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 Less normal tissue complication compared to X-ray, neutron and gamma ray 
Enhanced cell killing in the tumor region (High RBE) compared with proton  

Enhanced  5-year survival rate up to 22.3% compared to conventional radiation therapy (proton,  
X-ray)  clinical trials from Japan and German  

▣ Bragg Peak ▣ 5-year survival rate 



4 

NATURE 
 

Vol. 508, 133  
3 April 2014  

Heavy Ion Therapy  



Leading Organization : KIRAMS (Korea  Institute of Radiological & Medical Sciences)  

Location : Gijang County, Busan City 
Project Start : April 2010  
Project Budget : about 195 million USD(195 billion KWR) 
 (Funding from Korean government, Local governments and KIRAMS) 

KHIMA Project 
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• [KDI] Feasibility Study (B/C 1.02, AHP 0.516)  

• Organization of KHIMA Project Group, Project Start 

• Research of a Accelerator Type (Synchrotron or Cyclotron) 

• [Steering Committee] Approval of Making Engineering Drawings 

• Designation of new Director General of KHIMA Project (Dr. Nam) 

• International Evaluation(IEC), National Evaluation(NEC) 

• Design of a Superconducting Cyclotron (Draft) 

• Designs and Prototype Fabrications of  Main Equipments 

• Workshop (Evaluation Index Development for Selection of  a Accelerator type) 

• [Steering Committee] Approval of a Superconducting Cyclotron 

2013 

11.   

04. 

10.  

01. 

06.  

03. 

08. 

11.   

• Groundbreaking Ceremony 

• [Steering Committee] Approval of Switching to a Synchrotron  

• KHIMA Synchrotron Handbook 

• Conceptual Design Report (CDR) 

2014 01. 

05.  

 

10.  

KHIMA Project History 

• Technical Design Report (TDR)  2015 02.   



MISP (Gov.) 
 

Accelerator Div. 

Steering Committee 

Advisory Committee 

• Beam Optics 
• Control 
• Engineering Team 1 
• Engineering Team 2 

Clinical Div. 

• Treatment Research 
• Medical Physics 
• ES&H 

Management Div. 

• Admin 
• Facility Construction 

• External Cooperation 

KIRAMS 
 
 

KHIMA 

• Project Management 

Korea Institute of Radiological And Medical Science 

Korea Heavy-Ion of Medical Accelerator 

Ministry of  Science, ICT and Future Planning 

Organization  
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Division ~’16 ‘16(recruit) ‘17(recruit) SUM 

Director General  1 1 

Project Management 4 4 

External Cooperation 3 3 

Part Sum 8 8 

Accelerator Div. 

Beam Optics 3 

4 4 

5 

Magnet, Vacuum, Utility 

Mechanical System 
5 8 

ECRIS, RF, High Voltage 

Beam Irradiation, Diagnostic 
7 8 

Control 4 6 

Part Sum 19 4 4 27 

Clinic Div. 

Division Management 1 

 5 5 

4 

Treatment Research 1 4 

Medical Physics 7 11 

ES&H 4 4 

Part Sum 13 5 5 23 

Management Div. 
Facility Construction 5 5 

Admin. 5 2 2  9 

Part Sum 10 2 2 14 

SUM 50 11 11 72 

Human Resource 



IAP of Frankfurt Univ. 
  - Nov. 2014 

CNAO (Pavia) 
  -Jun. 2014 

CERN (Geneva) 
  -Dec. 2014 (LOI) 

 IMP CAS (Lanzhou) 
  - Feb. 2015 

SINAP CAS (Shanghai)  
  - Nov. 2014 

KIRAMS 

KEK, Osaka Univ.  
  -Jun. 2015, Oct. 2015 

NIRS (Chiba) 
  -Nov. 2014 

Gunma Univ. (Gunma) 
  -Oct. 2007 

MOU  

MedAustron 
  -May 2015 



Institute Subject 

Catholic Univ. • Verification system for treatment planning 

Chonnam Univ. • Robotic bed system 

KAIST 
(Korea Advanced Institute of Science and Technology) 

• Real time monitoring system for patient positioning 

Hanyang Univ. • Dose tracking system 

Korea Univ. • Injector design and diagnostics 

POSTECH 
(Pohang Institute of Science and Technology) 

• Beam dynamics for synchrotron and HEBT 

PAL 
(Pohang Accelerator Laboratory) 

• Vacuum system 

Domestic Collaborations  

2013 2014 2015 2016 

2013 2014 2015 2016 

2013 2014 2015 2016 

2016 

2015 2016 

2015 2016 

2012 

2012 

2012 

2014 

2014 

2014 

2013 2014 2015 2012 

2015 2016 



KHIMA Layout 

  

그림 4) Dimension of KHIMA system  

Construction Area : 7,035 m2 

  Gross Area : 12,898 m2 

2016.12. Construction Status  
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Site View(Mar. 2016)  



Site Plan 

Accelerator Test Bldg. 
(phase-II) 

Assembly and Test Bldg.: 

Treatment Center Bldg. 



Internal Review 

 
IEC 

(International 
Evaluation Committee) 

 
NEC 

(National 
Evaluation Committee) 

Sep. 2013 7 Nov. 2013 21 Nov. 2013 

Switching Accelerator Type to a Synchrotron (2013) 



 
Clients(PC, Wi-Fi AP) 
 

KIRAMS network 

 
• General Administration 

 

 

KIRAMS EP 
 
• Drawings 
• Technical Documents 
• Process Documents 
• Work Directory 

 

Document Management 

KHIMA DMS 
 

• WBS 
• PERT(Critical Path) 
• Gantt Chart 
• Resource 

Project Management 

MS Project 

• DMS files 
• MS Project files 
 

 

Backup System 

Project Management System 



Accelerator 
System 

Therapy 
System 

Conventional 
Facility 

Management 

• Beam Optics 
• ECRIS System 
• RF System 
• HV System 
• Magnet  
• MPS 
• Vacuum System 
• Diagnostic System 
• Irradiation System 
• Alignment System 
• Commissioning 

• Clinic 
• Medical Physics 
• Treatment System 
• Radiobiology 

• Management 
• Construction 
• Electrical System 
• Mechanical System 
• Communication System 
• Utility System 

• Project Management 
• Administration 
• ES&H 
• Technical  
  Commercialization 

KHIMA PROJECT 

Control 
System 

• Accelerator Control 
  System 
• Treatment Control 
  System 
• Oncology Control 
  System 
• Safety System 

KHIMA WBS 



Current Status of KHIMA Project 



Contents 
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Layout of KHIMA Accelerator System 
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Beam specifications for KHIMA 

20 



ECRIS: Requirements  
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ECR ion source setup at the test site 

Extraction Ion  Specification  Test Result 

Min. Current  Emittance  
[π.mm.mrad] 

Current Emittance  
[π.mm.mrad] 

 

 12C4+ 
122 μA  

< 0.75 
200 μA < 0.75 

 

H3
+ 

328 μA  754 μA 1.23 



ECRIS Beam Test 
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Beam intensity variation 

Chamber status 
Beam intensity  
with extraction voltage 

12C5+ 

12C4+ 

12C3+ 

12C2+ 

Spectrum next to a mass separator 
Horizontal emittance 

Vertical emittance 



Beam Diagnostic Instruments 
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Stripline kicker 

Scintillation screen 

Capacitive phase probe 
Pepper-pot meter Faraday-cup 

Slit-scanner 

Wire-scanner 

Shoe-box BPM 



Diagnostics Test (1)  
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Faraday Cup (with cooling) 

Wire scanner 

Scintillation screen Pepper pot 



Diagnostics Test (2) 
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fRF=20.26 MHz 

Texp = 25.38 ± 0.39 MeV 

Frequency (MHz) 

Phase Probe: Energy resolution test with proton beam 

Shoe box for BPM at a ring: Position linearity test 



DTL 

LINAC System 

26 

• In April of 2016, bid process of injector Linac was finalized through Public 
Procurement Service (PPS).  
• It is expected that manufacturing and beam test of whole injector system will take 
about two years. 

RFQ DTL 



DTL 

LINAC System 
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• In April of 2016, bid process of injector Linac was finalized through Public 
Procurement Service (PPS).  
• It is expected that manufacturing and beam test of whole injector system will take 
about two years. 

RFQ DTL 



DTL 

LINAC System 

26 

• In April of 2016, bid process of injector Linac was finalized through Public 
Procurement Service (PPS).  
• It is expected that manufacturing and beam test of whole injector system will take 
about two years. 

RFQ DTL 



Synchrotron Design Results 
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Physical aperture 

For 50 case error 



Multi-turn Injection 
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Multi-turn Injection Efficiency vs. Tune Space Charge off 
Eff. Turn # : 10.1 

Space Charge on 
For proton 
Eff. Turn # : 7.7 



Extraction Studies 
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Extracted beam phase space ditsribution 

Phase space distributions in the ring 

1.7 urad const. RFKO 

spill 

spill 
Ring current 

Ring current 

Ring current (feedback off) 

Ring current (feedback on) 

Spill (feedback off) 

Spill (feedback on) 

Frequency Distribution 

Amplitude Modulated RFKO RFKO with Feedback 



3D Fieldmap Tracking for the Injection Part 
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3D Fieldmap Tracking for the Ring 
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-Particle tracking was performed with 3D field map of Bending/Quadrupole/Sextupole magnet 
-Beam envelope and Twiss functions are checked 

Used Beam Distribution in the Tracking 

Accumulated Twiss functions 
for 500 turn tracking 

22.5 Bending Quadrupole Sextupole 
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Beam current in ring for extraction mode during 1000 turn 



3D Fieldmap Tracking for the Extraction Part 
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3D Fieldmap Tracking for the Extraction Part 
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HEBT Layout and Configurations 
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Exit of last Magnetic  
septum magnet 



3D Fieldmap Tracking for HEBT(1) 
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• Using field map data from OPERA3D model 

Quadrupole 1 (QM1) 

Quadrupole 2 (QM2) 



3D Fieldmap Tracking for HEBT(2) 
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    @ Iso-center   

Exit of last Magnetic septum magnet 

Gy = 10 mm  

(@ iso center) 

Beam envelope 

(Gy = 10 mm) 

(horizontal)   (vertical) 

430 MeV/u carbon, TR3, Odd-Phase Advance 

Phase shifter & stepper (w/ 6 Quad.) 



Magnet Configurations 
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28 Types,  Quantity : 236 FM # Parameters Qty. 
1 

LE
B
T
 

LE Solenoid 3 
2 LE dipole A 2 
3 LE dipole S 1 
4 LE quadrupoles 7 
5 LE correctors H/V 5 
6 

M
E
B
T
 ME dipole 3 

7 ME quadrupoles 12 
8 ME correctors H/V 6 
9 

S
yn

ch
ro

tr
o
n
 R

in
g
 SR dipole 17 

10 SR quadrupole (F, D) 20 
11 SR air-core quadrupole 1 
12 SR fast quadrupole  2 
13 SR skew quadrupole 1 
14 SR sextupole (F, D, R) 5 
15 SR horizontal corrector 10 
16 SR vertical corrector 7 
17 

H
E
B
T
 

HE dipole (22.5 deg) 10 
18 HE dipole (30 deg) 3 
19 HE dipole (45 deg) 8 
20 HE short quadrupole 60 
21 HE long quadrupole 19 
22 HE correctors H/V 22 
23 

S
p
e
ci

a
l 
M

a
g
n
e
t

s 

Injection septum 2 
24 Injection bumper 2 
25 Dump bumper  2 
26 Extraction septum N 1 
27 Extraction septum W 1 
28 Chopper bumpers 4 

Total 236 



Magnet CAD Images 

Main ring 
22.5° dipole 

HEBT 
22.5° dipole 

HEBT 
30° dipole 

HEBT 
45° dipole 

Main ring 
Quadrupole 
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Quadrupole B 

Main ring 
Sextupole 
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Extraction thin 
magnetic septum 

Extraction thick 
magnetic septum 

HEBT chopper 
magnet 



Magnet CAD Images 

Main ring 
22.5° dipole 

HEBT 
22.5° dipole 
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HEBT 
Quadrupole A 
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Injection 
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SR-Dipole SR-Quadrupole 



Specifications for the Magnets 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 

Location LEBT MEBT Synchrotron Ring HEBT Special Magnets 

Parameters 
LE sol
enoid 

LE dip
ole A 

LE dip
ole S 

LE qu
adrup
oles 

LE corr
ectors 
H/V 

ME di
pole 

ME q
uadru
poles 

ME co
rrecto
rs H/V 

SR di
pole 

SR qu
adrup
ole (F, 

D) 

SR qu
adrup
ole - 
aux c
oil 

SR air
-core 
quadr
upole 

SR fas
t qua
drupo

le  

SR sk
ew qu
adrup
ole 

SR se
xtupol
e (F, 
D, R) 

SR ho
rizont
al cor
rector 

SR ver
tical c
orrect

or 

HE di
pole_

1 

HE di
pole_

2 

HE di
pole_

3 

HE qu
adrup
ole_1 

HE qu
adrup
ole_2 

HE co
rrecto
rs H/V 

Magn
etic in
jectio
n sept
um 

Injecti
on bu
mper 

Dump 
bump

er  

Thin 
M ext
ractio
n sept
um 

Thick 
M ext
ractio
n sept
um 

Chop
per b
umpe

rs 

Quantity of magnets [EA] 3 2 1 7 5 3 12 6 17 20 20 1 2 1 5 10 7 7 3 6 45 13 17 2 2 2 1 1 4 

Required spec. [Oct.19, 2015
] 

                                                          

Magnetic rigidity [T-m] 
0.038

6 
0.038

6 
0.038

6 
  

0.763
2 

  
0.38~
6.62 

0.38~
6.62 

0.38~
6.62 

6.62 6.62 6.62 6.62 6.62 

Bending angle [Deg] 90 90   45   22.5 22.5 30 45   13.57   

Entry/Exit edge angle [Deg] 25/25 30/0   22.5   11.25 11.25 15 22.5     

Max. magnetic field or gradie
nt [T, T/m, T/m2] 

0.28 
0.107

3 
0.107

3 
1.3 0.0027 0.636 6 0.033 

0.08-
1.43 
(1.5) 

0.117
~4.27

4 
+ 

0.086 
(aux) 

0.015 0.069 0.15 
0.145
~54.3 

1.43 
(1.5) 

1.43 
(1.5) 

1.43 
(1.5) 

20 20 0.11 
0.421

8 
0.489

2 
0.977

5 
0.18 

Bending radius [mm] 360 360   1200   4650 4650 4650 4650     

Deflection angle (mrad) 6   6   3 2   5 237 7 7 5.5 

Magnetic length [mm] 300 565.5 565.5 150 100 942.5 250 150 1826 360 410 300 200 200 0 

1826.
05 

(1814.
34) 

2434.
73 

(2407.
02) 

3652.
1 

(3558.
96) 

350 550 300 450 300 300 
1096.

2 
1007.

5 
200 

Good field region [mm] 
w±60,  
h±30 

w±60,  
h±30 

±R45 D35 
w±60,  
h±30 

±R36 D30 
w±70,  
h±28 

w±70,  
h±30 

w±70,  
h±30 

w±70,  
h±30 

w±70,  
h±30 

w±70,  
h±30 

w±70,  
h±30 

w±70,  
h±30 

w±40,  
h±25 

w±40,  
h±25 

w±40,  
h±25 

±R30 ±R30 ±R40 
w±70,  
h±30 

w±70,  
h±30 

w67.0, 
h39.6 

w115.
2, h40 

±R40 

Good field (ΔB/B) 
±0.05

% 
±0.05

% 
±0.1% 1% 

±0.05
% 

±0.1% 1%   
< ±5.
0E-4 

< ±5.
0E-4 

< ±5.
0E-4 

±0.1% ±0.1%   
<±1.0
E-3 

<±5.0
E-3 

  

Integral field quality 
< ±1.
0E-3 

< ±1.
0E-3 

< ±5.
0E-3 

  
< ±1.
0E-3 

< ±5.
0E-3 

  
< ±2.
0E-4 

< ±5.
0E-4 

w+37
%, h-
30% 

< ±3.
0E-2 

< ±1.
0E-2 

< ±4.
0E-3 

±0.3% 1 % 
< ±1.
0E-3 

< ±1.
0E-3 

< ±1.
0E-3 

< ±2.
0E-3 

< ±2.
0E-3 

Required free aperture [mm] R50 R54 
w35,  h

35 
  R44 

w30, 
h30 

  
w>±8
0, h>
±47 

w>±8
0, h>
±47 

  D90 
w69.7, 
h29.6 

w166, 
h90 

w166, 
h90 

w67.0, 
h39.6 

w115.
2, h40 

w96, 
h90 

Max. repetition rate [Hz] n/a n/a n/a   n/a         1 1   

Duty cycle n/a n/a n/a   n/a           

Rise time [µs] n/a n/a n/a   n/a     <200     33 32 180 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 

Location LEBT MEBT Synchrotron Ring HEBT Special Magnets 

Mechanical spec.                                                           
Aperture of vacuum chamber 

[mm] 
D100 

w124, 
h64 

D104 D104 D104 
w124, 
h64 

D84 D84 
w190, 
h72 

w186, 
h78 

w186, 
h78 

w186, 
h78 

w186, 
h78 

w186, 
h108 

w186, 
h108 

w84, 
h64 

w84, 
h64 

w84, 
h64 

D70 D70 D70 
w196, 
h88 

w196, 
h88 

D80 

Yoke length [mm] 180 645.2 126 40 830 209   1738 302 370 140 140 160 160 1814.3 2407 3559 324 532 200 424 150 150 1060 954 140 
Width of cross-section [mm] D100 - 460 154 714 478.4   1140 620.56 240 241 617 380 300 724 724 724 504 504 370 155 241 290 187.5 320 364 
Height of cross-section [mm] D100 - 460 154 564 478.4   680 620.56 240 241 556.68 200 300 486 486 486 504 504 370 150 150 160 150 330 230 

Overall length [mm] 180 710 200 76 1084 277   2072 482 416 320 220 250 202 2118.3 2711 3863 496 720 238 465.6 202 202 1118.6 1012.6 240 
Overall width [mm] 100 696.2 500 189 714 478.4   1208.4 620.56 240 241 617 540 300 813.35 882.44 1078 504 504 404 167 308 330 199.5 336 364 
Overall height [mm] 100 416 500 189 564 478.4   740 620.56 240 241 556.68 200 338 486 486 486 504 504 404 162 180 216 162 346 230 

Air-gap, Aperture [mm] D108 70 R54 R40 70 R44   72 R85 R80 R85 R100 R68.5 R100 66 66 66 R36 R36 R90 
w69.7, 
h29.6 

w170, 
h90 

w166, 
h90 

w54.6, 
h39.6 

w115.
2, h40 

w244, 
h110 

Yoke material n/a 
low-c
arbon 
steel 

Low-c
arbon 
steel 

Low-ca
rbon st

eel 

low-c
arbon 
steel 

Low-c
arbon 
steel 

Low-c
arbon 
steel 

low-c
arbon 
steel 

Low-c
arbon 
steel 

x 
Low-c
arbon 
steel 

Low-c
arbon 
steel 

Low-c
arbon 
steel 

Low-c
arbon 
steel 

low-c
arbon 
steel 

low-c
arbon 
steel 

low-c
arbon 
steel 

Low-c
arbon 
steel 

Low-c
arbon 
steel 

Low-c
arbon 
steel 

Low-c
arbon 
steel 

ferrite ferrite 
Low-c
arbon 
steel 

Low-c
arbon 
steel 

ferrite, 
Low-c
arbon 
stee 

Lamination [mm] n/a solid solid 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

Packing factor n/a 1 1 - 1 0.95   >0.97 0.7 0.7 
>0.97

5 
>0.97

5 
>0.97

5 
>0.97 >0.97 >0.97 0.975 0.975   

>0.97
5 

>0.97
5 

>0.97
5 

  

Total weight [kg] 88.38 1329.4 99.132 17.46 2552.7 219.03 0 8454.7 453.88 0.575 283.4 236.06 130.83 91.787 8692.1 11483 17000 668 988 0 71.11 0 0 216.38 766.42 150.8 
Wt. of yoke [kg] n/a 952.95 69.19 3.5 2007.8 167.55   7496 338.3 0 135.5 193.13 40.122 33.631 6828.4 9135.6 13649 202 332   66.5 188.77 735.72 96.9 
Wt. of coil [kg] 88.38 376.4 29.941 13.96 544.94 51.486   958.72 115.58 0.575 147.9 42.93 90.711 58.156 1863.7 2347.5 3351 466 656   4.61 27.61 30.7 53.9 

Wt. of magnet * No. of magn
et 

265.14 2658.7 693.92 87.3 7658.2 2628.4 0 
14373

0 
9531.5 0.575 283.4 1180.3 1308.3 642.51 86921 34449 

13600
0 

41416 16796 0 142.22 0 0 216.38 766.42 603.2 

Magnetic spec.                                                           
Max. magnetic field or gradie

nt [T or T/m or T/m2] 
0.2793 0.128 1.316 0.0016 0.6354 6.03   1.5 4.29 0.086 0.0148 0.0114 55.26 0.0642 0.0642 1.5 1.5 1.5 19.27 19.87 0.137 0.4229 0.0413 0.0336 0.4911 0.9743 0.15 

Magnetic length [mm] 298.25 149.03 158.75 942.35 248   1827.9 359.64 410 225.5 201.08 312.7 377.72 1826.1 2433.7 3651.4 350.4 550.84 411.22 455.6 1098.8 1007.9 299.41 

Good field region, 0.1% [mm] ±R50  ±R45 ±R18 
w±60,  
h±30 

±R36   
w±50,  
h±28 

±R70 ±R56 ±R60 ±R64 
w±70,  
h±30 

w±70,  
h±30 

w±37,  
h±25 

w±37,  
h±25 

w±36,  
h±25 

±R28 ±R28   
w±26,  
h±12  

- 
w±50,  
h±15  

±R40 

Integral field quality 
< ±7.
69E-4  

< ±5.
9E-3 

< ±1.4
E-2 

< ±2.
63E-3 

< ±3.
8E-3 

  
< ±1.
9E-3 

< ±5.
63E-4 

< ±2.
8E-1 

< ±1.
7E-2 

< ±4.
5E-3 

< ±3.
36E-3 

< ±9.
3E-3 

< ±1.
7E-3 

< ±1.
6E-3 

< ±1.
5E-3 

< ±9.
6E-3 

< ±6.
9E-3 

  
< ±1.
0E-2  

- 
< ±1.
7E-2  

< ±5.
7E-3 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 

Location LEBT MEBT Synchrotron Ring HEBT Special Magnets 

Conductor & coil spec.                                                           

Conductor dimension [mm] 
w9 x t9
, d7.9, r

1 

w6 x t9
, d1.5, r

1 

w6 x t2
, d0, r0 

w3 x t3.
8 

w12 x t
12, d5.
5, r1 

w7 x t7
, d3, r1 

  
w25 x t
25, d8, 
r0.5 

w11 x t
10, d5, 
r0.5 

w4 x t2 w4 x t4 
w11 x t
10, d5, 
r0.5 

w8, t8, 
d4, r0.1 

w3 x t3
.8 

w7 x t3 
w13.5 x 
t13.5, d
10, r1 

w13.5 x 
t13.5, d
10, r1 

w13.5 x 
t13.5, d
10, r1 

w8 x t8
, d4, r 

w8 x t8
, d45, r 

  
w8, t8, 
d4, r0.1 

w3 x t1
0 

w3 x t1
0 

w12.37
5, t9.9, 
d3 (w3
8, t9.9, 

d3) 

w9.5, t9
.5, d3 (
w9.5, t1
9.5, d3) 

w8, t15, 
d4.5, r 

Conductor area [mm2] 44.21 52.73 12 11.4 120.24 41.931   574.4 90.17 4 16 90.17 48.3 11.4 63 102.85 102.85 102.85 51.43 51.43   48.93 30 30 
115.44 
(369.13) 

61.98 
(156.98) 

104.1 

Coil dimension (a1,a2,b1,b2)* [mm]       
174, 

281, 48, 
155 

174, 
281, 48, 

155 

174, 
281, 48, 

155 

56, 77, 
135.33, 
200.33 

130, 
232, 61, 

113 

130, 
232, 61, 

113 

130, 
232, 61, 

113 
  

w9.5, t9
.5, d3  

  

No. of coils / magnet 1 2 4 4 2 4   2 4 4 4 4 6 2 2 2 2 2 4 4   2 8 12 2 2 2 

Average turn length [mm] 810.53 1825 505.05 173.26 2657.5 685.95   4747.8 1132.7 1510 907.12 728.69 616.4 529.08 453.68 4534.8 5749.4 8192.8 1200 1616   1129.2 384.56 454.56 2525.7 2344.1 919.3 

No. of turns / (coil/pole) 
H15 x 
V18 

H4 x V
6 

H6 x V
16 

H3 x V1
7    2x(H
1 x V3) 

H8 x V
8 

H4 x V
8 +3 

  
H4 x V

4 
H4 x V

5 
H3 x V

14 
H1 x V

1 
H4 x V

5 
H2, V7 

H10 x 
V25 

H28 x 
V4 

H8 x V
8 

H8 x V
8 

H8 x V
8 

50 
(2,3,4,5,
6,7,8,8,

7) 

50 
(2,3,4,5,
6,7,8,8,

7) 

  
2 (V2 x 

H1) 
2 (H1 x 

V4) 
H12 x 

V1 
H1 x V

2 
H2 x V

2 
8 (V4 x 

H2) 

Current density [A/mm2] 5.65 2.84 1.3542 0.51 2.4 3.1957   5.04 6.97 1.5 5.44 0.03 11.18 1.5 2.74 6.27 6.27 6.31 4.63 4.9   38.62 54.13 54.13 
33.71 
(10.54) 

62.875 
(24.86) 

7.7 

Max. current [A] 250 150 16.25 5.76 288.6 134   2898 628.43 6 87 1.7 540 28.8 57.6 644.9 644.9 648.8 252 252   2515 1623.9 1623.9 3892 3897 1309 

Total ampere-turns [A-turn] 67500 7200 6240 1313.28 36940 18760   92736 50274 1008 348 182.52 45360 14400 12902 82544 82544 83040 50400 50400   10060 12991 19487 15570 15588 20944 

Max. current ramp [A/s]       5796       

Resistance / magnet @ 20℃ [mΩ] 83.155 27.912 67.879 58.215 47.52 38.476   4.441 16.88 1065.5 53.34 10.86 18.01 389.85 81.3 94.8 120.2 171.3 78.392 105.57   1.242 1.72 3.05 3.83 2.3738 

Inductance / magnet [mH] 3.857 8.74 81.052 0.39 93.723 13.417   11.14 6.42 - 0.0032 10.67 2.395 89.21 13.47 159.02 211.44 313.37 27.452 45.099   0.0255 0.0049 0.0146 2.395 0.0837 

Max. voltage [V] 20.789 4.19 4.4121 0.33532 13.72 5.1558 12.87 10.608 6.3927 4.6406 0.0185 9.7254 11.228 4.6829 61.137 77.517 111.14 19.755 26.603 3.1236 2.7931 4.9529 14.926 3.1072 

Power dissipation / magnet [kW] 5.1972 0.628 0.0717 0.002 3.9584 0.6909 37.297 6.6663 0.0384 0.4037 3E-05 5.2517 0.323 0.27 39.427 49.991 72.107 4.9782 6.704 7.8559 - - 58.165 4.0674 

Power of magnet * No. of magnet 15.592 1.256 0.5019 0.01 11.875 8.2905 634.05 133.33 0.7671 0.4037 3E-05 26.259 3.23 1.89 275.99 149.97 432.64 224.02 87.152 15.712 - - 58.165 #REF! 

Cooling spec.                                                           

# of cooling circuit / coil 1 0.5 - n/a 1 0.5   2 0.5 n/a n/a 0.5 0.5 1 fin n/a 2 2 4 1 1   2 2 4 1 

Pressure drop [bar] 7 7 - n/a 7 7   7 7 n/a n/a 7 7 n/a n/a 7 7 7 7 7   7 7 7 7 

Water flow / cooling circuit [l/min] 3.76 0.79 - n/a 1.62 0.64   10.6 2.68 n/a n/a 7.03 2.54 n/a n/a 6.79 7.89 7.2 0.86 1.0395     

Total water flow rate / magnet [l/mi
n] 

3.76 0.79 - n/a 3.23 1.28   42.4 5.36 n/a n/a 14.06 7.62 n/a n/a 27.17 31.58 57.6 3.43 4.158     

Temperature rise [℃] 19.79 2.99 - n/a 17.55 7.76   12.62 17.85 n/a n/a 0 9.88 n/a n/a 20.8 22.68 17.94 19.69 23.105     

Water flow of magnet * No. of mag
net 

11.28 1.58 - n/a 9.69 15.36 0 720.8 107.2 n/a n/a 14.06 38.1 n/a n/a 190.19 94.74 345.6 154.35 54.054 0   

Field specifications 

Mechanical specifications 

Electric, cooling specifications 
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Specifications of Power Supplies  (1) 

Gro

up 

Inde

x 
Type 

Quantit

y 

Current Voltage Accuracy 

Power  

 [kW] 

Effi.   

Air 

(85%),

Water 

(95%) 

Power 

Factor 

Input 

 [kVA] 
I_nom 

 [A] 

V_nom 

[V] 

V_ ramp 

[V] 

± stability 

[ppm] 

accuracy  

(linearity)  

± [ppm] 

ripple 

 ± [ppm] 

reproducibility 

±[ppm] 

Tracking 

/overshoot 

±[ppm] 

resolution 

±[ppm] 

A 

1 LEBT - Solenoid 3   275 ± 30 na 100 100 100 50 100 100 8.3  0.85  0.95  10.2  

2 
LEBT-DipoleA (2ea) 

MEBT-Quadrupole (12ea) 
14   165 ± 30 na 50 25 50 25 50 50 5.0  0.85  0.95  6.1  

3 LEBT - Dipole B 1   200 ± TBD na 50 25 50 25 50 50 TBD TBD  TBD  TBD  

4 LEBT - Quadrupole 7   20 ± 30 na 50 50 50 25 50 50 0.6  0.85  0.95  0.7  

5 
LEBT-Corrector (10ea) 

MEBT-Corrector (12ea) 
22 ± 60 ± 30 na 500 250 250 500 250 1000 1.8  0.85  0.95  2.2  

6 
MEBT-DipoleA (1ea) 

MEBT-DipoleB (1ea) 
2   320 ± 60 na 50 50 50 25 50 50 19.2  0.85  0.95  23.8  

B 7 SR - Dipole 1   3200 ± 250 1500 5 5 5 2.5 5 5 4800.0  0.95  0.95  5318.6  

C 

8 
SR-Quadrupole_F (2ea) 

SR-Quadrupole_D (1ea) 
3   695 ± 110 180 5 5 5 2.5 5 5 125.1  0.95  0.95  138.6  

9 
SR-Aux.coilA (2ea) 

SR-Aux.coilB (1ea) 
3   10 ± 100 na 100 100 100 50 

10

0 
100 1.0  0.85  0.95  1.2  

10 SR - Air-core  Quadrupole 1 ± 100 ± 30 na 100 100 100 50 
10

0 
100 3.0  0.85  0.95  3.7  

11 SR - Fast Quadrupole 1 ± 230 ± TBD TBD 300 300 300 150 
30

0 
300 TBD  TBD  TBD TBD 

12 SR - Skew Quadrupole 1 ± 10 ± 30 na 100 100 100 50 
10

0 
100 0.3  0.85  0.95  0.4  

D 

16 HEBT - Dipole_22.5 A 4   715 ± 150 650 25 25 25 12.5 25 25 148.1  0.95  0.95  164.1  

17 
HEBT-Dipole_30B (1) 

HEBT-Dipole_45D (1) 
2   715 ± 270 1250 25 25 25 12.5 25 25 295.3  0.95  0.95  327.2  

18 HEBT-Dipole_45C  1   715 ± 500 2400 25 25 25 12.5 25 25 583.6  0.95  0.95  646.6  

19 
HEBT-Quadrupole_S (45) 

HEBT-Quadrupole_L (13) 
58   280 ± 70 na 50 25 50 25 50 50 19.6  0.85  0.95  24.3  

20 HEBT-Corrector 34 ± 150 ± 30 na 500 250 250 500 250 1000 4.5  0.85  0.95  5.6  

E 

21 SR-InjectionSeptum  1   2770 ± 40 na 100 50 100 50 100 100 110.8  0.95  0.95  122.8  
22 SR - Injection Bumper 1   1790 ± 150 2000 100 50 100 50 100 100 268.5  0.95  0.95  297.5  
23 SR-DumpBumper  1   1790 ± 40 2000 100 50 100 50 100 100 71.6  0.95  0.95  79.3  
24 SR - Ext. Septum_thin 1   4290 ± TBD TBD 100 50 100 50 100 100 TBD  TBD TBD TBD 

25 SR - Ext. Septum_thick 1   4290 ± 50 na 100 50 100 50 100 100 214.5  0.95  0.95  237.7  

26 HEBT - Chopper bumper 1   1450 ± 30 2500 100 50 100 50 100 100 357.1  0.95  0.95  395.7  

Specifications of Power Supplies  (2) 

Gro

up 

Inde

x 
Type 

Quantit

y 

Current Voltage Accuracy 

Power 

 [kW] 

Effi.   

Air 

(85%),

Water 

(95%) 

Power 

Factor 

Input 

 [kVA] 
I_nom 

 [A] 

V_nom 

[V] 

V_ ramp 

[V] 

± stability 

[ppm] 

accuracy  

(linearity)  

± [ppm] 

ripple 

 ± [ppm] 

reproducibility 

±[ppm] 

Tracking 

/overshoot 

±[ppm] 

resolution 

±[ppm] 

C 

13 SR - Sextupole_F/D  2 ± 595 ± 40 na 100 100 100 50 100 100 23.8  0.95  0.95  26.4  
14 SR- Sextupole_R 1 ± 595 ± 30 120 100 100 100 50 100 100 71.4  0.95  0.95  79.1  

15 
SR-Hor. Corrector (10) 

SR-Ver. Corrector (7) 
17 ± 65 ± 50 na 1000 250 250 500 250 1000 3.3  0.85  0.95  4.0  
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Electric Field Distribution Surface Current Distribution 

FINEMET samples from KEK  

1-cell MA Cavity 

8-Cell MA Cavity 
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Whole Synchrotron Pressure from Injection (q=3e-11 mbar l/s/cm2 at 12h)

 

 
SIP 120 l/s & NEG 300 l/s

Simulated Pressure distribution 

1/16 Vacuum System Model  
Test Results 

  Pressure [mbar] ≤1E-8  

  Corrugated dipole chambers 16 

  Aperture (racetrack) [mm] 140/60 

  Total Length [m] 75 

  Instrumentation for synchrotron 

 - Ion Pump (120 l/s) 16  

 - NEG (300 l/s) 34 

 - Ion Pump (240 l/s) 2 

 - 60 l/s TMP, Dry pump, VG(UHV+ATM) 2 

 - CCG head (CF35) 8 

 - Pirani head (convection, CF35) 4 

 - Breaker (CF35) 8 

 - Full range (Ion+Pirani) 4 

 - RGA (100 amu)  2 

 - Angle valve (DN35) 2 

 - All metal gate valve (CF200, 10" OD CF) 3 

 - Pneumatic/Cable network/N2 vent 3 

 - Angle valve (CF63, Roughing) 3 

 - Angle valve (CF35, diagnostics) 4 
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90° vertical landing 

90° vertical down 
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Support structures 
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90° vertical rising 90° vertical up 

90° vertical landing 

90° vertical down 

90° vertical falling 

Support structures 
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Survey  network Control point error analysis 
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Range shifter 

Beam spot image at profile monitor  

Beam scanned image on a Gaf film 

Experimental setup 

Scanning magnet 

Beam profile 
monitor 
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• The accelerator for KHIMA was changed to a synchrotron from a superconducting 
cyclotron since May 2014. 
 

• Technical Design Report (TDR) was published in early 2015. 
 

• Measured beam intensity of ECR ion source is more than targeting current.  
 

• A bidding process for the injector was completed. 
 

• Instruments for diagnostics are under performance test.  
 

• A prototype of active scanning system was developed and evaluated the 
performance to give a reasonable result.  
 

• Most of the accelerator components including magnets, power supply and 
vacuum system are currently under procurement process. 



Thank you for your attention! 
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