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Design of the q/A=1/2 K100 compact heavy-ion cyclotron

Parameter Value

E (MeV/u) 25

Iproton (mA) > 2

No of Sector 4

Bhill (T) 2.0

Harmonic 4

f (MHz) 71.4

Wtotal (tons) 165

Rext(m) 1.2

Main parameters of the K100
•Ekinetic /nucleon =Kb (100 MeV)(q/A)2 = 25 MeV/u (fixed by B)

 a single-particle cyclotron!

•q/A=1/2 ions  e.g.) H2
+, 4He2+,D+, 14N7+, 16O8+, 20Ne10+, 36Ar18+,. 

RF frequency variation for different ions         

• Imax > 2 mA for protons

14N7+, 16O8+, 20Ne10+, 36Ar18+, 

4 Dee’s, Vdee=100 kV(uniform)

Total # of turns: < 80

Trajectory of a centered orbit 

Ion sources for 

the K100
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Schematic layout of the K100 facility (based on beam currents)



Layout of the horizontal & vertical microbeam lines

• Horizontal focusing (two quadrupole doublets)

• Vertical focusing (quadrupole triplet)

Object slit Image plane (hor.)

Image plane (ver.)

Space radiation effect: 

SE (Single Event)  

microdose effects

Radiobiology study:

targets in vacuum or in air

H2
+, 4He2+, D+, 

14N7+, 36Ar18, ..



Linear beam optical design of the microbeam lines

Linear optics (TRACE-3D & TRANSPORT) for the beam lines (Dx,y > 10)

= 1 µmmrad
at F0

Vertical line by TRANSPORT         

(assuming p/p=0)
TRACE-3D calculation (12C6+, 25 MeV/u)

Magnet Aperture: ∅80 mm (Doublet 1, Q0), ∅15 mm (Doublet 1, Triplet 1) 



Particle tracking in the horizontal microbeam line using TURTLE

Doublet 1 Doublet 2

Tracking from the object (F0) to image 

(F1H) plane

Dx,y >10

Total particle number of 2108

Field component TRANSPORT TURTLE

Dipole 2nd 2nd 

Dipole fringe 2nd 2nd 

Quadrupole 2nd 3rd

Quad fringe 2nd 3rd

Hexapole 2nd 2nd 

Octopole No 3rd

Nonlinear terms in optics codes



Beam dispersion in the vertical microbeam line (TRANSPORT)

• E/E  by sinusoidal RF voltage in cyclotron: ~110-3

• Dispersion-free design, but difficult to be perfect in forming microbeam

 Use two slits to keep micro-sized beam

F0



Particle tracking in the vertical beam line using TURTLE

Fraction of particles:~1.410-4 at F1V 
after passing the two slits

At F0: -10  10 µm

 Microbeam is fully recovered by using two slits

Microbeam spread out even with 
small dispersion

Slit 1: -10  10 µm

Slit 2: -10  10 µm

F1V



Chromatic 

aberrations 

The positions of ions at the image plane:
x0, 0, y0, 0: initial phase space values 

Spherical aberrations 

Optical aberrations in forming microbeam

δ0(p/p): ~ 0.1% due to sinusoidal RF voltage and a beam phase                 

width of roughly 20 in RF 

- Spherical aberration: Use of highly linear region of the beamline magnets 

- Parasitic aberration & astigmatism:  Symmetry of the focusing system should be well kept by                  

precise manufacturing and alignment of the magnets

(x|) = -236 µm/(mrad%)   

(y|)= 181 µm/(mrad%)  

- Chromatic aberration coefficients at the vertical beam line:

 Beam tracking shows chromatic effects become negligible with the use of two slits.



Target chamber system for the vertical beamline

Microbeam focusing point 
either in or out of the 

vacuum chamber

Beam envelope to F1V (TRANSPORT)

 Beam size < 1 mm inside the chamber

2.3 x 2.3 mm2 microdosimeter array 
consisting of 2500 cylindrical diodes

From Univ. of Wollongong Website 

Microdosimeter for beam diagnostics



Ions H 4He 12C 20Ne 36Ar

E (MeV) 25 100 300 500 900

Stopping power (keV/µm) 3.94 15.7 140 388 1248

Range (mm) 3.55 3.56 1.21 0.741 0.454

Lateral straggling at end (µm) 148 75.3 14.2 6.8 3.38

Beam ranges and straggling in Si & H2O at 25 MeV/u (by SRIM) 

Beam characteristics in silicon for the K100 cyclotron

Stopping ranges of q/A=1/2 ions                     

at 25 MeV/u versus LET in silicon and water

G. Du et al., The first interdisciplinary experiments at the 

IMP high energy microbeam, NIM B 348 (2015) 19



Microbeam facilities in Asia & Australia 

ANSTO microprobe facility

Institute of Modern Physics (IMP)

Separated Sector 

Cyclotron < 100 MeV/u 

TIARA facility of JAEA Takasaki

AVF Cyclotron (K110)  

< 27 MeV/u 

from L. Sheng et al., RSI 84 (2013) 055113 from M. Oikawa et al., NIM B 210 (2003) 54



Berkeley Accelerator Space Effects (BASE)  

88-Inch Cyclotron of LBL (K140) 

Heavy-ion SEE beamlines for space radiation study 

Cocktail beam

Heavy ion-induced Single Event microdose effect (SE-microdose effect)

Silicon MOSFET

Large area irradiation (TID) 



Multidisciplinary utilization of the K100 cyclotron

1. Neutron productions 2. Theranostics medical isotope 
211At using He2+

= 7.2 h for Targeted  Therapy

3. Boron Neutron Capture 

Therapy (BNCT)

30 MeV
cyclotron

K100: 
25 MeV2.6 MeV

(Tandem)

Proton Energy (MeV)

Lethally toxic

A Compact Accelerator 

Neutron Source (CANS)

10 ~ 70 MeV, p

A tantalum target with fin-like 

μ-channel structure (HBS)

K100 cyclotron:

Neutron flux: ~ 2×1013  n /s 

for 25 MeV, 2 mA

225Ac using d+ (n, 2n)  



Conclusions

• Horizontal and vertical microbeam lines designed for space radiation effects and

radiobiology studies using linear beam optics

• Microbeam in the vertical beam line can be very sensitive to small errors and

aberrations in keeping the micro-size.

Two slits at large dispersions can recover microbeam in the vertical line (TURTLE)

• Vertical target chamber for bio samples needs to be designed incorporation with its

users.

Conceptual layout


