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Mass Measurements for Short-lived Nuclei
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Super Conducting 
Ring Cyclotron

Target

Projectile Fragment 
Separator : BigRIPS

RF Ion Guide
Gas Cell

RF-Carpet

High Energy RI-Beam

Heavy ion beam
400 MeV/u

>200 MeV/u

~1 eV

30 keV

Ion Trap

Laser Spectroscopy

Mass Measurement

ISOL
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low emittance (cooling)
0-30 KeV (trap & slow RI)

Universal Slow RI-beam 
Facility :  SLOWRI
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RI-Beam Factory

SLOWRI facility
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200 mmφ
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nozzle  0.7mmΦ
He 100Torr x 2m

～2MeV/u
(0~10MeV/u)
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EDC < 10 V / cm

M.Wada et al, NIM B204 (2003) 570.
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          Ion Barrier
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2r0 ≈ electrode distance
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F = − e2

4m
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(Ω2 +1/ τ v
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∇E rf

2 (r)

€ 

(E(r,t) = E rf (r)cos(Ωt),  τ v : relax time)

RF-Carpet

5 A.Takamine et al, R.S.I. 76(2005)103503

RF Carpet Ion Guide 

frequency is a key issue for low mass ions

~The heart of SLOWI~

0.28mm Interval
co-centric ring 

electrodes

0.7φ Nozzle
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cooling 
  109 eV to 10-6 eV in kinetic energy

10-15 -fold reduction of kinetic energy! 
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Laser Cooled 7Be+
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Laser Spectroscopy of unstable Be+ Ions @ Prototype SLOWRI 
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Projectile Fragmentation
from, e.g.,  350A MeV Xe136  0.5puA

N=Z

N=!3 Z

Xe 0.5 pu"A
(3*10^12 pps)
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a single ion beam
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Many nuclides are freely available at F1
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F2

Target

1) Stop & Neutralize in Ar (1 bar)
2) Extract by Gas Flow
3) Re-Ionize at Exit and SPIG
not universal, not very fast but

A/Z, Z, A separation

F1

PALIS
PArasitic slow RI-beam with gas catcher Laser Ion Source

T. Sonoda et al, AIP Conf. Proc. 1104(2009)132
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>0.01cps

Boxes: known mass nuclei
Audi et al NPA 729(2003)3

1 ppb

1 ppm
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N=50
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(A):BigRIPS

(B):SLOWRI
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Toward Islands of Stability

Masses of SHE Mass Formula, Q-values for production, etc 

Identification of non-α-decaying nuclei

by H. Koura



M. Block, Nature 08774 

500 ms Excitation time
MRP ≈560,000

“Precision” mass measurement of SHE



GARIS-II GARIS

Chemistry
room

Beam from RILAC

GARIS-­‐II	
  installa.on	
  completed

Commissioning	
  should	
  be	
  done!!	
  (2012)

by	
  K.	
  Morita

A Elem. T1/2 σ(b) Yield(/s) Yield(/day)
252-254 No 2.3s,1.6m,51s 2.00E-06 6.24E+00 5.39E+05
255-257 Rf 1.7s,6.4ms,4.7s 1.20E-08 3.74E-02 3.23E+03
261 Sg 0.23s 3.00E-09 9.36E-03 8.09E+02
261 Bh 12ms 8.00E-10 2.50E-03 2.16E+02
264-265 Hs 7.8ms,2ms 6.00E-11 1.87E-04 1.62E+01
266 Mt 6ms 9.00E-12 2.81E-05 2.43E+00
270-271 Ds 6ms,69ms 1.50E-11 4.68E-05 4.04E+00
272 Rg 3.8ms 3.00E-12 9.36E-06 8.09E-01
277 Cn 0.7ms 4.00E-13 1.25E-06 1.08E-01

Typical	
  Yields	
  of	
  SHE



SPIG

Q-mass

TRAP

Cryo-cooler

RF-carpet

MR-TOF Mass Spectrograph

 1 m

pump
pump

foil

Cryo-cooler

foil

SHE from GARIS

He gas cell

GARIS-MRTOF SHE 
Mass Spectrograph

100mbar

0.1 mbar

10-5 mbar

MCP

Ref. Ions
from ESI

≈10cm



1. stopping in100 mbar, 10 cm, He, 
0-5 MeV

2. Extraction by RF-carpet, 
0-5 ms

3. Transport by OPIG
<< 1ms

4. Cooling in Trap
2 ms

5. Mass Measurement in MRTOF
2~10 ms

in total, 5~20ms

100%

≈50%

≈100%

≈50%

≈100%

≈20%

process Efficiency



summary

• SLOWRI

  Universal Slow RI with Parasitic Capability will be build soon

• Mass Measurements with MRTOF at BigRIPS, GARIS, etc

• will be taken place


