass range
The beam is accelerated with the U400M cyclotron up to 5-7 MeV/nucleon. When the beam is on it stops in the graphite catcher.  Having passed through the split collimator, rotating target and the separating foil the beam stops in the graphite foil heated up to 1800K. The atoms diffuse from the graphite volume and, moving along the vacuum pipe, reach the ECR ion source discharge chamber where they are ionized. The beam is periodically interrupted via the Faraday cup for the beam intensity control or target protection. Data aquisition programs are used which allow viewing one-dimension energy spectra from each strip, as well as two-dimensional spectra of the energy dependence on the strip number for each crystal.
Tasks
The task consists of plotting and analyzing data from the detectors, obtained from 3 different reactions, writing down the decay energy, alpha branching ratio and the isotopes; then doing a calibration of the strip detector and showing the results on a heat map.














Results
1. 40Ar + 148Sm → 188-xnHg + xn




















2. 40Ar + 166Er → 206-xnRn + xn



















3. 48Ca + 242Pu – multinucleon transfer reaction leading to Rn isotopes





Alpha Decay Energy [218Rn ]:7110                                Alpha Branching Ratio: 99.89
Alpha Decay Energy [218Rn]:6590                                 Alpha Branching Ratio: 0.127
Alpha Decay Energy [214Po]:7660                                  Alpha Branching Ratio: 99.9895
Alpha Decay Energy [210Po]:5280                                  Alpha Branching Ratio: 100
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Note
In the last heat map, 213-217Rn can’t be found in the matrix graph because their half lives are shorter than 0.5 ms and the counted (by beam interruption method) installation separation time using the polygraphene solid catcher is 1.8±0.3 s.


Conclusion
The mass-spectometer MASHA located at the beam output of the U-400M cyclotron was built to identify SHE (Super Heavy Elements) by their mass-to-charge ratio and to gain additional information using the detector system. Complete fusion reactions take place between the beam and the target, resulting in products that will be  stopped and dissolve from the hot catcher and reach the ECR ion source where they get ionized,  extracted by electrode system, passes the magneto-optical mass-separation line and reach the detectors. 
 Mercury and radon isotopes were produced in the complete fusion reactions 40Ar + 148Sm → 188-xnHg + xn and 40Ar + 166Er → 206-xnRn + xn respectively. Chemically, mercury is similar to a number of properties to Cn and Fl, which are volatile metals at normal conditions. Radon is an inert radioactive gas, so it doesn’t make any combinations with any of the materials. The energy spectra of the escaped α-particles were measured at the focal plane via the silicon detector system.
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