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Conceptual design of a post accelerator for SLOWRI 
 

S. Arai＊1 and M. Wada＊1 
 

As an extension plan of the slow radioactive nuclear ion 
beam facility (SLOWRI)1), construction of a post 
accelerator has been proposed. The radioactive ions from 
SLOWRI are mass-analyzed, charge-bred, and injected into 
the post accelerator. The post accelerator is a normal 
conductive linear accelerator complex composed of a 
radio-frequency quadrupole (RFQ), a medium energy beam 
transport (MEBT), and a drift-tube linac (DT linac). The 
RFQ accelerates ions with mass to charge ratio (A/q) of less 
than 9 from 5 to 500 keV/u. The beam from RFQ is 
transported to the DT linac through the MEBT. The output 
beam energy of the DT linac varies between 500 keV/u and 
1.5 MeV/u. The layout and main parameters of the post 
accelerator are shown in Fig. 1 and Table 1, respectively. 

Fig. 1. Layout of the post accelerator. 
 

Table 1. Main parameters of the post accelerator 
 RFQ Drift-tube linac 
Structure Split coaxial  Interdigital H 
Tank No.  1 2 3 4 5 
Frequency (MHz) 79 158 
A/q 9 9 
Duty factor (%) 100 100 
Input energy (kev/u) 5 500 640 810 1000 1230 
Output energy (kev/u) 500 640 810 1000 1230 1500 
Normalized emittance 

( cm·mrad) 0.047 0.047 

Number of cells 290 14 15 16 16 16 
Bore radius (cm) 0.54 1.2 1.4 1.6 1.6 1.6 
Electrode voltage (kV) 65.1 160 180 200 220 250 
Synch. phase (deg) -30 -25 
Cavity diameter (cm) 30 36 
Total cell length (cm) 719 46.4 56 66.7 74.2 82 
Power loss (kW) 186 31 44 62 72 91 

 
  RFQ parameters were determined with reference to the 
RFQ “TALL” 2). The RFQ has a split coaxial-type structure, 
which is almost the same as that of the INS-type SCRFQ 3), 
while the mechanism for supporting the vanes is modified 
as shown in Fig. 2 in order to reduce the electrode 
capacitance. The cavity comprises 18 module cavities each 
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of which is 30 cm in inner diameter and 40 cm in length. 
The cavity dimensions and RF parameters such as resonant 
frequency, unloaded Q, and power loss were estimated by 
means of numerical analysis based on an equivalent circuit . 
 
 
 
 
 
 
 
 
Fig. 2. Cross-sectional views of INS-type SCRFQ (left) and 
modified RFQ (right). 
 

As the DT linac, an interdigital-H (IH) type comprising 
five tanks and five quadrupole doublets is adopted to obtain 
high shunt impedance and variable output energy. 
Quadrupole doublets are placed in a short space of 37 cm 
between the tanks to avoid the reduction of longitudinal 
acceptance of the linac. The IH cavities were designed in 
the same manner as those of the RFQ were. The 
longitudinal sectional view of a cavity and the gap-voltage 
distribution along the beam axis for tank1 are shown in Fig. 
3. The goal frequency and uniform distribution are obtained 
by optimizing the ridge-cut shapes of both the ends. Ridges 
are made from the flat plate with 4cm thickness. Stems 
supporting the drift tubes are in the form of a truncated cone 
with the top and bottom diameters of 1 and 3 cm, 
respectively. 

The beam simulation results are as follows: For the beam 
with a normalized emittance of 0.047  cm·mrad, the RFQ 
transmission is more than 90%. The output beam emittance 
profile of the RFQ is well matched with the acceptance 
profile of the IH linac by means of two quadrupole doublets 
and a 4-gap rebuncher of the quarter-wave resonator in the 
MEBT. Transmission of the IH linac is 100%. 
 
 
 
 
 
 
 
 
Fig. 3. Longitudinal sectional view (left) and gap-voltage 
distribution (right) for the 158.1-MHz IH tank1. 
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Wide-band mass measurements with a multi-reflection time-of-flight
mass spectrograph†

P. Schury,∗1 F. Arai,∗1 Y. Ito,∗1 T. Sonoda,∗1 M. Wada,∗1 and H. Wollnik∗1

The multi-reflection time-of-flight mass spectro-
graph (MRTOF-MS), first proposed more than 20
years ago1), uses a pair of electrostatic mirrors to com-
press a flight path of several hundred meters (or even
many kilometers in some cases) within a reflection
chamber of ≈1 m length. The MRTOF-MS can achieve
mass resolving powers of Rm>105 while operating at
rates of 100 Hz or more2)3)4).

Recently, these devices have begun to prove useful
for online measurement of nuclear masses5)6). The
technique has been demonstrated to accurately pro-
vide mass precision of δm/m ∼ 5×10−7 or better.

However, the multi reflection nature of the measure-
ment has made analysis of rich, wide-band mass spec-
tra difficult or impossible. Much like runners of widely
varying skill racing on a circular track, after some time
ions with sufficiently differing mass-to-charge ratios
make different numbers of laps and create a difficult to
interpret spectrum. By developing an analytic method
to interpret such spectra, we believe the device could
eventually provide wide-band measurements of nuclear
masses much in the way of storage rings7). The device
could also be useful in analytic chemistry, providing
wide-band analysis much like FT-ICR Penning traps,
but with greater sensitivity.

Fig. 1. Example spectra with nm1=78 and 79 laps. Ab-

scissa reflects the time-of-flight of the NaNH+
3 reference.

As reported8), using a time-of-flight peak corre-
sponding to a reference ion with known mass-to-charge
ratio that makes a known number of laps in the reflec-
tion chamber it is possible to determine the mass-to-
charge ratio corresponding to any other peak as

m2 = m
(n)
1

(
ζ + nm1

ζ + nm1 + ∆n

)2

, (1)

where reference ions with mass-to-charge ratio m
(n)
1

make nm1 laps and unknown ions with mass-to-charge
ratio m2 make nm1 + ∆n laps, while ζ is a system-
dependent constant; for our system ζ=0.686 893(20).

† Condensed from Int. J. Mass Spectrom. 359 (2014) 19-25
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Determining ∆n requires a pair of spectra with differ-
ent values of nm1. Using this method, it is possible to
determine the mass-to-charge ratio of ions over a wide
range with a relative mass accuracy of ∼10−6, which is
typically sufficient to uniquely identify the ions. Such
a pair of spectra with ion identity determined is shown
in Fig. 1 using NaNH+

3 as a reference.
Once ∆n is known, a more precise determination

of the ion’s mass-to-charge ratio can be determined
using the time-of-flight of the reference and unknown
with each undergoing the same number of laps, as pre-
viously demonstrated online for 8Li+6). If there exist
isobars, one isobar can be used as a reference while
the others are treated as unknown masses and simul-
taneous accumulation of reference and unknown can
be performed, removing possible drift-related errors.

Fig. 2. Calculated spectra at SLOWRI from nuclei pro-

duced by in-flight fission of Uranium. In the hashed re-

gion, ions will experience time-dependent electric fields

from extraction switch and cannot be analyzed.

We foresee the possibility of performing such
wide-band mass measurements of r-process nuclei at
SLOWRI. As demonstrated in the calculated spec-
tra shown in Fig. 2, it should be possible to measure
masses of 20 or more nuclei simultaneously. This would
allow the entire region from 78Ni to 132Sn to be inves-
tigated with less than 10 tunes of BigRIPS.
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