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TECHNICAL NOTE
S. C. Snowdon

July 25, 1967

SLOW INJECTION INTCO 1000 METER RADIUS ACCELERATOR

Purpose

To date, the Lawrence Radiation Laboratory booster rapid cycling
booster system has bcen studied in the greatest detail. In order to determine
if a slow booster system warrants greater attention, the following injection
system is considered. A 50-MeV linac injects into a 10 m radius, 1 BeV
rapid cycling (30/sec) booster. Ten cycles of this beam, in turn, is
synchronously injected into a 100 m radius, 30 BeV slow cycling booster.
Decaturn extraction and subsequent fast injection places the beam into the
main ring accelerator.

Liinac Parameters

T=J0M\V

Rep. Rate: 3¢/5ec

Beam Current: S0 m A

Beam Emittance (each transverse mode): &.5 "mradecm
Energy Spread following debuncher: % 75 keV

1 BeV Rapid Cycling Booster Parameters

{R> ={10m,

(B) = SLSIK6
C.F. = &

Bprax= 1,314kén

Tinj = JOMG.V

Binj =4.070k é&

Aperture: /0 x 5.5 or & 4em x13.97¢m
Rep. Rate: 3o0/sec,

Average Revolution Time/Turn: . 3/83 4 sec,
Turns to Accelerate; £d 370

Peak Cavity Voltage: 36 KV/turn(gg =20°)
Harmonic Number: /0O

Average Field Index: 4
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At Injection (50 MeV)
Revoluticn Frequency:
Vg = L0091
Bunching Factor: .; §
Average Radial Betatron Amplitude:
Average Vertical Betatron Amplitude:
Radial Beam Emittance: // 37 rne,-
Vertical Beam Emittance: L7080 vrva=am
Space Charge Limit (Incoherent): .\ 24~ i0 aroteny
Required Linac Current: 3I7mA (f0%orns)

Charge in Accelerator: o

At Final Energy (1 BeV)
Revolution Frequency:
Radial Beam Emittance:
Vertical Beam Emittance:
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30 BeV Slow Booster Parameters

CAt

B = 1eom
(B = 2.2 &

C.F, = HR

Bmax 18 5=

Tinj = | Ea

Binj = 7ot &

Aperture: TUK Bl e RealC e x LT an
Rep. Rate: ../ sea,

Acceleration Rise Time: .. sz2:2,
Front Porch Time: 73 5=z,
Average Revolution Time/Turn:
Turns to Accelerate: S L&1577
Peak Cavity Voltage: /224 %N/ *ora (
Harmonic Number: [ 286

Average Iield Index: #0

Injection

Revolution Frequency:

-US = o ONO
Bunching Factor: .. ¢

Average Radial Betatron Amplitude: !
Average Vertical Betatron Amplitude: 2,
Radial Beam Emittance: 527 mrsd-c
Vertical Beam Emittance: & -
Space Charge Limit (Inccherent): F, 4700

Circulating Beam Current: &, 3 A
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At

Final Energy (30 BeV)

Revolution Frequency: 4769 MHz2.
Radial Beam Emittance: /O T mrad-cm
Vertical Beam IImittance: .22 T mrad—cm

Extracted Beam (30 BeV)

Horizontal Dearm Emittance: «H T mrad—cm
Vertical Beam Emiitance: AT mead~cm
Note: A decaturn extraction system gives 1.3 /10 =
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.. mrad-cm

emiitance. Subsequent inlerchange of horizontal with vertical

phase space is carried out in transport channel.

400 BeV Main Ring Parameters

At

{RY = 1008 m,
(B> = 13.374ké
C.F., = 1.34¢0
Bax © 18k 6
Tinj = 33 BeV
Bln3 = 1-33?]6@‘

Aperture: 5'ca” or L. 70 cmx 5 08cm

Rep. Rate: -5/sec

Acceleration Time: [ . 55 ec

Average Revolution Time/Turn: £40.96 4 Sec
Turns to Accelerate; 7/56¥

Peak Cavity Voltage: /oM V/f'urn ( ‘.65 -'-"3032
Harmonic Number: /00O

Average Field Index: #0¢

Injection

Revolution Frequency: 47.64kHz

WL = v o090

Bunching Factor: -f{ §

Average Radial Betatron Amplitude: [./5 ¢<m
Average Vertical Betatron Amplitude: .74 e¢m
Radial Beam Emittance: &7 7 mrad-cm
Vertical Beam Emittance: 7T mrod-cm

Space Charge Limit (Incol.erent}: 3, 4% )uow ProTonS_



Commenis

Item

Main Ring

Slow Booster

Rapid Cycling Booster

Gen_eral

SCS:ems

1.

2.

Advantages

Eliminates front porch to
give 1,5 sec. accelera-
tion time,.

30 BeV injection permits
percentage frequency
swing to be . 046 percent.
Low 5.

Radio Frequency System
is inexpensive.

Magnet Power Supply is
inexpensive,

Low +/g.

Uses only a 50 MeV
linac.
Low 5/ 5.
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Disadvantages

Multiturn extraciion is
considered difficult -
inefficient and variable
shape of phase area.
Higher radiation damage
because of higher injectior
energy. - : Loia -
Possible longitudinal
phase and space blow up
in passing high intensity
beam through iransition,
Magnet aperture larger
than LLRL booster aperiur:
Requires all of charge in
final ring,

Space charge limits are too conservative.
Can reduce apertures of both boosters.



