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Nuclides studied at WNSC 2017~

KEK Wako Nuclear Science Center

Facilities in RIKEN RIBF

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

KISS: multi-nucleon transfer reactions for n-rich nuclides
GARIS: fusion reactions for superheavy elements
BigRIPS-SLOWRI: in-flight fragmentations/fissions

( KEK Isotope Separator System )

 @
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Decay βγ: T1/2, level scheme..
Laser: radii, moments
Mass: binding & separation energies

MRTOF spectrum of A=112 isobar

Gas Catchers (Ar, He) & MRTOF Mass spectrographs

 by

MRTOF spectrum@KISS

ToF+βγ, Laser
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GARIS
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KISS
30 keV Pin Hole

Ion Traps

MRTOF

SAMURAI
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SHARAQ

SCRIT(Universal SLOW RI-beam facility)

New Facility

Existing Facility

RIBF Accelerator BuildingRIBF Accelerator Building

RIBF Experiment BuildingRIBF Experiment Building

fRCfRC
（（Fixed frequency ring cyclotronFixed frequency ring cyclotron））

SRCSRC
（（Superconducting ring cyclotronSuperconducting ring cyclotron））

IRCIRC
（（Intermediate ring cyclotronIntermediate ring cyclotron））

BigRIPSBigRIPS
(Projectile Fragment Separator)(Projectile Fragment Separator)

SLOWRI

RIPS

prototype SLOWRI

GARIS

KISS BigRIPS 
+SLOWRI

Parallel Measurements @ 3 facilities of RIKEN RIBF

Construction Proposal in PAC2017 
JSPS Special Promotion Fund 2017-21 
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SHE-Mass-II @E6 RIBF
GasCell+Trap+MRTOF all in one

Movable behind SHE exp.

Gas Cell

Ion Trap MRTOF

GARIS-II@E6

GARIS-II’
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ToF(250Md2+) = 5 652 584.8(2.1) ns

ToF − 5 652 584.8 (ns)

250Md++ measurement  
≈ 1 event /1000 s

Mass determined with δm/m = 6x10-7

P. Schury et al, PRC 95(2017)011305(R)

≈0.3 ppm precision
A=204

A=205

A=204

A=205

27 μs

27 μs

Y. Ito et al, PRL 120 (2018)0102501

Typical Mass Measurement Results @GARIS-II @RILAC
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225 laps
65Cu

65Zn

65Ga ( 6.8 kCnts )

65Ge
64ZnH

TOF = 6319028.062(77) ns

R = 1.000038095(38)

R = 1.00007063(20)
R = 1.00008911(21)

R = 1.00001123(12)

FWHM = 24.9(1) ns

65Cu(stable)

65Ga(RI)

S. Kimura et al, IJMS 430, 134-142 (2018)

δm/m = 3.5x10-8
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First SHN direct mass measurement:　257Db
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Decay energy 
signal
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α-particle detector
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α-ToF detector

Eα spectrum & 
Expected disturb.

Rare events (2 
ev/d), but 
accurately 
identify Db 
events, Tof 
vs.α-Decay 
correlation

ρ = 1.004645162(487)
m(257Db) = 257.10742(25) u
ME = 100.06(23) MeV/c2

Correlated events 
with Db & 

daughters(Lr, Md)

Po accidental

Schury et al. submitted,  
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@GARIS-II’



α

α

α

α

α

spontanous fission

α

α

α

α

α

α102No

104Rf
105Db

106Sg
107Bh

108Hs
109Mt
110Ds

111Rg
112Cn

113Nh
114Fl
115Mc

116Lv
117Ts
118Og

140

278

274

270

266

262

258

254

288

284

280

276

272

268

110

120

103Lr

100 100Fm
101Md

99Es
150 160 170

Cold Fusion SHN
(Pb, Bi + Stable Ion)

(actinide + 48Ca)
Hot Fusion SHNDirect Mass （Our Work）

Indirect Mass（Our Work）
Direct Mass（GSI）
Indirect Mass（GSI）

Discovered Nuclides

Pr
ot
on
（
At
om
ic
) N
um
be
r Z

neutron number N

252251250249

254

251

246

278

(Mass Number A)

253 254

257 258

261 262

266

α

α

α

α

α

α

α

New（GSI）

Mass Number（Berkeley）

Masses of Super Heavy Nuclides
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Place a first bridge to  
the Hot Fusion island

only 15 direct masses
for Z    100≧

N=162N=152

257

Flagship exp. @ GARIS:    hot-fusion  Nh, Mc isotopes

We were ready to run, but no Ca48 available in the market !!
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Ar gas

Gas cell system

• Target (198Pt) 
• MNT reaction 
• Gas cell (Ar gas, neutralization) 
• Laser resonance ionization 
      (Z selection)

Decay	Spectrometers

Extraction	chamber

• High	voltage	(~20	kV)

MNT		
products

laser@B2F

E3

E2

Y.H.	et	al.	NIMB353(2015)4	
																	NIMB376(2016)52

MNT	reaction:	136Xe	beam	+	198Pt	target	

KISS	(KEK	Isotope	Separation	System)

φ10 cm

3 cm

136Xe 198Pt

Ar gas 
50 kPa

136Xe beam

198Pt target

gas inlet

gas outlet : φ1mm

      stopping region
for reaction products

0 5 cm

Laminar flow

filament

Laser

n-rich nuclei via Multi-Nucleon Transfer
Ar gas cell - Resonant Ionization - Mass Sepa.
βγ・HFS ・Mass Spectroscopy

MRTOF-Mass Spectrograph



MRTOF main body

New feature of KISS: GCCB(Gas Cell Cooler Buncher) +MRTOF

30 keV 
RI beam  
from KISS

2 φ pin hale RF-carpet

A Novel interface from ISOL beam to Ion Trap

1. Charge Breeder (194Os+  → 194Os++) 
2. Molecular Destroyer (HfO+ → Hf++)

deceleration by 1 mbar He gas cell + extraction by RF-carpet 
(cf.  conventional system:  electrostatic deceleration + RFQ linear trap cooler)

1 mbar He

Successfully coupled to MRTOF & Laser Spectroscopy
 εtotal ≈ 10% (KISS to MTOF detector) @ 1st online
MTOF assisted Laser Spectroscopy

collab. with IBS



Resonant Laser Ionization Spectroscopy (KISS, PALIS…)

Y. Hirayama et al., PRC96(2017)014307

R. Ferrer et al., Nature Comm. 8 (2017) 14520

Detection by Decay is not always efficient
( e.g., long lived isotopes)



G.S.

Isomer.

[ns] [GHz]

Combination of Resonant Laser Spectroscopy and MRTOF-MS 
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A. Multiple Isotopes Isomers at once 
Very efficient at PALIS

B. Isomer - Ground state identification  
by Laser 

A.B.



A=196

A=194Pt

Pt Os Ir
Au

Os
Os (resonant)

Ir (non resonant)



BigRIPS-SLOWRI
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5 MRTOF @ BigRIPS of RIBF

OEDO
RF Carpet Gas Cell
（既存設備） MRTOF-MS

Bunching Trap

PALIS-MTOF

SLOWRI-MTOF

Utilize garbage 
ions at slits

Cocktail beam of 
BigRIPS

WNSC-HPSP

With pure RI, T1/2, Mass, 
Pn

KISS2-MTOF

Multi-nucleon transfer products 
with 

10 MeV/u RI-beam

RI beam

ZeroDegree-MTOF

@ Beam dump, 2nd 
3rd reaction 

products, with free

ZeroDegree

Start from here



I.C.

BRIKEN

1m shift

Gas Cell 
(3rd prototype 
SLOWRI)

mini-MTOF

TRAP MTOF

(degrader)

ZeroDegree F11

@Beam Dump of BigRIPS

retractable on rails

Beams from Upstream Exp.

Thermalize in He gas & extract  with RF carpets

ZD-MRTOF 
（Symbiotic experiment）

RF+AF

RF+DC DCDC

beam	from	BigRIPS

sectional view

Two	stage	RFcarpet:	“Gutter	Structure”

2nd RF carpet (RF+AF)



> 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)

SLOWRI+MRTOF commissioning under symbiotic exp. with HiCARI

commissioning MT is still running
Total efficiency >1% for Sb, Br 
Mass Resolving Power 500k-800k @≈10ms ToF 
Molecular garbage filter works fine 
(Very) stable operation for 1 month

134gSb+ and 134mSb+  
are separated!

A raw online ToF spectrum

MRP =
1
2

⋅
8.83ms
7.37ns

= 600k
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Decay spectroscopy
Laser spectroscopy
Mass spectrometry

Ca

Nuclides studied at WNSC 2017~

Summary

> 200 more masses were measured 
many physics publications will be published 
some great technical achievements 
many experimental plans are accepted 
 (Mc,Nh, Db, Sg, Ta-Os, ~Ni78,  
  N~126, N~Z, etc)

present goal:
“measure masses of all available nuclides at RIBF &

 discovery of new isotopes”
next step:
“Explorer the origin of uranium and discovery of new elements

at KISS-2”

Gas catcher + MRTOF will be a game changer!


