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Low-energy beams at RIKEN

• SLOWRI, RF Carpet Gas Cell
- Large He gas cell

- Chemical universality

• SLOWRI, Parasitic Gas Cell (PALIS)
- Small Ar gas cell

- Limited to laser ionizable elements

• SlowSHE
- Small He gas cell

- designed for SHE
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r-process nucleosynthesis 
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rp-process nucleosynthesis
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Li6 Li7

Be9

B10 B11

C12 C13 C14

N14 N15

O16 O17 O18

Halo Candidate
He4 Mass Unknown log(Yield)

log(T    )1/2

Y
T

Halo nuclei and Island of Inversion

Halo structure 
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20
Ne
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Ne

23
Na

24
Mg

25
Mg

26
Mg

27
Al

N=18 N=22

Island of Inversion

-6
-7
-8
-9
-10

100 pnA 238U
500 pnA 124,132Xe
500 pnA 78,86Kr



RIBF

5 months/y
2 weeks/y for SLOWRI ??

SLOWRI

Available Beam Time

5 mon./y for SLOWRI !!

SLOWRI
Mass
Laser
Trap
Decay
etc



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



Resonant	
  Ioniza,on	
  test	
  in	
  2011	
  at	
  RIKEN

	
  Scheme	
  referencing	
  
from	
  Yuri	
  Kudryavtsev

Scheme	
  referencing
from	
  Nagoya	
  Univ.	
  

+Indium	
  
	
  (2012)

T.	
  Sonoda
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Yields at F2 left side
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4-8, Dec. 2011, Aoi et al, (Sn135)

131In

Yields at F2 right side



RF-carpet 
Gas Cell

PALIS
Gas Cell

EQQ1~11: Electrostatic Quadrupole Quartet for matching

FODO lattice
by 67 Q singlets

SD1
SD2: merger

SD4: distributor

inclined by 1.35○

FODO lattice
by 16 Q singlets

SLOWRI
Exp.

SLOWRI Transport Lines



Experimental Possibilities

• Mass Measurements by MRTOF-MS
- Can also be used as isobar separator

- Rm~150,000 in <5 ms

- Isomerically pure beams? 

- Simultaneous mass and T1/2 if rate is low

• Decay spectroscopy with ultra-pure samples
- Half lives

- Level schemes 

- Delayed neutron multiplicity by radiochemical method



Ion preparation prior to MRTOF 

Gas catcher

RF carpet

Carbon OPIG

]

Quadrupole Mass 
Separator (QMS)

Ladder system
  Up: RFQ
  Down: CEM & IS

RFQup

RFQdown

Detector
 Online: SSD
 Offline: CEM

Tapered-RFQ 
pre-cooler

Preparation 
trap

RI beam

To MR-TOF
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Operational Concept

1. Cool ions in buffer gas filled trap
2. Open front end of MRTOF and eject from trap
3. Close front end

Ions will reflect between isochronous mirrors
Next batch of ions can accumulate and cool

4. Open back end
5. Measure TOF
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High-precision offline test

• What is the ultimate precision limit?

• Tested with 40Ca+/40K+

• Precision limit is δm/m≪10-7

Extremely fast, high-precision mass measurements with
multi-reflection time-of-flight mass spectrograph†

P. Schury,∗1,∗2 Y. Ito,∗1,∗2 S. Naimi,∗2 M. Wada,∗2 and H. Wollnik∗3

For offline testing of the MRTOF1), a thermal
ion source capable of proving alkali element ions has
been used to perform a doublet mass measurement of
40Ca+/40K+. The atomic masses of 40Ca and 40K dif-
fer by 1.311 MeV/c2. An example spectrum is shown
in Fig. 1 with 173 detected ions of 40Ca+ accumu-
lated over the course of 2 hours. The FWHM of
these ToF peaks was ∆t ≈8.2 ns – a mass resolving
power of Rm ≈140,000 achieved with a time-of-flight
of t ≈2.3 ms. An equivalent measurement by the pop-
ular method of Penning trap mass spectrometry would
require a magnetic field strength of more than 170 T.

Fig. 1. Time-of-Flight spectrum of 40Ca+ and 40K+

Furthermore, using this mass doublet, we were able
to verify that the MRTOF-MS is capable of an ex-
treme level of mass precision. Previous attempts to
determine the absolute precision limit of the device
using triplet measurements of 39,40,41K+ were stymied
by slight drifts in the voltages between measurements,
as the triplet could not be simultaneously measured
due to a limited mass bandwidth of the device. Since
this doublet is within the mass bandwidth of the de-
vice (roughly estimated as A/q divided by the number
of reflections) the two experience the same drift and
the affect of any such drift is cancelled out. To pre-
vent excessive peak broadening from drifts, individual
measurements were limited to 2 hours.

The mass of 40Ca+ can be determined from the times
of flight by

m(40Ca+) = m(40K+) · [t(40Ca+) + t0]2

[t(40K+) + t0]2
(1)

Generally, two species of reference ions are needed to
∗1 Institute of Physics, Tsukuba University
∗2 RIKEN
∗3 New Mexico State University

determine t0 – the delay between the TDC start signal
and actual ion ejection from the ion trap – in Eq. 1.
Realistically, t0 cannot be more than ≈100 ns. As
such, neglecting it would introduce a systematic error
of ∆m/m ≤ 8×10−10, making it negligible.

A set of 20 measurements of the 40Ca+/40K+ dou-
blet were taken over the course of two days. In each,
the peaks were fit by a Gaussian function to determine
the ToF centers. The mass of 40Ca+ was then calcu-
lated using Eq. 1 with t0 neglected. The resultant
deviations from literature values are shown in Fig. 2.
The weighted average deviation is ∆m=-0.2(2.3) keV.
From this we conclude that the fundamental accuracy
limit of the MRTOF-MS is ∆m/m $10−7.

Fig. 2. Deviations of the measured mass of 40Ca from the

literature value2). The red lines show the weighted av-

erage of the measurements.

The extremely fast nature of this measurement is
particular favorable in light of a planned campaign to
measure trans-uranium elements at the GARIS facil-
ity. Two of the desired first-round candidates are 256Rf
(T1/2=6.5 ms) and 261Bh (T1/2=12 ms). As the re-
quired MRTOF-MS measurement time scales with the
square-root of the mass, these extremely short-lived
nuclei would each require merely t ≈5.9 ms to achieve
a similar resolving power to Fig. 1. In the future we
hope to increase the resolving power while reducing the
required number of laps to achieve even faster results
with a wider mass bandwidth.
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Decay Spectroscopy

EURICA+Tape Transport Pure Low-Energy RI-beams←

Level Schemes

Perturbed Angular Correlations

Delayed Neutron

coincidence 

Magnet+ Isomeric states

radiochemical method 

ε: 10~28%, 
high granularity



radio chemically detects
daughter or grand daughters
pure RI-beam allows simple exp.

Neutron Multiplicity



Maximum Neutron Multiplicity



Summary

- SLOWRI will consist of two gas cells

- Parasitic gas cell will allow large amounts of machine time

- SLOWRI will be able to provide ultra-pure beams

- Good opportunities for T1/2, mass, β-n, ...
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primary beam:
U 100pnA
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Assuming present performance
Including T1/2 effect, Space Charge effect

The numbers in this chart means
Y=10^x perticle per second
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