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KEK Wako Nuclear Science Center

comprehensive precision spectroscopy of short-lived nuclides for the origin of elements

KI1SS: multi-nucleon transfer reactions for n-rich nuclides
GARIS: fusion reactions for superheavy elements
BigRIPS-SLOWRI: in-flight fragmentations/fissions
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Gas Catchers (Ar, He) & MRTOF Mass spectrographs

MRTOF spectrum of A=112 isobar

MRTOF spectrum@KISS
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© BigRIPS-SLOWRI

) Decay spectroscopy
L. Laser spectroscopy
() Mass spectrometry

Nuclides studied at WNSC 2017~




Parallel Measurements @ 3 facilities of RIKEN RIBF
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GARIS



GARIS-II’

GasCell+Trap+MRTOF all in one
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Typical Mass Measurement Results @GARIS-Il @RILAC
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o-ToF detector
Db3* ion

First SHN direct mass measurement: 257Db @GARIS-II’

ToF Spectrum of 257Db3+

Date

® Db o-correlated-ToF event ® Po accidental-ToF event uncorrelated-ToF event
2020/ T T E1 T Run#
R 2 e I —(aps) Rare events (2 %
#1 <
119 L %2 co eyv/d), but O-particle dét‘ecmr
| E4 r |
w0 o " faccu .ate Yy
A L 1 identify Db
1/22 - o E‘? 77'?.?7777777777777<-ViiiiiiiiiE,S 777777777777777777777777777 }234) events’ TOf %
E11 w  |vs.a-Decay signal
w23 e o ®e 827 . | _
£z R, . |correlation TOF signal
1/24 - |00ns E?4 (331)
i ' ' Pro'jection for 6 days |
£ 2 11 7Dpt events
o)
A
% 1 — - 245Eg249\/d 2531 257Db 1
o — Ea spectrum &
0 1 | - Expected disturb. 1
1.004635 1.004640 1.004645 1.004650 1.004655 ¥ i ¢ i
ToF ratio: p = ToF ./ ToF gspy+ 15
B4 E2 =
100/ @ : . 25Es| 3
F‘.’S ® Correlated events E
% o o with Db & “Md 5
P = 1004645162(487) w 10 - E3 daughters(Lr, Md) o
E E32 E1 g
= o 253 r|
257 — — E14 E6 >
m( Db) = 25710742(25) u I ppm = 1 e ® 257Db| §
O 9 (a]
ME = 100.06(23) MeV/c? ol 5130 g
Po accidental :-’.
L
1 I 1 I 1 I 1 I
7.0 8.0 9.0 10.0 11.0
Ea [MeV]

Schury et al. submitted, 7



Flagship exp. @ GARIS: hot-fusion Nh, Mc isotopes
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KISS (KEK Isotope Separation System)

Nn-rich nuclei via Multi-Nucleon Transfer

Ar gas cell - Resonant lonization - Mass Sepa. [

x!L

B r - HFS - Mass Spectroscopy

MNT reaction: 136Xe beam + 198Pt target
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New feature of KISS: GCCB(Gas Cell Cooler Buncher) +MRTOF

ﬂ?}‘ \u\ w

2 A Novel interface from ISOL beam to lon Trap i \
deceleration by | mbar He gas cell + extraction by RF-carpet —— ¥

(cf. conventional system: electrostatic deceleration + RFQ linear trap cooler)

1. Charge Breeder (1940s+ — 194Qs++)
2. Molecular Destroyer (HfO+ — Hf++)

© Successfully coupled to MRTOF & Laser Spectroscopy

€ total = 10% (KISS to MTOF detector) @ 1st online
MTOF assisted Laser Spectroscopy
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Resonant Laser lonization Spectroscopy (KISS, PALIS:--)

Y. Hirayama et al., PRC96(2017)014307
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FIG. 4. Measured hyperfine splittings for !95:195.199m.199g=mpy
nuclei extracted from KISS. Horizontal axis indicates the laser
detuning relative to the transition frequency vy = 1204992.36 GHz
(A) = 248.792 nm). The experimental gas pressure and laser power
for A, were 88 kPa and 70 wJ/pulse, respectively. (a) The analysis
of the single resonance peak of Pt nuclei provides the line shape
measured under the online experimental conditions. (b) In the HFS
spectrum of '*>Pt nuclei measured at the offline experiment, the lines

( e.g., long lived isotopes)

R. Ferrer et al., Nature Comm. 8 (2017) 14520
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a
N
M
AR
N
M
438.58 nm L
2 -
D
e Acl <
(| 1] v Y VI
b 300 - T - T T . T
—— Gas cell J { 215a¢
|| — Gas jet { T
i 1
o 290 |
Lg I 1 ) E ' I
= 9 i s
2 - I 1 Iy ‘| : . i
S s T‘ t-' ¥ |
o P H [
o 0 A v‘ é o
3 i °§ e B
- ;Kj & 3 3
e I 4 ' -
0 T . i 1 T T
-40 20 0 20 40

v —683,618.211 (GHz)




Combination of Resonant Laser Spectroscopy and MRTOF-MS

tof-laser

Laser Frequency

A. Multiple Isotopes Isomers at once
Very efficient at PALIS

B. Isomer - Ground state identification
by Laser

.":' s :\.",‘

500

450
k’ime of Flight (Ma

TOF laser

0
PRI R acaus L, % P TR R

450 500 550 600 650 * ‘700 \ 50
[ns] [GHZ]
Time of Flight (Mass) Laser Frequency

Isomer dominant G.)S. only



H. CHOl et al.

PHYSICAL REVIEW C 102, 034309 (2020)
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FIG. 2. (1) and (b) are the resonance spectra of the "™0s and
™1r, respectively. The horizontal axis indicates the laser detuning
relative to the transition frequency 1wy = 1210019.84 GHz (A, =
247.7583 nm). The red line in (a) is the best-fit result of simultancous
fitting analysis of the "*"*Ox resonance spectra. The implantation
rate of '™Ir is independent of the laser frequency, and, therefore, the
rate is fitted as a constant indicated by the red line.
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BigRIPS-SLOWRI
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ZD-MRTOF \ ‘ ‘
(Symbiotic experiment)
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SLOWRI+MRTOF commissioning under symbiotic exp. with HiCARI

@ > 70 more at BigRIPS were measured
@ 3 first masses (88As, 89As, 112Mo)
@ >10 greatly improved precision (86Ge, 90Se, 91Se, 59Cr, 56V, 57V, 58V, 59V 56Ti etc)

commissioning MT is still running
o Total efficiency >1% for Sb, Br
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Summary

@ > 200 more masses were measured P Schury et al, submitted to PRL «{¥)

@ many physics publications will be published Y.Ito to PRL 120, 102501 (2018)¥)

@ some great technical achievements P:Schury et al,in preparation ()

@ many experimental plans are accepted
(Mc,Nh, Db, Sg, Ta-Os, ~Ni78,

N~126, N~Z, etc)

Y.lto et al, in preparation) (%)

M. Rosenbusch et al, PRC 97,064306 (2018) (%)
P.Schury et al, PRC95(2017)01 | 305Rm
T. Niwase et al, submitting to PRC{Y)

present goal:
“measure masses of all available nuclides at RIBF & T St
discovery of new isotopes™ 32 . "o oonn pgll

Pb

next step: SegEseens atanabe et al, PLB 814, 136088(2021)
“Explorer the origin of uranium and discovery of new elements g ‘Hirayama et al, PRC96,014307(2017) L
at KISS-2” o o ooy Y.Hirayama et al, PRC98,014321(2018) L.
ARESEESESEREERE M.Mukai et al, PRC102,054307(2020) L
Gas catcher + MRTOF will be a game changer! e = Y.X.Watanabe et al, PRC101,041305R(2020)

H. Choi et al, PRC202,034309(2020) L.
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© @ GARIS-II
KISS

© BigRIPS-SLOWRI ' Decay spectroscopy

L. Laser spectroscopy
(V) Mass spectrometry
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