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Multi-Reflection Time of Flight Mass Spectrographs

•

Originally proposed by H. Wollnik before 1990

•

Implementation required technological advances

•

Stable voltages

•

Fast switches

•

Computation improvements

•

Initially limited interest

•

ORNL

•

Giessen

•

ESA

•

RIKEN

•

Suddenly becoming popular

•

Nearly every facility now developing
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MRTOF-MS at RIBF

SlowSHE

LINAC

SLOWRI main gas cell
MRTOF #2 will be here

KISS gas cell
MRTOF #3 will be here

SHE Gas Cell
MRTOF #1 connected

3Friday, February 12, 16



Beam preparation

•

RIB created at high-energy

•

10 MeV ~ 200 MeV/A

•

Need to thermalize for ion trapping

•

Gas cells!
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Beam preparation

•
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Gas cells!

 

Fast RI Beam
From BigRIPS

30 keVRI beam

2 m

high voltage cage

cryogenic
gas cell
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Beam preparation

•

Ions are stopped in 

helium

•

Pushed to carpet

•

Extracted by 

traveling wave

RF: 0°
RF: 180°
RF: 0°
RF: 180°

+ wave: 0°
+ wave: 90°
+ wave: 180°
+ wave: 270°

ion

RF-carpet
ring electrodes

+VpFp

FRF

Exit nozzle

AF
AF
AF
AF

Exit orifice

ion

RF carpet
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+ wave: 90°
+ wave: 180°
+ wave: 270°

ion

RF-carpet
ring electrodes

+VpFp

FRF

Exit nozzle
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Beam preparation

•

Multi-directional flat trap converts continuous beam 

into beam pulses

•

Ejection provides start signal for TDC

•

Allows simplified referencing

•

Will allow simple beam splitting

ns pulse

ns pulse

μs pulse

Continuousion beam
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How the RIKEN MRTOF-MS works
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How the RIKEN MRTOF-MS works
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How the RIKEN MRTOF-MS works

1. Accumulate and cool Ions 

in trap

2. Lower voltage on injection 
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How the RIKEN MRTOF-MS works

1. Accumulate and cool Ions 

in trap

2. Lower voltage on injection 

mirror

3. Eject ions from trap
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How the RIKEN MRTOF-MS works

1. Accumulate and cool Ions 

in trap

2. Lower voltage on injection 

mirror

3. Eject ions from trap

4. Raise voltage on injection 

mirror
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How the RIKEN MRTOF-MS works

1. Accumulate and cool Ions 

in trap

2. Lower voltage on injection 

mirror

3. Eject ions from trap

4. Raise voltage on injection 

mirror

5. Wait for N reflections
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How the RIKEN MRTOF-MS works

1. Accumulate and cool Ions 

in trap

2. Lower voltage on injection 

mirror

3. Eject ions from trap

4. Raise voltage on injection 

mirror

5. Wait for N reflections

6. Lower voltage on ejection 

mirror
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How the RIKEN MRTOF-MS works

1. Accumulate and cool Ions 

in trap

2. Lower voltage on injection 

mirror

3. Eject ions from trap

4. Raise voltage on injection 

mirror

5. Wait for N reflections

6. Lower voltage on ejection 

mirror

7. Detect ions at MCP
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Performance limited by voltage stability
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electrodes. The result of the calculation indicates that the use of
the divider reduces how strictly the voltage needs to be stabilized
when compared with the individual electrode effects.

Using the values in Table 3 in combination with the simulated
ToF peak relative width of 1.03 ppm we can define the level of sta-
bilization required. To achieve a mass resolving power of
Rm = 100,000 would require all the voltages to be stable within
9 ppmrms. With stabilization on the level of 4 ppmrms, a resolving
power of 180,000 should be achievable.

4. Experimental performance

The actual effect of variations of the voltages, as well as thermal
changes, on the time of flight were investigated offline using ther-
mal ion sources. Ions from these sources could also be used to ver-
ify the mass accuracy of the MRTOF-MS.

While the aforementioned numerical optimizations presumed a
5 keV ion energy in the reflection chamber, the MRTOF-MS was in
practice operated at ion energies of !2 keV. The calculated optimal
voltages were scaled down and a nearby optimum was found, with
a time focus condition occurring at close to 900 laps, considerably
more than assumed in the numerical optimization.

4.1. Peak shape

The 12C+ spectrum shown in Fig. 9 was measured during an
online measurement of 8Li (T1=2 = 880 ms) [28]. The shape is very
similar to the calculated peak shape – a Gaussian-exponential
hybrid function. The time-of-flight, however, is considerably longer
than would be expected from Fig. 8. This is a combination of the
lower drift potential used (2 kV as opposed to 5 kV) and the longer
flight path (880 laps as opposed to 518 laps). Nonetheless, the mass
resolving power of Rm !169,000, achieved in 9.8 ms, is rather good.

A useful figure of merit would be to compare to the resolving
power that can be obtained by the MRTOF-MS with that which
could be obtained by a Penning trap using the same observation
time. The resolving power of a Penning trap can be given by [55]

Rm ¼
qB

2pm
tobs ð1Þ

where q=m is the ion’s charge-to-mass ratio, B is the magnetic field
strength and tobs is the observation time. From this, we can say that
the measurement shown in Fig. 9 was equivalent to a conventional
Penning trap with a 13.5 T magnetic field.

4.2. Sufficiency of the vacuum system

As previously discussed, the vacuum in the reflection chamber
is typically on the level of 10%10 mbar when the ion trap is evacu-
ated, but rises to &10%7 mbar when buffer gas is in the ion trap.

The vast majority of the gas in the reflection chamber under such
conditions is He from the ion trap. Under such conditions it is rea-
sonable to consider the effect of scattering interactions between
the ions and the residual background gas atoms. For sufficiently
small angle scattering events, the change in ion energy and angle
can be compensated by the mirrors so as not to produce any
noticeable effect in the time-of-flight spectrum. Intermediate angle
scattering events, however, will produce tails in the time-of-flight
spectrum. While, in the case of large angle scattering, ions will be
lost.

To demonstrate that the vacuum in the reflection chamber is
sufficient, we scanned the number of laps made by 39K+ ions and
recorded the average number of ions per cycle for each number
of laps. The result, shown in Fig. 10, indicates that the rate of loss
from ion-neutral scattering interactions is acceptably low, with a
decay constant of 2.4(8) ' 103 laps.

Fig. 10 has a few features that are worth discussing. Of primary
interest, we do not see the rapid initial losses previously reported
by Ishida et al. [20], Wolf et al. [56] and Dickel et al. [57], which we
interpret as being due to the low emittance of the ion cloud ejected
from the flat trap. However, we do see a periodic fluctuation in the
intensity. This periodic fluctuation is consistent with the effect of
4-fold symmetry of the optics [53] of the mirrors. We have
observed that this effect can be mitigated or exacerbated by

Table 3
Calculated variation in ToF caused by variation in bias potential. The entry for
‘‘mirror’’ refers to simulated variation of the high-side voltage in the resistive divider.

Electrode Dt
t =

DV
V

Electrode Dt
t =

DV
V

ejL %0.032 Drift %0.265
ej1C %0.163 in1C %0.216
ej1O 0.002 in1O <0.001
ej2 %0.076 in2 0.030
ej3 %0.052 in3 0.004
ej4 0.021
ej5 0.077
ej6 0.019
ej7 0.012

Mirror 0.035

Fig. 9. Measured ToF spectra for 12C+ at 880 laps with !2 keV operation. The shape
is very similar to the calculated peak shape.

Fig. 10. 39K+ ion count rate as a function of the number of laps made in the MRTOF-
MS. Pressure in the reflection chamber was & 5' 10%7 mbar, almost entirely He
from the ion trap. The red curve is an 8-point rolling average. The blue curve is an
exponential decay fitted to the data, yielding a decay constant of 2.4(8) ' 103 laps in
the MRTOF-MS.
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Performance limited by voltage stability
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Performance limited by voltage stability

•

HV output is stabilized to the same level as the DAC output

•

Needs to be tested at higher voltages

•

Need to build one stabilized PS for each electrode?

•

Better than resistive divider design?

REDACTED
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Analysis method

•

Typically, time of flight systems require two 

calibration references

•

 Two unknowns need to be determined

• t

•

We can measure t

0

, have long time-of-flight

•

Only need one nearby reference

= t0 +
p

m ·  · t2
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Analysis method

•

The peak shape is not Gaussian

•

Has exponential(ish) tail

•

Reproduced well be exponential-Gaussian hybrid

125 laps
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Analysis method

t = t0 +
I r

m

2E
dl

�mstat

m
=

s

4

�t

t
+

�tref
tref

�2

+

�mref

mref

2�

�msys = 2mref
t(t� tref)

t3ref
�t0

m

mref
=

✓
t� t0

tref � t0

◆2

Measured time-of-flight

t0 is a delay between TDC and ion start

The t0-term introduces 
systematic error

Standard statistical treatment
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Early offline results

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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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.
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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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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
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due to a limited mass bandwidth of the device. Since
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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.
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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
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(T1/2=6.5 ms) and 261Bh (T1/2=12 ms). As the re-
quired MRTOF-MS measurement time scales with the
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First online results

•

Performed at prototype SLOWRI Facility at RIPS

•

Gas cell was optimized for light ions

•

Stable references were limited
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First online results

•

Performed at prototype SLOWRI Facility at RIPS

•

Gas cell was optimized for light ions

•

Stable references were limited
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First online results with heavy ions

•

Fusion-evaporation

•

165

Ho(

40

Ar,4n)

201

At

•

169

Tm(

40

Ar, xn)

209-x

Fr

•

133

Cs

+

 used as reference

Fusion-Evaporation products from 

GARIS-II

Pulsed 

Drift Tube

Pulsed 

Drift Tube

MRTOF-MS

Detector

RF Carpet Gas Cell

Flat Trap

GARIS Room Floor

OPIG

Taper Trap

Taper Trap

Flat Trap

Cs reference ions
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First online results with heavy ions
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First online results with heavy ions
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Concomitant referencing

Radioactive Ions

Reference Ions

Resist. Trap A

Resist. Trap B

ToF

20 ms

Flat Trap

RI Accumulation

Ref. Accumulation

RI Ref

Cooling Cooling

Guarantees High Accuracy even with 
long term measurements

2~8 ms 2~8 ms

A

B

•RI and Ref. are injected into MRTOF cycle by cycle w/o loss of RI
•RI and Ref. drift equivalently (high accuracy)
•Track any drift by using TOF of Ref.

Ref. Accumulation

Patent in processREDACTED
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Concomitant referencing

•

Fr and At measurements used new 

concomitant referencing scheme

•

Is it reliable?

•

Tested using 

132

Ba and 

133

Cs

•

Reliable to <5x10

-7REDACTED
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Future Plans

•

GARIS-II

•

Push into SHE region

•

Change the paradigm of identification

•

SLOWRI

•

Study light r-process nuclei

•

KISS

•

Study heavier r-process nuclei
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Future at GARIS-II
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Future at GARIS-II

•

As we approach island of stability, half-lives can be 

days to years

•

Implantation-decay correlation becomes nearly 

impossible

•

But mass spectroscopy becomes more reasonable!

Fig. 1. Predicted islands of stability. The color depth indicates the lifetime and the
boxes indicate known nuclei.[1]

Fig. 2. Typical yields of super heavy nuclei at RIKEN GARIS[2]
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

stability may decay by spontaneous fission, β-decay, or by very long life-time
α-decay.

A combination of the RILAC and a gas filled recoil separator GARIS is the
most powerful super heavy element synthesizer in the world. We propose to
setup a multi-reflection time-of-flight mass spectrograph for direct mass mea-
surements of super heavy nuclei at GARIS facility. The proposed mass spec-
trograph will be used for mass measurements of many super heavy nuclei –
including relatively short-lived ones – as well as for precision spectroscopy of
such rare isotopes.

The proposed setup will have an overall efficiency of more than 20% and the
achievable mass accuracy should be sufficient to distinguish heavy nuclei from
any possible chemical compounds.

The super heavy element laboratory lead by Morita has measured the yields
of many super heavy nuclei. Some typical yields are listed in Fig. 2. The
candidate nuclei for direct mass measurements would be: 252,254No, 255−257Rf,
261Sg, 261Bh, 264Hs.
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Future at GARIS-II

•

Add half-size MRTOF

•
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source

•
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important parameters in estimating the necessary reaction kine-
matics for the creation of super-heavy elements via fusion reactions.

One method for measuring such very short-lived nuclei is time-
of-flight mass spectrometry of high-energy ions (‘‘energetic ToF-
MS’’). The first such system was TOFI [12], an energy isochronous
ToF-MS, followed by SPEG [13] at GANIL in which an independent
momentum analysis is performed for ions passing through the
ToF-MS. Such systems make use of fast ions with flight times
typically on the order of 10 ls. As such, they are susceptible to con-
tamination by microsecond isomers and limited in relative mass
precision to dm=m > 10!6.

Using a storage ring, such as the ESR at GSI [14,15], in an isoch-
ronous mode (IMS) [16] allows one to increase the ToF to avoid
such short-lived contaminants and extend the achieved mass pre-
cision to dm=m " 10!6. By electron cooling the ions, so-called Scho-
ttky mass spectrometry (SMS) can increase the achievable mass
precision by an order of magnitude [17] using frequency measure-
ments from Schottky pickups. Doing so, however, requires long
measurement times, as the cooling time is typically on the order
of seconds, thereby precluding measurements of short-lived nuclei.

In recent years, a new type of ToF-MS, the so-called
Multi-Reflection Time-of-Flight Mass Spectrograph (MRTOF-MS)
[18,21,19,20], has been pioneered. It is based on an electrostatic
ion trap, wherein low-energy ions (with kinetic energy <5 keV/q)
reflect between a pair of energy isochronous, grid-free, electrostatic
mirrors to produce an extremely long flight path. Such devices have
been used to store ions [26,27], as isobar separators [25,23,22] as
well as for mass measurements [28,29]. They are capable of achiev-
ing mass resolving powers of Rm ¼ 1

2t DtFWHM > 100;000 [23,24,22]
with flight times of at least a few milliseconds, thus avoiding the
problem of microsecond isomers while enhancing the achievable
resolution with measurement times far shorter than that of conven-
tional PTMS. As such, they represent an excellent compromise
between energetic ToF-MS and PTMS.

RIKEN, Japan’s premiere research facility, provides multiple
sources of radioactive ion beams (RIB). The Radioactive Ion Beam
Factory (RIBF) provides the highest intensity Uranium beam and
largest acceptance in-flight separator, BigRIPS [30]. Using in-flight
fission and fragmentation, the facility is capable of providing nuclei
along or near the r-process pathway. Yields exceeding several
hundred per hour are expected for many of these nuclei [31]. A
high-intensity linear accelerator and gas-filled recoil separator,
GARIS-II, capable of delivering high yields of super-heavy elements
(SHE) via heavy-ion fusion is also available at RIKEN [32]. Addition-
ally, Tokyo University operates a small accelerator at RIKEN [33] to
produce light nuclei of astrophysical interest.

These facilities produce ions at high energy. In order to use
them with the MRTOF-MS requires the use of gas cells [35] to ther-
malize the ions and create low-energy ions beams which are ame-
nable to ion trap techniques. The combination of the gas-cell
technique and the MRTOF-MS system offers the unique possibility
to precisely study the mass landscape in the region of the r-process
and SHE nuclei.

One recently developed MRTOF-MS is dedicated for SLOWRI
[34] at RIKEN. It is intended for high-precision mass measurements
ðdm=m P 5% 10!8Þ of nuclei with half-lives down to '10 ms. A
twin copy will be used with GARIS-II for similarly precise mass
measurements of trans-actinide nuclei.

2. Apparatus

The components of the RIKEN MRTOF-MS are mounted on a
frame with caster-style wheels and adjustable height to allow for
transport of the MRTOF-MS with minimal concern for realignment
of the ion-optical components, in principle allowing the device to

be easily transported between the radioactive ion (RI) beam facil-
ities at RIKEN. The primary components, shown in Fig. 1, include
a set of three small buffer gas filled RF-multipole ion traps – two
taper traps composed of four tapered rods and a flat trap built from
printed circuit boards – and the MRTOF-MS ion reflection chamber.
The apparatus was commissioned with radioactive isotopes
provided by the prototype SLOWRI gas cell at RIKEN/RIPS [35].

2.1. Principles of operation

The MRTOF-MS requires low-energy ion beams amenable to ion
trapping. Since the ions we are interested to measure are delivered
at high-energies, typically P100A MeV for beams at RIBF and '5A
MeV for SHE at GARIS-II, gas cells will be used to decelerate and
thermalize the ions.

In the case of energetic ions at RIBF, passing through a thick
degrader, typically glass or polycarbonate plastic, reduces the
kinetic energy of the ions to <5A MeV. The energy is further
degraded by passing through a thin Titanium window which pro-
vides separation of vacuum and high-pressure (>10 mbar) Helium
environs. In the case of ions produced via fusion reactions at
GARIS-II, the lower energies obviate the need for a degrader while
necessitating a thin mylar window.

In each case, after passing through the window, the ions
undergo collisions with the Helium gas, eventually coming to rest
in the gas. Electric fields guide the stopped ions to an extraction
orifice. A multipole radio-frequency ion guide system is used to
efficiently transport extracted ions through a differential pumping
system after extraction from the gas cell. Typical extraction times
can be on the order of 10 ms or less.

Ions are delivered from the gas cell as a continuous ion beam
and quickly ((1 ms) transported to a pair of buffer gas filled RF
ion traps. Ions first accumulate in the taper trap before being effi-
ciently transferred to the flat trap, wherein they are further cooled
before being ejected orthogonally [36] as a sharp ion pulse with

Fig. 1. Schematic overview of the portable MRTOF-MS. The mirror rings are labelled
‘‘in1’’ through ‘‘in7’’ and ‘‘ej1’’ through ‘‘ej7’’, referring to injection and ejection side,
respectively, with the outermost rings designated as number 1. The multi-trap
system allows for easy use of an ion source for both offline testing and provision of
reference ions for online mass measurements.

40 P. Schury et al. / Nuclear Instruments and Methods in Physics Research B 335 (2014) 39–53
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Future at GARIS-II

• Let’s modify a 
commercial ToF 
detector!

• MagneToF uses 
secondary electrons

• Replace emission 
surface with Si 
detector!

• After ToF signal, we 
can wait for α- or β-
decay signal

• Mass and half-life 
simultaneously?

• α-energy gates can 
resolve isomers

For very low yield (<1/hr?) we need to be certain we are not 
seeing spurious events -- e.g. noise or cosmic rays

www.sge.com/root/pdfs_local/technical_articles/TA-0129-A.pdf
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Future at GARIS-II

•

Allow gating on α energy

•

Will be able to exclude 

stable molecules

•

Will be able to separate 

low-lying isomers
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MRTOF-MS at SLOWRI

•

Parasitic testing using PALIS

•

Wideband operation with main gas cell

Parasitic LIS Gas Cell
Z: ≈70%
Text: 0.1~1 s
effi: ≈1%

Main RF Gas Cell
Z: ≈100%
Text: ≈10 ms
effi: ≈10%
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MRTOF-MS at SLOWRI
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known 
mass

Mass measurements at SLOWRI using MRTOF

132Sn

82(39 parasitic) New Masses in this region

100 pnA 238U
500 pnA 124,132Xe
500 pnA 78,86Kr
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MRTOF-MS at SLOWRI

By accepting a wide-range cocktail beam, masses of  many species of  ions 
can be simultaneously measured.  

In principle, the entire region from 78Ni to 132Sn could be analyzed with 6 
tunes of  BigRIPS.  

                   Cr
27.5 ms

65
                   Cr
23.8 ms

66

             Mn
64.2 ms

66
             Mn
46.7 ms

67
             Mn
28.4 ms

68
             Mn
16.0 ms

69

                Fe
351 ms

66
                Fe
394 ms

67
                Fe
188 ms

68
                Fe
110 ms

69
                Fe
   77 ms

70
                Fe
   28 ms

71
                Fe
   10 ms

72

                Co
329 ms
496 ms

67
                Co
200 ms
 1.6 s

68
                Co
227 ms

69
                Co
   113 ms
   500 ms

70
                Co
   80 ms

71
                Co
59.9 ms

72
                Co
   41 ms

73
                Co
   30 ms

74

                Ni
      68 s

68
                Ni
   11.5 s
     3.5 s

69
                Ni
     6.0 s

70
                Ni
   2.56 s
     2.3 s

71
                Ni
   1.57 s

72
                Ni
840 ms

73
                Ni
680 ms

74
                Ni
341 ms

75

                Cu
638 ms
1.27 s

76
                Cu
  2.85 m

69
                Cu
    44.5 s
       33 s

70
                Cu
   19.4 s

71
                Cu
   6.63 s

72
                Cu
      4.2 s

73
                Cu
   1.63 s

74
                Cu
   1.22 s

75

                Zn
      5.7 s

76
                Zn
   46.5 h

72
                Zn
    23.5 s
  13.0 ms

73
                Zn
   95.6 s

74
                Zn
   10.2 s
         5 s

75
                Zn
   2.08 s
   1.05 s

77

                Ga
    32.6 s

76
                Ga
    126 s

75
                Ga
   13.2 s

77
                Ga
   5.09 s

78
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Future at KISS

•

KEK Isotope Separator System

•

Use MNT to produce RI for 3

rd

 peak of r-process

•

Need T1/2 and mass

•

Neutralize in Ar and laser ionize
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Future at KISS

KUTY%:%H.%Koura,%T.Tachibana,%M.%Yamada,%h6p://

wwwndc.jaea.go.jp/CN14/index.html%

Os 

Re 

W 

Ta 

Hf 

Lu 

Yb 

Ir 

Pt 

Au 

120$ 121$ 122$ 123$ 124$ 125$ 126$

1$s$

1$h$

198Pt 

1$s$

1$h$

127$
��	�

�����T1/2 

������� 

�������� 

�������� (Stage II) 

�������� 

136Xe%:%I=20pnA�

136Xe%:%I=250pnA�

238U%:%I=500pnA�

201Re 

202Os 

203Ir 

�
�
�
�

200W 
199Ta 

1.%���
%Pt,%%�Ir,%Os%����(NPRPAC2015)%
2.%���
�Os,%Re,%W,%%Ta%����(NPRPAC2017)%
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•

Using MRTOF we can measure masses and T

1/2

?
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MRTOF-MS will cover the entire range at RIBF
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SlowSHE
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