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Research on Superheavy Nuclei @JAEA-Tandem
via an MRTOF Mass Spectrograph

Yuta Ito (JAEA)
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Island of Stabmty of Superheavy Nuclei
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= Questions
o really exist?
o where and how stable?
o how to synthesize?

o how to identify? via high-precision mass spectrosco
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= To answer
o understand nuclear structure (shell effect) of SHE
o inspect and establish reliable mass models
o new identification technique
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Shell Effect in Superheavy Region

s Deformed shell closures
o @Z~100, N~ 152
o @Z~108, N~ 162

M. Block et al., Nature 463, 785 (2010)
E.M. Ramirez et al., Science 337, 1207 (2012)
Y.I. et al., PRL 120, 152501 (2018)
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Atomic Mass and Required Precision

Electrons

# #» '#» Protons

1 »e» by Neutrons
| — Gt

M(Z,N) = mpZ +muN +meZ —|B.E.

Binding energies (B.E.) reflect all forces acting in the atom(nucleus)

om/m
Chemistry: Identification of molecules 107> — 107°
Nuclear structure: shell, pairing 109
Astrophysics : r-process, rp-process 1076 — 107"
Nuclear fine structure: deformation, halo 10~7 — 1078
Nuclear mass model 109

e.g. 4=100= 100 GeV/c2, om/m = 106 @om = 100 keV/c2
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Multi-Reflection Time-Of-Flight Mass Spectrograph

Preparation tra MCP/
b b ~ MagneTOF
— _HW,

-

Switching mirrors
H. Wollnik and M. Przewloka, IIMS 96 (1990) 267

m ot
t =L/ — —— = (): energy isochronous
2K 0K
t :timeof flight [, :flight length
™ : mass K : kinetic energy

2
( t ) 2
m = Myef = P Miref
tref

Y. L. et al,, PRC 88 (2013) 011306

(1) Cool ions in He buffer-gas filled ion trap

(2) Open front end of MRTOF and eject from trap
(3) Close front end

(4) lons will reflect between isochronous mirrors

(5) Open back end at time-focus lap and detect at MCP
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Multi-Reflection Time-Of-Flight Mass Spectrograph
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Switching mirrors 2

H. Wollnik and M. Przewloka, IJMS 96 (1990) 267 L ¢ 2
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Y. L. et al,, PRC 88 (2013) 011306
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ts with MRTOF@RIKEN

4 4 n=145 laps
» | TOF(2Md?+) = 5652584.8(2.1) ns
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Y.I. et al., PRL 120, 152501 (2018)

ToF - 11 102 383 ns P. Schury et al., PRC 95 (2017) 011305
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MRTOF Facilities Worldwide

As of 2013 (first year online results published)
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MRTOF@JAEA-ISOL/Tandem Accelerator

T

lon source
. (30 kV)

_|l|l|"‘
| --——/- mia
Beam from E R1

Tandem
—_ R2

Decay statlon

I \l‘ _ y ‘4




Jan 15, Tandem-WS 2020: Yutalto 9/13

MRTOF Setup

: lon detector

= Mass resolving power: >200,000
m System efficiency: ~30% (estimate)
= Measurement time: <10 ms

Diff. pumpin

¥¥ Gas-cell cooler-buncher a v . -
(GCCB): He ~1 mbar ‘1 el
Y.I. et al., JPS Conf. Proc. 6 (2015) 030112
30 keV ion beam
from ISOL
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Experimental Plans with _|ght Primary Beam@ISOL

Bh ool PO e Experimental condition
Sq i %_ Cross section >10 nb
Db : e e : 1 mg/cm2 for 244Pu&248Cm
Rz SO Target thickness 10 pg/om? for 254Es
. Primary beam intensity| 0.5 puA for 180&22Ne

............... - 9), 3 Overall efficiency 1%
S o 2 o Half-life ~1s
54 :-:-:'-::-:- N =162 Count rate @ MRTOF >1 count per day
: Target nuclei
O "
2 (O: New mass
0 - ©) : New mass&isotope
Mass uncertainty (keV)
0 100 200 300
N =152 ] | SEEEER

(checkered: experimentally unknown)

= 14 new masses with 9 new isotopes
» Mass precision: <100 keV with 1-2 weeks BT

= No (Z=102) and Lr (Z=103) approach N ~ 162
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Future Perspectlve
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MRTOF
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olication for Fission Study
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m Independent fission yield map: how strong shell effect of 1325n in fission process?
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Summary

= Systematic mass information around deformed shell closures N =152 and 162 is
indispensable for exploring “Island of Stability”

= MRTOF offers fast, efficient, and wide-band high-precision mass spectroscopy

= At JAEA-ISOL, new MRTOF will be functional in FY2020, planning mass measurements and
new isotope searches for neutron-rich actinides along N ~ 162

= MNT reaction with heavy nuclei such as 238U + 254Es/246Cm will open a new frontier toward
"Island of Stability"

= Application for fission study coupled with MRTOF will reveal a detail fission mechanism for
unique symmetric fission

¥ IGOTOPE.,

e O ;
"h y

= 2 - v S - B .

_, proton number

Th

/ £ Pu
4
v P

~ AL, v

Pb. “.peninsula
continent Y. Oganessian
126 142 1486 162

neutron number 184



