The JHP 200-MeV Proton Linear Accelerator
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Requirements

Table 1 Required main parameters of the linac.

Initial requirement ~ Final goal

Particles H H

Output energy 200 400 MeV
Peak current 30 60 mA
Beam width 400 400 usec
Repetition rate 25 50 Hz
Average current 200 800 UA
Length <150 ~220 m

Momentum spread +0.1 +0.1 %
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Upgrade version (1)
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FI'E(]UGIICY (3) beam parameters

Frequency
Emittance(90%)
Eacc

Beam radius
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Main parameters

Injection energy 3.0 MeV
Output energy 202.5 MeV
. Frequency 324 MH:z
Particles H
Peak current 30 mA
Beam width 400 usec
Repetition rate 25 Hz
Average current 200 HA
Total length (structure only) 92.9 m
Total length (including drift space) 122.3 m
Total f driving power 21.3 MW
Total rf power (30 mA) 27.3 MW
Total rf power (60 mA) 33.3 MW
Number of klystrons(*) 19

(*)includes for RFQ and debuncher



DTL parameters(1)

Frequency 324 MHz

Injection energy 3 MeV

Output energy 50.06 MeV

Number of tank 3

number of cells 150

Total length 28.51 m

Rf driving power () 3.92 MW

Beam power (30mA) 1.41 MW

Beam power (60mA) 2.82 MW

Total power (30mA) 5.33 MW

Total power (60mA) 6.74 MW

Number of klystron 3

Acceptance
A  (normalized 90%) 43 st mm-mrad
A, (normalized 90%) 41 st mm-mrad
A, (normalized 90%) 9.3 st MeV-deg

Focusing method Equipartitioned focusing

Stabilization Post-stabilized



DTL' parameters(2)

DTL Tank number  1-

Injection energy 3.0
Output energy 19.196
Tank length 10.36
Number of cells 80

Rf driving power (*) 1.16
Beam power (30mA) 0.49
Beam power (60mA) (.98
Total power (30mA) 1.64
Total power (60mA) 2.08

Accelarating field 2.5

Stable phase -30

Drift space 4
0.737

* including a factor of 1.3
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SDTL structure
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Demerits of SDTL
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SDTL parameters

DTL

% Frequency 324 MH, | Beam power (60mA) 9.2 MW
Injection energy 50.058 MeV Total power (30mA) 22.0 MW
Output energy 202.488 MeV Total power (60mA) 266 MW
Number of tank 31 Number of klystron 14
number of cells 155 Accelerating field 3.86 MV/m
Structure length 65.9 m Energy gain 2.86 - 1.92MeV/m
Total length 924 m Drift space (**) 0.67-1.03 m
Rf driving power (*) 17.4 MW | Acceptance |
Beam power (30mA) 4.6 MW A (normalized 90%) 21.3x mm-mrad

| A, (normalized 90%)  18.6t mm-mrad

A, (normalized 90%)  40.4n MeV-deg
(*) including a factor of 1.2.

(**) shorter length is possible.
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DTL vs. SDTL (50 MeV)

- DTL SDTL
Tank diameter 5 52 c¢m
DT diameter 13 9 cm
Bore radius 1.3 15 om
Outer corner radius 2.5 2.2 cm
Inner cornerradius 1.0 0.5 cm
Z 782 75.9 MQ/m
T 0.703 0.830
ZTT | 38.6 52.3 MQ/m
Esurface peak 402 587 MV/m
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Envelope eq. and equipartitioning
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Beam simulation
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Beam simulation (200 MeV)

Table 5 Final rms emittances forfour configurations at the exit
of the linac (200 MeV).

CCL configuration X y Z
mm-mrad 1 MeV-deg

147 MeV - 972 MHz 0.509 0.523 048

147 MeV - 1296 MHz 0.570 0.535 0.51

- 100 MeV - 972 MHz 0.602 0.843 0.43

100 MeV - 1296 MHz 0.708 1.06 048

~ Injection beam at 3 MeV 0.373  0.379 0.268 |
’1“ z-z’ emitannces are normalized to those at 324 MHz foncompar; "




Beam simulation (400 MeV)

Table 6 Final rms emittances forfour configurations at the
exit of the linac (400 MeV).

i

'CCL configuration X y Z

| . ntMeV-deg

| mm-mrad

147 MeV - 1296 MHz 0572  0.628 0.641  0.18% beam loss
100 MeV - 972MHz  0.675 0.585 0.600 no beam loss
100 MeV - 1296 MHz 0733  1.05  0.545 0.12% beam loss

* z-z’emitannces are normalized to those at 324 MHz forcomparisgn.




Transmission ratio
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Fig.8 Transmission ratio through the
CCL as a function of an injection phase
for four configurations of the linac. Nc¢
field errors are assumed. The number
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147 MeV and a frequency of 972 MHz.
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Injection beam

Table 7 Beam parameters used forthe simulations.

Results of the preliminary simulation of 3-MeY324 MHz RFQ.

| X y

Normalized emittancesrms 90% 100%  rms 90% 100%

| n mm-mrad n mm-mrad
Injection into RFQ  0.193  0.822 1.49 0.196 0.831 1.47
Output from RFQ 0282 129 3.04 0.270 1.23 3.34
~ A¢ (full width) 48.4 degrees
~ Aw(full width) 116 keV

Injection beam into the DTL (10000 particles for LINSAC simulation)
DTL injection beam 0.373 1.59 2.88 0.379 1.61 2.85
A¢ (full width) 50.5 degrees
Aw(full width) 155 keV
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Energy width (MeV, 90%, half)

Debuncher operation
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