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Required specifications

1 lon kind:
1 Intensity:

1 Energy:
— Injection energy of a synchrotron

— Charge changing cross section
(12C4* to 12C4*)



Design of compact injector

2
ECR lon-Source (ECRIS)

— Technology is well-established
— Stable and reliable



Design of compact injector

RFQ linac
— Matching with the ECRIS
— Technology is well-established

Drift-Tube-Linac (DTL) APF IH-DTL




Compact ECRIS

8 Permanent magnets
— no P.S. for magnets i
— ho cooling water
— Easy maintenance ﬂ
— Compact

2 Intensity of 12C4*
>400 epA (V.,4~30 kV)




RFQ linac

8 4-vane structure
® 200 MHz
# Beam energies
— Injection: 10 |
— Extraction: 6460
a2 Cavity size
— Length:
— Diameter:



APF IH-DTL

2 Beam focusing
— Alternating-Phase-Focusing (APF)

2 Cavity structure
— Interdigital H-mode (IH) structure

8 200 MHz

8 Beam energies
— Injection:
— Extraction:



Principle of the APF method
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APF method

8 Proposed in 50s

B Atfractive features:
— No focusing element
— Simple cavity
— Easy operation
B No practical APF linac exists
— Weak focusing force
— Design of synchronous phase
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Phase array

B Beam dynamics
— Array of synchronous phase

B Simple case
~ ¢,=+30, -30, +30, -30, - -+ (FDFD)
— $=+30, +30, -30, -30, - -- (FFDD)
B Small acceptance

— Bexi/Binj~2‘6
— Stable region changes with 3
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Phase array
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— Tracking simulations
— Gap voltages

(3D field-calculations)

— Transmission~
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IH structure

— High shunt impedance
(a few x 100 MQ2/m)
— Compact

— 3D field solver
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IH structure

— |AVy/V,1<2%
— Precision of 3D solver
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Model cavity

8 Full-scale model
i ‘t e : ,iﬂ’ P -_’5 N
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Model cavity




Model cavity




Cavity of APF IH-DTL
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Cavity of APF IH-DTL




Tuning of electric field

8 Field measurements
— Perturbation method

@ Designed field et Y
— Calculated with MWS NS 117 & 5
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Tuning of electric field

— Perturbation method

— Cadlculated with MWS
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power tests
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Features of APF IH-DTL

<Use of the APF method>

B8 No focusing element
— Simple & cost-effective cavity .

2 Small drift tubes
— Higher operating-frequency
— Lower injection-energy

B Easy operation

<Use of IH cavity>

B Compact cavity
Length:
Diameter:

8 High shunt impedance
Lapi
Required power:
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Beam acceleration test (1)
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Beam acceleration test (1)

1 Transmission:

19



Beam acceleration test (1)

1 Transmission:

19



Beam acceleration test (1)

1 Transmission:
i Emittance:
(normalized 90% value)
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Beam acceleration test (1)

1 Transmission:




Beam acceleration test (1)

i Transmission:
1 Emittance:

(normalized 90% value)
1 Energy:
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Beam acceleration test (2)
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Beam accelerahon test (2)

1 Current of 12C4+;
— Transmission:

1 Emittance:

i Energy
— <P>=
— |AT/T|=




Comparison of the size

HIMAC INJECTOR 10GHz ECR
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Comparison of the size
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Summary & conclusion

B Compact injector
— Total length:
B Excellent performance
— Intensity of 12C4+;
— Emittance :
- [AT/T|=
# First compact therapy-complex
— Gunma University
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