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Constant Impedance # D » /2 FE— K& 2 » /3 E— FOXE (T) RBNeal The Stanford TWo-Mie Accelerator)

Table 6-1 Frequency dependence of principal machine parameters

Frequency
prefererice
Freguency
Parameter dependence High Low Notes
Shunt impedance per unit length (#) [z X a
RF loss factor (Q) f-uz X a
Filling time (#z) f3z X a, b
Total RF peak power f-ez X a, b, c
RF feed interval ) F3z X a, b
No. of RF feeds f312 X a, b, d
RF peak power per feed -2 X a, b.c
RF energy stored in accelsrator Vil X a b, c
Beam loading ( —dV/di) frrz X a, b, d
Peak beam current at maximum
conversion efficiency [z X a b, c f
Diameter of beam aperture Vi X a
Maximum RF power available from
single source -2 X e
Maximum permissible electric field
strength Sz : X a
Relative frequency and dimen-
sional tolerances fiz X a b
Absolute ‘wavelength and dimen-
sional tolerances [z X a, b
Power dissipation capability of
accelerator structure -t X a, b, d
Notes:
a. For direct scaling of modular dimensions of accelerator structure.
b. For same RF attenuation in accelerator section betwaen feeds.
c. For fixed electron energy and total length.
d. For fixed total length.
e. When limited by cathode emission.
f. When limited by beam loading.
g. Approximate ; empirical.
Table 6-5 Characteristics of Stanford constant-impedance structures
Mark 111 accelerator Mark IV accelerator
Parameters (7952) (7960)
Operating mode /2 2mw/3
Length (ft) 10 10
Waveguide inside diameter 25 (in.) 3.247 3.247
Disk hole diameter 2a (in.) 0.8225 : 0.890
Disk thickness ¢z (in.) 0.230 0.230
Periodic length d (in) 1.03358 1.378
Disk edge radius p (in.) 0.1215 0.1215
Matching iris aperture (in.) 1.042 1.014
Frequency (MHz) 2856 2856
Group velocity v,/c 0.0100 0.0122

Shunt impedance ro (megohms/
meter) (corrected for funda-
mental space-harmonic ampli-

tude) 47 53
o 10,000 13,200
Attenuation + (Np) 0.80 0.57
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(R.BNeal, The Stanford TWo-Mile Accelerator)

Table 8-2 Design parameters of 20-GeV accslerator at three frequencies®

Frequency
(L-Band) (S-Band) (X-Band)

Parameter 1000 MHz - 3000 MHz 8000 MHz
Shunt impedance r (megohms/

meter) 31 53 92
RF.loss factor (Q) 2.25 x 10¢ 1.3 X 10* 0.75 x 10*
Filling time #F (usec) 4,31 0.83 0.16
Total RF peak power (MW) 9216 5320 3072
RF feed interval (ft) 52 10 1.92
No. of RF feeds 185 960 4988
RF peak power (MW) per feed 50 5.54 0.62
RF energy (J) stored in accelerator 21,348 2372 264
RF energy (J) required for 1.67-

psec electron beam pulse

length 55,112 13,300 5,620
Total average RF power (MW) at

360 pulses/sec 19.84 4.80 2.04
Beam loading (—d¥V/di) (GeV/A) 20.5 35.5 61.5
Peak beam current (mA) at maxi-

mum conversion efficiency 544.2 314.2 181.4
Minimum diameter (in.) of beam

aperture 2.292 0.764 0.255
Maximum RF peak power (MW)

from single source® 216 24 2.7
Maximum permissible electric

field strength® (kV/cm) 133 230 398
Maximum expanded beam

energy? (GeV) 38.4 66.5 115.0
Relative frequency and dimen-

sional tolerances® 1.11 x 10-3 183 X 105 3.34 X 105
Absolute frequency and dimen- 11 kHz 58 kHz 301 kHz

sional tolerances® 0.11 mils 0.06 mils 0.04 mils
Average power dissipated per

unit area of accelerator surface”

(W/cm?) 0.59 043 0.53
Average temperature difference

(°C) across accelerator wall? 0.42 0.10 0.04

“ Assumptions: 27/3 mode in constant-gradient structure; T = 0.57 Np (RF attenuation) ; L = 10,000 ft
(94.8% effective) ; 10% power loss in waveguides; 10% beam loading; direct scaling of modular dimensions.
® Based on 24 MW available at S-band, values for other frequencies based on scaling as £~ 2,

¢ Based on maximum gradient obtained to date at S-band ; vaiues for other frequencies based on scaling
as f1/2- .

4 Ag limited by maximum permissible field strength.

€ For 1% loss in beam energy.

J Based on 360 pulses/sec and 1.6-u sec electron beam pulse length.

¢ Based on copper wall 3, 1, and 4 cm thick at L-, S-, and X-bands, respectively.
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Table 1

(1984 Linac Conf.)

General parameters of the 2.5 GeV linac

Energy (50 mA loaded)
(Total rf power)

840 MW

1200 MW

Beam pulse lengrtrh
Repetition rate
Energy spread
Normalized emittance

2.5 GeV
3.0
1.5 ns ~ 2.0 us

< 50 pps
< 0.5 %
< 107w cmemrad

Accelerator guide (Main accelerator)

Type of structure
Frequency {(at 27°C)

Length of accelerator guide

TW. 5 type Semi-C.G.

2856 MH=z

2 m (Including
couplers)

Total number of guides 160
Length of acceleration unit 9.6 m
Number of acceleration units 40
Nuwmber of sectors S
RF
Peak power of klwvstron 30 MW (Max.)
Number of klystrous 41 {Including one
klystron of Injector)
RF pulse length 3 us
Injection system
Type of gun Triode
Gun wvoltage 100 kV
Number of acc. guides 2
Output energy 35 MeV (Max.)
524 KEK Accelerator Test Facility DEF Y =7 v &
(1994 Linac Conf)
Beam Energy for D.R. 1.54 GeV
Total Length 70m
Injector 10m
Linac 60m (active length 48m)
Accelerator Structure 2n/3mode constant gradient
Total length 3m = — o R 2B
Total number 16 FS5 ATFOBEFI=7 /%@?Zéﬂtr&ab
Accelerating Field (1996 Linac Conf.)
Meaximum Field 43 [62] MV/m Maximum Beam Energy 1.42 GeV
with Beam Loading 88 [40] MV/m Maximum Gradient with beam 28.7 MV/m(average)
RF Frequency 2.856 GHz Maximum Klystron Power 62 MW(average)
Kli': :;ifeak Power 200 MW/structure Accelerated Intensity: single bunch 1.7 x 10%
3 - 10
Klystron Peak Power 80 [85) MW B s » 20 ml{ltl»bunch 7.65 x 10% (total)
ergy Spread : single burich 0.4 % (FWHM)
Klystron Pulse Length 4.5 s :20 multi-bunch with ECS  ~ 0.3 % (FWHM
Number of Klystrons 8 . 20multi-bunch wi 3 % (FWHM)
Pulse Compression Two-iris SLED Emittance e« : single bunch 1.3 x 10%(1o, at Inj.)
Power Gain 5.0 ( average ) : 20 multi-bunch not measured
S-band Preinjector Table. 2. Achievement of the Linac
Beam Energy 80[105] MeV
Number of Bunches 2
Bunch Population 2x1010 electrons
Bunch Separation 2.8 na

Table 1 1.54 GeV ATF Linac Parameters
{ [} actual value during 1994 summer run )
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BNL @ 200 MeV Alvarez ') =7 v 7 124 Mutistem 753
A&NJze Alvarez V=7 v 7 O Drift Tube X, % 2 &
TN AMEZERP S, 1AKIZ2AKD Stem EFITH
AXEILEY ., EROFLEECEEIATVWSE, 20
Stem DAELZHR L T Stem Mode &I 5 Passband %
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Alvarez

Multistem structure with three stems per drift tube.

Energy range 17-45 MeV
Stemn diameter for compensation at 200 MHz 2.0-54¢cm
Stem losses/Drift tube and outer wall losses 0.21-0.40
Effective shunt impedance at 200 MHz 43.7-29.9 MQ2/m

Multistem structure with four stems per drift tube.

Energy range 45-100-200 MeVv
Stem diameter for compensation at 200 MHz 2.2-5.8-11.5cm
Stem losses/Drift tube and outer wall Iosses 0.21-0.47-0.86

Effective shunt impedance at 200 MHz 34.6-19.0-8.1 MQ/m

K29 Multistem
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Post-coupled structure,

Energy range

Assumed stem and post diameter for compensation at 200 MHz
Stem and post losses/Drift tube and outer wall losses

Effective shunt impedance at 200 MHz

0.75-45-100-200 MeV
2.0-5.0-5.0-5.0cm

0.49-0.24-0.20-0.19

17.9~33.6-23.3-12.6 MQ/m
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