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1. Introduction

About TIARA 
Takasaki Ion accelerators for Advanced Radiation
Application (TIARA) facility was constructed to provide
high-energy ion beams mainly for research in
biotechnology and materials science, and started full
operation in 1993.
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1. Introduction

Microbeam
(Light ion)

Microbeam
(Heavy-ion)

4/21



2. Microbeam Application (ESA)
A microbeam with a spot size about 1 μm is a powerful 
tool to analyze and/or irradiate a microscopic area.
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2. Microbeam Application (Cyc)
High LET (Linear Energy Transfer) heavy ion beams
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2. Microbeam Application (Cyc)
High LET (Linear Energy Transfer) heavy ion beams

Single-ion hit irradiation
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3. Microbeam Formation Technique
Microbeam formation using a collimator

Micro collimator
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Beam shifter

Beam scanner

Micro slits

Q-magnets

Divergence 
defining slits

Focal point

Magnification factor = 1/5

3. Microbeam Formation Technique
Microbeam formation using focusing magnets
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4. Flat-top acceleration

1. Control of acceleration 
phase

2. Reduction of beam 
phase width

3. Magnetic field 
stabilization

5. Quick change of ion species
(Cocktail beam)
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Kb 110
Kf 95

Extraction radius (m) 0.923
Max. Average Field (T) 1.64

RF (MHz) 11-22
Acceleration Harmonics 1, 2 and 3
Span Angle of Dee (deg.) 86

Maximum Dee Voltage (kV) 60
Proton Energy (MeV) 10 to 90

Heavy-ion Energy (MeV/n) 2.5 to 27

Spec. of the Cyclotron
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4. 1 Control of Beam Phase
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4. 3 Flat-top Acceleration
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Resonance frequency 55 - 110 MHz

Movable gap range of the
coupling capacitor (C5)  6 - 50 mm

Size of the electrode of the
coupling capacitor 130 mm x 150 mm

Movable range of the shorting
plate (L5) 250 mm

Inner tube diameter 70 mm
Inside diameter of outer tube 300 mm

Maximum output power of
amplifier 3 kW (50 ohm)
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FT acceleration of 260 MeV 20Ne7+

(h = 2, 17.475 MHz, 32 kV)
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5. Microbeam Irradiation Experiment

Beam spot size of 0.7 μm was formed!



Cell irradiation experiment in the air.
Microbeam is scattered in the air and a vacuum 
window (Si3N4, 200 nmt) layers.

Photomicrograph of HeLa cells 
dyed by CellTracker Orange

Automatic detection of cell 
positions
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Microbeam is scattered in the air and a vacuum 
window (Si3N4, 200 nmt) layers.

Photomicrograph of HeLa cells 
dyed by CellTracker Orange

Automatic detection of cell 
positions

10 ion hits/cell
Beam size = 2 to 3 μm 
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6. Quick Change of Ion Species
It takes about 8 h to form the microbeam. It is 
difficult to change the microbeam in a beam time.

Cocktail beam acceleration technique was 
introduced to quickly change the ion species.

RF ion 2
h eQ Qf hf B
uM Mπ

= = ∝

( )
( )

RF

RF

/
/

M Q fR
M Q f

= =
Δ Δ

Mass resolution TIARA cyclotron
R = 3300
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6. Quick Change of Ion Species
Ion Mass (u) M /Q Δ(M /Q )/(M /Q ) RF  (MHz) LET in water

(keV/μm)
14N5+ 14.0031 2.80007 −1.942×10−2 17.8210 186.6
20Ne7+ 19.9924 2.85551 0 17.4750 387.2
40Ar14+ 39.9624 2.85391 −5.603×10−4 17.4848 1143

Magnetic rigidities of the ion species are identical; therefore, lens 
parameters of the beam transport line need not to be changed.
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parameters of the beam transport line need not to be changed.

0

50

100

150

200

200 400 600 800 1000

B
ea

m
 C

ur
re

nt
 (n

A
)

Cyclotron Radius (mm)

17.4848 MHz

ArAr + Ne

0

20

40

60

80

100

120

0

10

20

30

40

50

40 45 50 55 60 65

Ar Ne

B
ea

m
 C

ur
re

nt
 o

f A
r (

nA
)

B
ea

m
 C

ur
re

nt
 o

f N
e 

(n
A

)

Deflector Probe Position (mm)

The microbeam was successfully changed in half an hour 
without deteriorating the beam spot size, as a result.
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7. Summary
 The acceleration phase was easily controlled, and the beam 

phase width was effectively narrowed to about 5 deg. by phase 
compression in the central region (h = 2). 

 The magnetic field was highly stabilized to ΔB/B = 1 X 10-5 by 
keeping the temperature of the magnet yoke constant.

 The energy spread of the beam was reduced to ΔE/E = 0.05% 
by the FT acceleration.

 Microbeam with a spot size less than  1 μm was formed and 
single-ion hit irradiation was successfully carried out.  

 Ion species of the microbeam was quickly changed by the 
cocktail beam acceleration in half an hour. 
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Thank you for your attentions!
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Please ask me slowly
using a simple phrase!
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