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Physics Motivation
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質量直接測定可能核

半減期測定可能核

MRTOF@SLOWRI

STOPPER@BigRIPS

known masses & uncertainty

known life-time

to be measured the masses with MRTOF@SLOWRI

to be measured the life-times with STOPPER@BigRIPS

r-process 
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Requirements
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◆ Low production yield

◇ High efficiency

◆ Short-lived

◇ Fast measurement

◆ Heavy

◇ Small mass dependence of mass resolving power

    (MRTOF vs. PTMS)
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Experimental Motivation
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◆ Whole system check with unstable nuclei online

◆ Efficiency check

◇ 8Li: T1/2 = 840 ms, 8Li(β-)8Be(2α)

◇ Easy evaluation

◆ Systematic error evaluation

◆ Accuracy and precision of MRTOF-MS

　 ◇ Calibration by non-isobaric references



/ 22Yuta ITO: Online Commissioning of MR-TOF mass spectrograph at RIKEN 6
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PTMS vs. MRTOF-MS
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Isochronous!
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While in the case of the Farvitron the ions were created inside
the trap they are nowadays in general produced in dedicated
sources outside of the MR-ToF MS. Thus, they have to be injected
into the device by sending them through one of the ion mirrors
(the entrance mirror). Similarly, in most cases, the ions are finally
ejected through a mirror (exit mirror) for detection or additional
investigation. Entrance and exit mirrors may be identical, but in any
case, during both injection and ejection, the total ion energy has to
be higher than the maximum potential energy in the entrance/exit
mirror in order to allow the ion passage. However, this is in
contradiction to the trapping criterion, Eq. (1),  i.e., different volt-
age settings are required for the storage and injection/extraction
periods of an experimental sequence.

Injection and ejection of ions from MR-ToF MS has been
achieved by switching the electric potentials of the entrance and
exit mirrors, respectively, to appropriate lower values while the
ions are passing. In the following, an alternative method is pre-
sented that simplifies the ion transfer to and from the MR-ToF
MS considerably: instead of lowering a sufficient number of mir-
ror electrodes, a single capture pulse is applied to just one drift
tube between the ion mirrors. In addition, by varying the height of
this voltage pulse applied to the in-trap drift tube, the ions’ time
focus can be adjusted with respect to the distance from the trapping
region. Thus, by use of appropriate settings the resolving power for
mass spectrometry or for the separation of particular ions of inter-
est from contaminant species can be maximized. Furthermore, by
use of the new in-trap potential-lift technique the trapping energy
inside the MR-ToF device becomes independent of the transfer
energy in the up-/downstream beamline. This decoupling of the
MR-ToF MS from the beamline has several advantages, in partic-
ular with respect to their individual optimizations. Moreover, it is
not necessary that injection and ejection pulses are of equal height
which gives the possibility to change the kinetic energy after the
MR-ToF device. In the following these features will be discussed in
detail.

2. Comparison of ion capturing and ejection with switched
mirrors and in-trap lift

Fig. 2 illustrates the differences between the conventional
mirror-switching technique (Fig. 2 left) and the in-trap potential-
lift technique (Fig. 2 right).

2.1. Mirror switching

When the ion bunch arrives from the left, the potential of the
entrance mirror is lowered such that the ions can pass the mirror
and enter the trap region (a). After the ions passed the entrance mir-
ror region, the mirror is raised back to the trapping value (b). Thus,
externally created ions are captured (c). Similarly, the potential of
the exit mirror is lowered below the total ion energy for ejection
(d) and ions can escape via the exit mirror (e).

2.2. In-trap lift switching

In the framework of the new in-trap potential-lift method, the
incoming ions have a kinetic energy qUtransfer > qU(z) that exceeds
the maxima of the mirror potentials. Thus, they pass the first mirror
and enter the drift tube from the left (a). While the in-trap lift is acti-
vated, i.e., a potential Ulift is applied, their kinetic energy is reduced
by qUlift when entering the lift electrode. Once the ions have entered
the lift it is deactivated, i.e., it is switched to ground potential, (b)
and the ions are trapped as their energy is no longer high enough
to pass the mirrors (c). After a certain number of reflections, the
ions can be ejected by activating the in-trap lift voltage again while
they are inside the drift tube (d). Thus, they are regaining enough
energy to leave the MR-ToF MS (e).

Due to the strong focusing effect of the inhomogeneous electric
field inside the mirror, special care has to be taken with respect to
the injection ion optics in front of the device and the ejection ion
optics behind the device. As an example a set of cylindrical lenses
can be used to focus the beam near the turn-around point to prevent
radial ion losses.

2.3. Comparison

The use of the in-trap potential lift instead of switched mir-
rors has several advantages. The nominal trapping energy inside
the MR-ToF device becomes decoupled from the transfer energy of
the beamlines in front and behind the MR-ToF MS. As long as the
transfer energy of the ions in the beamline is high enough to let
the ions pass the mirrors, they can be captured with the in-trap
lift to any nominal trapping energy below the transfer energy. This
simplifies the optimization of antecedent parts of the MR-ToF MS,
because changing the transfer energy qUtransfer does not affect the
trapping conditions as long as the difference Utransfer − Ulift is kept

Fig. 2. Schematic illustration of ion capture, storage and ejection with a mirror-switching design (left) and with a static mirror design using an in-trap potential lift (right).
For  details see text.

1. Cool ions in buffer gas filled trap

2. Open front end of MRTOF and 

    eject from trap: (a)

3. Close front end: (b)

4. Ions will reflect between 

    isochronous mirrors: (c)

5. Open back end: (d)

6. Detect at MCP
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Experimental Setup
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Gas catcher

RF-carpet

Carbon-OPIG

QMS

Ladder system
  Up: RFQ
  Down: CEM & IS

RFQup

RFQdn

Detector
 Online: SSD
 Offline: CEM

Taper trap

Flat trap
RI beam

Gas filled region
(He: ~10-3 Torr)

GeV - MeV MeV - eV eV - sub-eV

Degrader
(energy compression)

Gas catcher
(He: 20 Torr)

Carbon-OPIG: transport in differential pumping, ~0.5 m
QMS: rough mass-separation
RFQup: transport line, ~0.7 m
Taper Trap: pre-cooling, extended trap
Flat trap: accumulation, cooling, ToF start for MR-TOF

8Li DC beam 
from RIPS

MCP

MRTOF-MS

(Not to scale)

Taper trap

Flat trap

estimated pressure: 10-3 Torr (outside: ~10-6 Torr)
effective drag force
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Flat Trap
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DC input
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Cooling Time
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(a) Parallel trap (c) Asymmetric taper trap

vertical: r0 + 1 mm
horizontal: r0 - 0.2 mm

+
different DC bias

(b) Taper trap

vertical: r0 + 0.5 mm
horizontal: r0 + 0.5 mm

Entrance
Exit

Vertical: r0 + 1 mm
Horizontal: r0 - 0.2 mm

+
different DC bias

Taper Trap
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Efficiency
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to MRTOF-MS (MCP)

to Orthogonal (CEM)

Trapping efficiency (%)Trapping efficiency (%)

to MRTOF-MS to Ortho-CEM*

Offline
7Li+ 2.4 5.1

Offline
23Na+ 12.1 26.7

εstraight = Itaper-L/IRFQdn

= ~80 %

Alkali IS

CEM

*gain by detection efficiency
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8Li Online Experiment
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◆ 8Li was produced by projectile fragmentation

◇ 13C: 100 MeV/u, Be: 1.86 g/cm2

◆ 8Li ions were selected by RIPS fragment separator

◆ Ions were stopped in 20 mbar, extracted by Carbon-OPIG and

    RF-carpet, purified by QMS, then transported to MRTOF

    preparation trap system

◆ ToF measurements of 8Li+ were interleaved with that of

    7Li+, (4He2+), 9Be+, (9BeH+), 12C+

◆ 8Li+ could also be sent straight through trap to SSD for efficiency

    measurement
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◆ Motivation

◆ Experimental Setup

◆ Results
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Efficiency Measurement
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8Li beam To MR-TOF (MCP)
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(incoming ion rate)

To SSD

T1/2 ~ 840 ms
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8Be α-decay spectrum at SSD

SSD DC rate: ~18 cps MCP rate: ~0.26 cps (2x at n=0)

ε@MCP = 2.9 % *ε@MCP(7Li) = 2.4% offline

8Li+ ToF spectrum at MCP

454 s~1.5 MeV
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ToF Spectra
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M.J. Koskelo et al., Comp. Phys. Commun. 24 (1981) 11

1. Extract time informations from data files and fit each peaks by following function.15

(Tab. 1)16

17

t (
s)

T (s)

(T−, t−, δt−)

(T+, t+, δt+)

(Ts, tcor, δtcor)

t = ad∗T + bd

Figure 2: (color online). Gaussian with exponential tail fitting function. At the turing point tm + rtσg, the function
switches from the Gaussian to the exponential decay function.

f (t) =




f1(t) = A · exp
{
− (t − tm)2

2σ2

}
(t ≤ tm + tc)

f2(t) = A · exp
{

tc
2tm − 2t + tc

2σ2

}
(t ≥ tm + tc)

(1)

where A is the peak height of the Gaussian, tm is the time of the peak of the Gaussian,18

σ is the standard deviation of the Gaussian, tc is the distance from tm to the switching19

point of the exponential tail.20

2. Derive the peak drift from each 12C+ and take the ratio of tioi to t12. (Tab. 2)

tcor = adTcor + bd (2)




t+ = adT+ + bd

t− = adT− + bd
(3)

ad =
t+ − t−

T+ − T−
(4)

3

At tm+tc, the differential is connected smoothly.
The tc and σ determined by reference ion 12C+.

ToF = 7,997,161(1) ns
FWHM = 24 ns
Rm ~ 167,000
N = 880 laps

ToF = 9,780,819.1(4) ns
FWHM = 24 ns
Rm ~ 203,000
N = 880 laps



/ 22Yuta ITO: Online Commissioning of MR-TOF mass spectrograph at RIKEN

8Li Mass Analysis Flow
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7Li+

9Be+

8Li+

12C+ 12C+

12C+

1. Using 12C+ ToFs before/after measurement, 12C+ ToF at the time,

    tcor, is derived for each measurement.

2. Calculate the ratio, Rs = ts / tcor

3. Calibrate the ToF using R7Li and R9Be

4. Derive the mass of 8Li+

8Li+: Ion of interest
7Li+, 9Be+: Mass calibrants
12C+: Drift compensator
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8Li Mass
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Figure 3: (color online). Results of measurements with weighted average of them shown by the green band. There are
compared to the literature values[1].

Table 4: Derived mass of 8Li+ and its precision. Also shown are the literature value mlit[1], and the deviation of mexp
from mlit. The deviation of -1.1 keV was smaller than the error of experimental value 3.7 keV. Therefore, our mass
measurement of MRTOF-MS was performed reasonably.

mexp (keV) δmexp/mexp mlit (keV) ∆m (keV)
8Li+ 7472385.8(2.4) 3.2 × 10−7 7472386.88(5) -1.6

References21

[1] M. Smith et al, First penning-trap mass measurement of the exotic halo nucleus 11Li, Phys. Rev. Lett. 101 (2008)22

202501.23
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Conclusion

MRTOF

Missing 
Area
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Summary
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◆ We performed online commissioning of MRTOF-MS with

    unstable nuclei 8Li

◆ Newly developed devices worked fine

◆ Overall trapping efficiency: 2.9% for 8Li+

◆ Mass precision: δm/m = 3.2x10-7

◆ (Mass deviation: -1.6 keV) < (Mass uncertainty: 2.4 keV)

◆ Move to GARIS for SHE mass measurement

    (and connect to BigRIPS, PALIS, KISS, and any other RI sources)
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Thank you for your attention


