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Abstract

The MASHA (Mass Analyzer of Super Heavy Atoms) setup has been designed as a mass-separator with
the resolving power of about 1700, which allows mass identification of superheavy nuclides. The setup
uses the solid ISOL (Isotope Separation On-Line) method. The data analysis, which is collected from
the experiments of complete-fusion reactions neutron evaporation residues and multinucleon transfer
reaction 48Ca + 242Pu using the α-decay chains from the position sensitive Si detector. For detections
is used a special hybrid pixel detector TIMEPIX with the MASHA setup for neutron-rich Rn isotopes
identification.

I. Introduction

MASHA (Mass Analyzer of Super Heavy Atoms) is based on the beam line of Cyclotron
U-400M at Flerov Laboratory of Nuclear Reactions (FLNR) at Joint Institute for Nuclear

Research (JINR), Dubna, Russia. Was constructed as the mass-spectrometer in a large variety
of masses (from 1 to 450 a.m.u.) and for on-line measurements of the physical properties of
superheavy elements (SHE), such as decay energy and modes, mass and half- lives. MASHA is
used for a fundamental investigations in nuclear physics. Here we will make an analysis of the
data, which were obtained by accelerated ions. The data from fusion evaporation reaction were
analysed and evalueted. From the experiments, that were performed in FLNR at JINR, were three
different reaction (40Ar + 148Sm, 40Ar + 166Er, 48Ca + 242Pu) and the final product was Rn and Hg.
[1, 2, 3]

II. Installation (Main Parts and Description)

1. Ion-optical layout

A magneto-optical mass-to-charge ratio 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 (Electron Cyclotron Resonance) ion source operates at the microwave gener-
ator frequency of 2.45 GHz. The incoming atoms of nuclear reaction products are ionized
to the charge state Q=+1 and accelerated to 40 keV by a three-electrode electrostatic lens.
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The ion beam formed is separated by the magneto-optical mass-to-charge ratio analyzer.
With this ion source it is possible to get beam currents consisting almost entirely (100 %)
of singly-charged ions. The ionization efficiency of about 90 % is obtained even for noble
gases.

3. Hot catcher

The injection of the complete fusion reaction products to the ECR ion source took
place after it stopped inside polygraphene catcher unit. After emission from the target the
reaction products passed through the separating foil and stopped in a graphite foil heated
up to 1800-2000K. The nuclear reaction products diffused in the form of atoms from the
graphite into the vacuum volume of the hot catcher. Moving along the vacuum pipe they
reached the ECR ion source.

4. Targed box

Target system represents a block of rotating targets, assembled into cassettes. The disc
rotates at f = 25 Hz and the rotating target was used in this yields to higher efficiency and
heat distribution. The ion beam collided with the target and then the reaction products are
stopped in catcher.

5. Detectors and control systems

For detection of nuclear reaction products a multiple detectors system at the focal plane
of the mass-separator was installed. The front detector was a multi-strip silicon structure
fixed on the surface of glass-cloth laminate. It had an area of 240x35 mm2 and consisted
of 192 strips with a pitch of 1,25 mm.The detectors on righ and left side had 16 strips and
upper and lower detectors had 64 strips. The all detectors had 300 µm thickness. They were
used to determine the energies of the α emmition and the spontaneous fission.

The control of the ion-optical elements of the mass-separator, the vacuum system, the
ECR ion source and the hot catcher was made on the base of the standard LabVIEW packet
with personal computers located in the control room of the MASHA facility.

[1, 2]

III. Methods

The MASHA setup is a combination of the ISOL (Isotope Separation On-Line) method of synthe-
sis and separation of radioactive nuclei with the classical magneto-optical mass analysis, allowing
mass identification of the synthesized nuclides in the wid range of masses. MASHA would be
related to study the neutron-rich nuclei near the N=126 neutron shell closure. These nuclei are
planned to be produced in the multi-nucleon transfer reactions with mass-to-charge ratio sepa-
ration of the target-like fragments. This has to be in favor of increasing the yield of newborn
nuclei. It is also expected that a prior determination of masses of the nuclei under investigation
will essentially facilitate the analysis of their decays with using the hybrid pixel detectors of the
TIMEPIX type. These detectors have a high spatial and energy resolution and allow one to count
a single β- or α-particle. [1, 2]
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IV. Tasks

Make an analysis of the data, that were obtained from MASHA facility and create graphs. Deter-
mine α-decay energy and write down the isopes, that can be find in the specifics energy levels.
Create a heatmap from isotopes matrixes and analyse it too.

V. Results

i. 40Ar + 148Sm

Figure 1: Graph shows 1-D spectra of mercury isotopes
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Figure 2: Graph shows 1-D spectra of mercury isotopes
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Figure 3: Graph shows 1-D spectra of mercury isotopes
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Figure 4: Graph shows 1-D spectra of mercury isotopes
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Figure 5: Graph shows 1-D spectra of mercury isotopes
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Figure 6: Graph shows 1-D spectra of mercury isotopes
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Figure 7: Graph shows 2-D plot of α decay energies (keV)
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ii. 40Ar + 166Er

Figure 8: Graph shows 1-D spectra of mercury isotopes
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Figure 9: Graph shows 1-D spectra of mercury isotopes

11



JINR Interst • Training program (1st wave) • October/November 2020

Figure 10: Graph shows 1-D spectra of mercury isotopes
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Figure 11: Graph shows 1-D spectra of mercury isotopes

13



JINR Interst • Training program (1st wave) • October/November 2020

Figure 12: Graph shows 1-D spectra of mercury isotopes
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Figure 13: Graph shows 2-D plot of α decay energies (keV)
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iii. 48Ca + 242Pu

Figure 14: Graph shows 1-D spectra of mercury isotopes
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Figure 15: Graph shows 1-D spectra of mercury isotopes
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Figure 16: Graph shows 1-D spectra of mercury isotopes
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Figure 17: Graph shows 2-D plot of α decay energies (keV), in this matrix 213−217Rn doesnt’t exist, because their
half-lives are less than 0.5 ms. The weak α decay energy signal in the middle part of graph is created due
to incomplete α emission energies. [2, 4]
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Figure 18: Table shows value of measured energies and table energies (keV), probability of specific isotopes, type of A
decay energies and peak identification
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VI. Conslusion

MASHA (Mass Analyzer of Super Heavy Atoms) is mass-separator for identification the SHE
(superheavy elements) by mass-to-charge ratio and could show additional information about
isotpes by using the detector system. Between the beam and target, that is placed in the hot
catcher, happened fusion reaction. The energy spectra of the α decay energy were measured
at the focal plane by silicon detector system. The reaction products become ionized and were
diffused in the vacuum tube until they reached the detector.

VII. Acknowledge

I want to thank the team of the JINR Interest training program for joining me to work on the
project. I gained newest information about MASHA setup and new knowledge about software
OriginPro and it helped me to decide doing my masters thesis and to continue a colaboration
with JINR.

References

[1] V. Yu. Vedeneev, A. M. Rodin, L. Krupa, A. V. Belozerov, E. V. Chernysheva, S. N. Dmitriev, A.
V. Gulyaev, A. V. Gulyaeva, D. Kamas, J. Kliman, A. B. Komarov, S. Motycak, A. S. Novoselov,
V. S. Salamatin, S. V. Stepants The current status of the MASHA setup, Springer International
Publishing Switzerland, 2017

[2] A. M. Rodin, A. V. Belozerov, E. V. Chernysheva, S. N. Dmitriev, A. V. Gulyaev, A. V.
Gulyaeva, M. G. Itkis, J. Kliman, N. A. Kondratiev, L. Krupa, A. S. Novoselov, Yu. Ts.
Oganessian, A. V. Podshibyakin, V. S. Salamatin, I. Siváek, S. V. Stepantsov, D. V. Vanin,
V. Yu. Vedeneev, S. A. Yukhimchuk, C. Granja, S. Pospisil Separation efficiency of the MASHA
facility for short-lived mercury isotopes, Springer International Publishing Switzerland, 2014

[3] A. M. Rodin, A. V. Belozerov, D. V. Vanin, V. Yu. Vedeneyev, A. V. Gulyaev, A. V. Gulyaeva,
S. N. Dmitriev, M. G. Itkis, J. Kliman, N. A. Kondratiev, L. Krupa, Yu. Ts. Oganessian, V. S.
Salamatin, I. Siváek, S. V. Stepantsov, E. V. Chernysheva, S. A. Yuchimchuk MASHA Separator
on the Heavy Ion Beam for Determining Masses and Nuclear Physical Properties of Isotopes of Heavy
and Superheavy Elements, NUCLEAR EXPERIMENTAL TECHNIQUES, 2013

[4] S.N. Dmitriev, Yu.Ts. Oganessyan, V.K. Utyonkov, S.V. Shishkin, A.V. Eremin, Yu.V. Lobanov,
Yu.S. Tsyganov, V.I. Chepygin, E. A. Sokol, G.K. Vostokin, N.V. Aksenov, M. Hussonnois,
M.G. Itkis, H.W. Gäggeler, D. Schumann, H. Bruchertseifer, R. Eichler, D.A. Shaughnessy,
P.A. Wilk, J.M. Kenneally, M.A. Stoyer, J.F. Wild, CHEMICAL IDENTIFICATION OF DUB-
NIUM AS A DECAY PRODUCT OF ELEMENT 115 PRODUCED IN THE REACTION 48Ca+
243Am, Paul Scherrer Institute, Villigen CH-5232, Switzerland; Lawrence Livermore Na-
tional Laboratory, L-236 Livermore, CA 9455, USA

21


	Introduction
	Installation (Main Parts and Description)
	Methods
	Tasks
	Results
	40Ar + 148Sm
	40Ar + 166Er
	48Ca + 242Pu

	Conslusion
	Acknowledge

