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VECC SCC
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RF System Specification 

< 0.50Phase stability

1 x 10-4Amplitude stability

1 x 10-7Frequency stability

100 kV max.Dee Voltage

1,2,3,4,5,7Harmonics

9 – 27 MHzFrequency range



ECR ION SOURCE

Electron density

Ion confinement 
time

Electron 
temperature

P=p-qA



224cm Variable Energy Cyclotron





ECR-1 AT VECC









ECR ION SOURCE  



Argon Beam Spectrum



ECR ION SOURCE (ECR-3) ASSEMBLY  

ECR Ion Source
Fabrication Completed, Ready for Assembly



14 GHz ECR  ION  SOURCE



BEAM  ENVELOPE FOR AXIAL  
INJECTION LINE









SPIRAL  INFLECTOR
Fabrication work at CDM, BARC









Lower RF liner, Dee and 
Center region connectors



Electric potential distribution for central region electrode structures as simulated with the code RELAX3D.  (a) The 
equipotential contours for dee-1 kept at Vdee and other electrodes grounded. (b) and (c) shows the similar picture for 
dee-2 and dee-3 kept at Vdee respectively while others grounded. (d) shows the distribution when all the dees are at 
Vdee; the dees, dummy dees and posts are also shown.

RELAX3D, 
ANSYS



Plug hill part

Added shim



Central Region Electrode Structure and 
Reference Trajectory
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Sectional view of 
Median Plane of 

Cyclotron









OPERATING DIAGRAM

Coupling Resonance



Energy-Field-Frequency Diagram

Q/A=0.15





Outline



Outline



SPIRAL POLE TIPS
Hill shoe

Hill (upper part)

Hill (lower part)

Central plug

45º chamfered



Outline



B(θ)= Baverage +B1 Cos(θ)+ B2………



1st Harmonic minimization

FIRST  HARMONIC  DRIVES RESONANCES



TRIM COIL INSTALLATION

Cryostat -Magnet assembly



Immediate Future

•Commissioning of ECR2 Ion Source October 2007

•Assembly of RF mechanical Structure November 2007

•Injection Line October 2007

•Evacuation of Beam Chamber October 2007

•Energisation of RF system Oct-Nov 2007

•ENGINEERING  RUN November 2007

•BEAM  RUN (Commissioning) Dec 07-Feb 08

•External Beam RUN January 08-Mar08

Experimentalists must be prepared for first experiments from Jun 08



Nu_r vs. Nu_z plot , showing different resonances
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Bump profile used for  “Precissional Extraction”



Bump profile used for  “Precissional Extraction”



Precessional Extraction

dn
dB

Rbx
ro

c υ
π 11 ×=

In the extraction region of cyclotron ,   drops through the 

resonance. This passage produces a coherent amplitude

rν

1=rν

In the fringing field precession takes place giving additional turn separation

)1(sin2 rcx
dn
dR νπ −=



Bump profile used for  “Precissional Extraction”



Median Plan View





Cross-section of Electrostatic Deflector

SEPTUM

INNER SEPTUM MOUNT

ELECTROSTATIC 
DEFLECTOR 
(H.V.ELCTRODE)

SHOE ENCLOSURE 
WELDMENT 

FIXED END NUT FOR 
INSULATOR CUP

CENTER INSULATOR 
ASSEMBLY

SHOE 
ENCLOSURE LINER

OUTER SEPTUM MOUNT



DEFLECTOR 
TEST STAND

Achieved 50 kV 
with 6mm gap

Current….45 enA



Electrostatic Deflectors

• 2 Deflectors, 55o and 43o

• The High Voltage Electrode: special 
contour, made of Titatanium.

• Maximum applied Voltage ~100 kV 
• Electrode is supported by three 

insulators
• Voltage Feed-through : Highly Insulated 

& Shielded 
• Septum: Made of Tungsten, Very thin 

(0.3 mm)
• Power Supply : Remotely operated





Passive magnetic channels



Cryostat being assembled with Magnet Iron



Magnetic Channels

• 8 Passive Magnetic Channel
• Made of Iron Bars in Copper box, 

Locally reduce magnetic field to facilitate 
Beam Extraction, Movable radialy to suit 
dynamics of different ion species.

• 1 Active Magnetic Channel in the Yoke-
hole



Bump profile used for  “Precissional Extraction”



Fig. (6a) . Q/A = 0.25, E = 30 MeV/n, Bo = 46. KG Fig. (6b). Q/A = 0.25,  E = 20 MeV/n, Bo =38 
KG

Fig. (6c). Q/A = 0.5, E = 56 MeV/n, Bo = 31 KG

Figures show  horizontal beam width 
along the Extraction Path, Magnetic 
channels M1-M8 are passive.M9 is 
active. For M1, M2 dB/dx is 8.3 
KG/inch, M3-M5 dB/dx=13.3 KG/in, 
M6,M7 8.3 KG/in, M8 is 11.6 KG/in. 
Simulated by code  DEFINX  for 3 
different central magnetic field 
excitations. 



Liquid helium chamber

Outer coil tank

Inner coil tank

Radiation shield

M9 channel





Bump profile used for  “Precissional Extraction”



N

Bending magnet

Switching magnet

Steering 
magnet

Quadrupole

Faraday cup+Beam 
viewer+Pump

Shield wall plug

K500 SUPERCONDUCTING CYCLOTRON 
EXTERNAL BEAMLINE LAYOUT 



THANKS



Error Correction in Average Field 
Distribution
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Hole Field
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Mag Field Parameters for 
20 MeV/n Oxygen beam

Main Field….33.8 Kgauss

Possible Parameters for the FIRST  BEAM
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Injection



Simulation of 3D Field Distribution with TOSCA

Field measurement was not possible at all excitations and at all places due to 
inaccessibility. TOSCA simulation has been done to make up the data.



CRYOSTAT ASSEMBLY: COMPUTER 
MODEL



Outline



TRIM COIL INSTALLATION

Cryostat -Magnet assembly



CENTRAL PLUG

Plug hill part

Added shim



SS Body Titanium electrode

Tungsten spark shield

Electrostatic deflector



OPERATING DIAGRAM
VECC K500 CYCLOTRON



94

Bending Limit  : Kb = 520
Focusing Limit : Kf = 160

• Fully Stripped Heavy Ion Beams upto energy 80 MeV/A
• For Medium and Heavier Ion Beams Energy is limited to 
• 520.Q2/A2 MeV/A
• Protons cannot be accelerated but singly charged hydrogen 

molecular ion can be accelerated which can be stripped at extraction
• It is planned to operate the cyclotron in first harmonic mode. 

And hence energies below 10 MeV/n 
is ruled out. Experimentalists should 
plan above 15-20 MeV/n

Heavy Ion Acceleration



VECC K500 SCC

EXTRACTION SIMULATION



Energy vs. Nur, Nuz plot , showing the values at Emax



Fourier analysis of the isochronous field obtained from 
Trim coil fitting program.

R [inch]

B KG



Contour plot of the isochronous field obtained from Trim 
coil fitting program.



Bump profile used for  “Precissional Extraction”



Bump profile used for  “Precissional Extraction”







Trajectories through the Extraction system



Bump profile used for  “Precissional Extraction”



Bump profile used for  “Precissional Extraction”



Bump profile used for  “Precissional Extraction”



Bump profile used for  “Precissional Extraction”



Median Plan View of the K-500 SCC VEC showing the 
Extraction Elements with the  Extracted Beam [He+1 20 Mev/A]

Extracted beam

E1

E2

M9

M1

hill


