JOINT INSTITUTE FOR NUCLEAR
RESEARCH

Flerov Laboratory of Nuclear Reactions

FINAL REPORT ON THE INTEREST
PROGRAMME

“Production and Spectroscopic Investigation of New
Neutron Rich Isotopes Near the Neutron N=126 Shell

Closure Using the Multi-nucleon Transfer Reactions”

Supervisor:

Mr. Viacheslav Vedeneev

Student:
Nishant Gaurav
Indian Institute of Science Education and Research (IISER)
Kolkata, India
ngl9ms003@Qiiserkol.ac.in

Participation Period:
February 14 — April 10, 2022

Wave 6
Dubna, Russia


mailto:ng19ms003@iiserkol.ac.in

Abstract

Mass Analyzer of Super Heavy Atoms (MASHA) with the resolving power of
approx. 1700 uses Isotope Separation On-Line (ISOL) methods for the separation
of reaction products of multi-nucleon transfer reactions. The MASHA setup at
Flerov Laboratory of Nuclear Reactions (FLNR) at Joint Institute for Nuclear
Research (JINR), Dubna, Russia, is based on the beamline of the Cyclotron U-
400M. The data collected by MASHA setup at FLNR. for complete fusion reactions
of YAr4+Sm, °Ar+'Er, and multinucleon transfer reaction of *®Ca-+2?**Pu near
the neutron N=126 shell closure is analyzed using Origin Software, and the
corresponding heatmap for a-decay energy profile has also been studied.

Introduction

The set of isotopes of superheavy elements (SHE), which is located at the island
of stability in the nuclear stability map, are considered to live longer as compared
to other isotopes of these elements. MASHA at Flerov Laboratory of Nuclear
Reactions (FLNR) at Joint Institute of Nuclear Research (JINR), Dubna, Russia,
is a mass spectrometer that works in a large variety of masses upto 450 a.m.u.
and is used for the investigations of various physical properties of superheavy
elements. The Isotope Separator Online (ISOL) technique is used for the
separation of the products of the reactions, and they are detected by a multi-
channel Si detector based on the focal of the MASHA apparatus.
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The setup consists of an ion-optical layout, ECR ion source, hot catcher, target
box, detectors, and control system. The ion beam passes through the rotating
target with the energy of the order of a hundred MeV in total (about 5-7
MeV /nucleon), and then inside the hot catcher, the reaction products and the



unreacted beam is stopped. The target system represents a block of rotating
targets assembled into cassettes rotating at frequency of about 25 Hz, and the
rotating target is used to yield higher efficiency and heat distribution. The ion
beam collides with the target, and then the reaction products are stopped in a
catcher. The beam intensity is measured by the Faraday cup and the pick-up
detector that has been installed. The pick-up sensor is an electrically isolated disc
with a hole at the center, allowing the products to pass it and gather secondary
electrons emitted from the target. The reaction products, after being emitted from
the target, pass through the separating foil and stop in a graphite foil heats up to
1800-2000K. The nuclear reaction products diffuse in the form of atoms from the
graphite into the vacuum volume of the hot catcher. Moving along the vacuum
pipe, they reach the ECR ion source. Neutral atoms diffuse out from the poly-
graphene structure of the hot-catcher, and with the help of an electron cyclotron
resonance (ECR) ion source, it gets ionized to Q = +1 to the energy of 38 keV
by applying the ultra-high frequency of 2.45GHz. Even for the noble gases, the
ionization efficiency of 90% is obtained. In the system of a magneto-optical mass-
to-charge ratio analyzer, the actual mass separation takes place, which is
composed of four dipole magnets (D1, D2, D3a, D3b), three quadrupole lenses
(Q1, Q2, Q3), and two sextupole lenses (S1, S2). The next step is focusing the
ions of interest on the focal plane, and with the help of a multi-channel Si detector,
it gets detected. The front panel of the silicon detector has 192 strips with a pitch
of 1.25 mm covered by copper with an energy resolution of about 30 keV. The
multi-strip silicon structure is fixed on the surface of the glass-cloth laminate and
has an area of 240x35 mm?. All detectors have a thickness of about 300 um. They
are used to determine the energies of the c-emission and the spontaneous fission.
Furthermore, four additional detector panels have been installed on the top-
bottom and right-left sides of the front detector panel to increase the geometrical
efficiency of a-decay products. This allows the detection of 90% of the a-particles.

Methods

In the first step, we will plot the data obtained from the reactions of “*Ar + *Sm,
WAr + Er, and ©®Ca + #*2Pu at MASHA setup using OriginPro software and fit
the graph using peak analyzer tools to get the product isotope from its decay
energy and alpha branching ratio for the exact nucleus for each of the reaction
data.

The second task is to construct the heatmap for the three reactions profile
mentioned above and calibrate the y-axis with the E(alpha decay) = a*x+b
formula to get the alpha decay energy value for different isotopes.

Results
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Counts

Counts
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Heatmap of alpha decay energy of “°Ar + **Sm-
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(ii) “Ar + 'Er:
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Counts
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(iii) **Ca + 2*?Pu:
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Counts
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Heatmap of alpha decay energy of “*Ca + 2*Pu-
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Conclusion

The summarization of the above results is —

(i) 4OAI. + 14SSm N 180—185Hg

SL No. Peak Alpha Decay Energy Isotope Probability of
(keV) Identification specific isotope
(%)
1 130 Hg 6122.73 190Hg 99.87
5728.59 176pg 99.74
2 8'Hg 5990.53 8'Hg 87.00
3 182 g 5855.61 182 g 99.00
4 18Hg 7640.00 18Hg 91.00
5 B4 g 5531.76 184 g 99.44
6 185 g 5646.41 185 g 96.00
(ii) 40Ar + 166Er N 201—205Rn
SL No. Peak Alpha Decay Energy Isotope Probability of
(keV) Identification specific isotope
(%)
1 201Rn 6745.94 21Rn 100.00
6374.38 97Po 99.30
2 202Rn 6622.89 202Rn 99.99
6166.74 198Pg 99.99
3 205Rn 6547.58 205Rn 100.00
6066.71 199Po 100.00
4 204Rn 6395.34 204Rn -
5 205Rn 6260.79 205Rn 98.20
5904.78 205A ¢ 100.00
(iii) 4SCa + 242Pu N 212, 218-219Rn
SL No. Peak Alpha Decay Energy Isotope Probability of
(keV) Identification specific isotope
(%)
1 22Rn 6235.89 22Rn 99.95
2 215Rn 5285.84 0Po 100.00
6592.47 28R n 0.13
7111.55 Z18Rn 99.87




7356.48 5Po 100.00
7660.81 21Po 99.99
3 *“Rn 6604.68 #1Bj 83.77
6791.44 YRn 79.40
7358.07 5Po 100.00

Another observation that can be noted is that in the heatmap plot of “*Ca + **?Pu,
the matrix for ?**?"Rn does not exist. This can be explained by the significantly
less half-life of these isotopes, i.e., of the order of 0.5 ms, while the response time
of the solid ISOL method is about 1.8 s.
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