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Introduction

* Flerov Laboratory of Nuclear Reactions (FLNR)
Flerov Laboratory of Nuclear Reactions is one of the world’s
leading research centers in the field of nuclear physics.

The main activity of the lab is research in heavy-ion physics
focuses on three major areas:

L Synthesis and properties of nuclei at the limits of stability.

O Accelerator complex of ion beams of stable and radioactive
nuclides (DRIBs-III).

 Radiation effects and physical bases of nanotechnology, « Dr. V. Vedeneev - Research

radioanalytical and radioisotope investigations at the FLNR Scientist at JINR, Dubna, Russia.

accelerators. (Project supervisor)
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Introduction

Methods of synthesis of new nuclei :-

* Fusion:
+ any element (question of probability)
- lack of neutrons

* Fragmentation:
+ very efficient and universal
- products are lighter than 238U

* Fission:
+ neutron-rich products
- products are much lighter than 238U

* Multinucleon transfer (MNT):
+ a way to unknown regions
- Variety of outputs
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Introduction

Multinucleon transfer (MNT): :-

This kind of reactions happens between heavy ions with some aiming parameter at
energies around the Coulomb barrier and are characterized by the exchange of many
nucleons between the target and the projectile.

They have been extensively used in the last decades to populate moderately neutron-
rich mid-mass nuclei with cross sections large enough to study their structure.
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Aim of the Project

* The project has been denoted to the analysis evaporation residues collected from reactions
of complete fusion and multi-nucleon transfer reactions of
_40 0,y L44e 186—ang g,

“40Ar 4 19CEr - 2207 By 4 xn
MNT
-*8Ca + 2*?Pu — **°7"Rn + xn

* The products of these reactions were separated by using the methodic of Isotope
Separation OnLine (ISOL), and they have been detected by multi-channel Si detector based
in the main focal plane of the MASHA installation.
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Facility Description - MASHA

The MASHA setup stands for Mass Analyzer of Super Heavy Atoms. The apparatus has a

resolving power of about 1700 by mass and uses the so-called ISOL (Isotope Separation On-
Line) method to separate the reaction products.
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Facility Description - MASHA

3

1 — Target box with hot catcher;
2 —lon source;

3 — Mass separator;

4 — DAQ in the focal plane.

The proposed 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 (A = 1-450 u).
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ECR
ion source

Project Design
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Project Design

lon source + Hot catcher

Nuclear reaction products escape from the target, pass through the separating foil, and are stopped in the
graphite absorber. 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, where are ionized to

charge state Q = +1 and accelerated with the aid of the three-electrode system.
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Project Design
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Focal plane silicon multi strip detector
Silicon detector well-type: Front: 3 crystals 64 strips each. Pitch 1.25 mm;

Side: 4 crystals each side 16 strips. Pitch 5 mm; Latter: 1 crystal like side ones.
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Results

* The collision between *°Ar (projectile) and a target of 143gm occurs within the MASHA

SyStem
40Ar + 1488m — 188-Xan+Xn

OAr +14Sm — 189Hg+8n (2.58 S)
OAr + 148Sm — 181Hg+7n  (3.54 S)
OAr +148Sm — 182Hg+6n  (10.84 S)
OAr +148Sm — 183Hg+5n (9.4 S)

OAr + 148Sm — ¥4Hg+4n  (30.9 S)
OAr +148Sm — 185Hg+3n (49.15)
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Results

Energy calibration curve of 8Hg isotope i
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Results
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Results

The mass-energy spectra (heat map) of the mercury isotopes (Hg 180-
185) by Origin.
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Results

* The collision between *°Ar (projectile) and a target of 166E 1 occurs within the MASHA

system
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Results

Rn 202 Value —TStandard Err]
700 lu.:.»lli,)..-(('n yO 1.2583 o
2000 nstan
B (&1 710t 033413
E (keV)=6689.5 (89.91%) Peakl(Gaus A 81 oo 5 i
4800 < S9.¢ 9.¢ 600 sian " E(keV)=6549(80%
T ] [ e — TR |
1 soo Equation 2 PR, 5:({27,(!”;;)«- (P1/2))) e~ sfan) i
mesuces 951041088 w
1400 Ao o omoz == s s 500 PoakiGaus | A
= er7omors  1eersr 0 erozrre erenios .
1 X a0eomsos o156 sebes v Soirira  simeses Peak4(Gaus | A
2 oL, e eedm € e it aoo| |Ses A
‘S‘ 1000 g esesosse  to0ssrer | o S3ce00 a7e8e ‘g
8 PO 198 CS 300 | Po19oo
800 =8 5 V) — (129
E(keV) = 6182(56.943%) E(keV)=5952(12%) g (keV)=6499.3(64.02%)
600 200 Po199
E(keV)=6059(39%)
400
100
200
() o -
5600 5800 6000 6200 6400 6600 5800 5900 6000 6100 6200 6300 6400 6500 6600 6700
Ener keV
gy ( ) Energy (keV)
Value Standard Emror
e ——— oors3s o
as o
ol e A s
. = 36 Porimmenr & *as.00478 ez
200 E (keV)=6481.9 (0.74%) —— . = sete.07204 °
- 0.60743 =
35 xc s766.30484 18.30516
460 Value Standard Error Pomaiaeenn) o bl i
Baseline(Const y0 0.00708 0.03002 30 | |omsommien | e S1e4e sas.dores E(keV)=6262(22.586%)
Peak1(Gaussia xc 6395,3450 0.,1528 & 608 FIGRE 134 30687
A 9027.674 62,85088 25 e
120 0 w 4481348 0,35996 - AT 205
‘g‘ _ xc 5848,0625 2,08316 g Lo E(keV)=5902(10%)
3 :)95"2‘(55“55'3 A 882,36944 69,18073 =
~ w 54,26619 4,90793 < Po201
80 15 o2
E(keV)=5786(%
10
a0 Po 200 :f‘l‘-’"\«: .
E (keV)=8591.9 (11.1%) 5 “(keV)=5693(14
1
o o o _!-HII e e
5800 6000 6200 6400 5600 5800 6000 6200 6400
Energy (keV) Energy (keV)

Energy calibration curve of 2%2Rn, 293Rn, 20Rn and 2°°Rn Isotopes

26/6/2023 FLNR - FLEROV LABORATORY OF NUCLEAR REACTIONS




6773(77.6%)
(90%)

/

: 7027
= = z Rn Rn i 0
‘; = =t 6725 keV  6639.5 keV (‘”jl; Ly 8 keV
_ T Po 7.18 108 )---‘f--‘ €V o4
: g 6659 5554 kev e
’ 2 25.8S .‘
¥ - W
& _d —~ 6291 d
g g 2 4
- ES
»fl‘ \;) 198 -
:E bo . P() 199 205
B sq-) 5923 iﬁlsg kev . P() = JRn
g 8858 " q:) -'I 177 m 6059 keV 6262 keV
~ = - 4.17m 170 S
/ e, 5555 . -:
<
5187,
The mass-energy spectra (heat map) of the radon
isotopes (Rn 201-205) by Origin. 481
o o o o o
o0 o N E e

26/6/2023

Strip Number.

FLNR - FLEROV LABORATORY OF NUCLEAR REACTIONS

0,000

100,0

200,0

300,0

400,0

500,0

600,0

= 700,0

800,0



Results
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Results

Baseline(Constant) ™ fd SLe0s ¥ You 0,5608 St E":,’nnu
Pask iGisasa) : ::m thuz n2is 500 Poak1(Gaussian) A 590508068 191,187
8 . e 76596834 0.12611 : ;;‘;:: z:m Po215
o 2AGuuenen) : *f ::x ;::: Peak2(Gaussian) A 82346932 20,09601 E(keV)="7 9
D — R AR (keV)=7386.1(99%)
PaskGouson) : ma; :ﬁ “,‘mf: Peakd(Gaussian) A 193491913 20,3437 E( keV 6819.1 (794‘%)
7 * 7356548 "~ osets 400 = 735‘ :o':: :':::
Posk{Gausainc : z:gx g:::: E(ke\ ):7 129. 2(99 8%) Poaké(Gaussian) A 23442035 17,1952
xe es0.04747 0,0678 A i L |
6 Peak5(Gaussian) A 2934797 101618 = < 84126741 : |
N i 40ors2 0.15084 Hlp 214 [l i Li:;ja:s:s;i 4‘425;13:; E(ke‘f):655‘2( 1 Q.g%)
5 T El(keV =786.82(99.98 300 | [T T e ian
y; 218 | |
= . E(keV)=6693(89,1%) | +§ Bi211
3 ; E(keV)=6625(83.77%)
3 | G 200 |
3 | g
E(keV)=6311(.054%
1
0 ] 0 \
40

550 600 650 700 750
Energy(MeV) * 10
Energy (keV) * 10

Energy calibration curve of 28Rn and 2°®Rn Isotopes

26/6/2023 FLNR - FLEROV LABORATORY OF NUCLEAR REACTIONS




esults

Alph Energy(keV)

26/6/2023

802

215
Po

7044

6069

5093

212
Rn

6264 keV
23,9 min

386 keV

. 6819 keV
0
211
Bis 3.96s
6623 keV
83,77%
I-
I g J 1 ] .l .'
] ]

0

0

100
120

(keV)=7386.1(99%)

215

|
r.

6552(12.9%) |

¢
6819, ’“"X

Rn 2 1‘:}
E(kc\jﬁ
E(ke J:)

E(keV)=6623(83.77%)|

Bien

6311(.05

E(keV)

A
Y

bt~
550

500
400
300

uno))

100

750

700

650

Energy (keV) * 10
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Conclusion

The literature overview of new neutron-rich isotopes near N=126 shell closure and the
literature overview about the MASHA mass spectrometer has been performed.

— — 212,218,219
f 180 185Hg, 201 205Rn and

The data analysis o Rn was made using a-decay

spectrometry.
Origin Software was used to find and fit the peaks and drawing the heat maps
The results of the data analysis was shown. The calibrations of 2D-spectra were

performed. They have been compared to the values provided by the Nuclear Chart, and

no deviations were found.
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