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Table 1 ; Selected. list of recent electxon linacs used for specialized applications

et

‘Institution Application Energy Maximum Beam Noteworthy features
Manufacturer Length Duty Cycle
and Year of Number and Type Peak Current
Installation of Sections
Frequency
Number and Type
of Power Sources
Argonne National | Radiation- 10-22 MeVv -3 Very short high curren
Laboratory chemistry 5.81 m 1.5% 10 -t pulses
Chicago,USA Photoneutron 2 T™W 2.5 A for 1lOpsec Very low attenuation
ARCO physics 2 klystrons lengh =0.1l1
1970 20 MW Subharmonic bunching
1300.7 Mhz
BAM-Berlin, r-aCtivation 4-36 MeV -3 Flexible repetition
Germany -analysis 5.00 m 1.2x10 rate between 12.5 and
Radiation Dynami | Neutron-radio 2 TW 450mA for 3.2psec| 300 pps
-cs -graphy 1 klystron
1973 Radiation pro 20 MW .
~tection 2856 Mhz |
Euratom,Geel. Neutron produ| 100-150 MeV -3 . flexible repetition
Belgium ~ction for 15.0 m 2.0x10 rate between 250 and
CGR/under reactor reseal| 1 SW, 2 TW 220mA for 2psec © 900 pps
construction ~rch 3 klystrons 9 A for 5 nsec | Very short high curren
13-18 MW .=t pulses
2998 Mhz !
National Physica| Radiation met 10-22 MeV -3 ; Flexible repetition
-1 Laboratory. ~rology 2.00 m 0.7x10 i rate (1-480 pps)
Teddingston. GB 2 T™W 700mA for 3psec | Very short high curren
Radiation Dynami 1 klystron 5 A for 5nsec b -t pulses
-cs 20 MW !
1975 2856 Mhz '
RISO,Roskilde. Radiation res 4.5-15 MeV -3 i Flexible repetition
Denmark -earch 1.60 m 0.8x10 . rate (1-200 pps)
Haimson Research 1 T™W 1.5 A for 4psec very short high curren
Corp. 1 klystron 1.5 A for 1lOnsec ~t pulses }
1976 20 MW ‘ Very low attenuation
2856 Mhz =0.128 nepers
Special H.v. tetrode
with 250 KV between
cathode and anode
5% spectrum for 1.1 A
80% conversion efficie
Tokyo Univsity | Radiation 25-38 MeV ) -3 Flexible repetition
Tokai Japan chemistry 4 m 0.9x10 rate (1-200 pps)
Mitsubishi Denki 2 TW 230mA for 4.5psec| Very short high curren
Corp. 2 klystrons 2 A for 1lOnsec -t pulses )
1977 Neutron produl} -- 10 MW 70 A for single Subharmonic bunching
-ctilOn for 2856 Mhz bunching

reactor resea
-rch




Table 2: Conventional low energy electron linacs for nuclear physics

-
Institution Maximum Energy. Beam pulse length. Special features
Maximum Peak Current. Pepetition rate.
Total Accelerating Beam duty Cycle.
Length. Number and Peak ‘Power
of klystrons.
Cetro Atomico 25 MeVv 1.2 psec
Bariloche, 300 mA 200 ppPs_,
Argentina 3 m 2.4%x10 .
1 / 15 MW
U. of Glasgow, 30 MeV 3.5 psec
UK 500 mA 240 pps_,
3.5 m 8.4 x10
: 1 /25 MW
RTI, Moscow, 30 MeV 0.01 usec Nanosecond high current
USSR i0 A 2400 PpsS_g pulses
8 m 2.5Xx10 ‘
1 / 30 MW
CBPF,Rio de 30 MeV . 3.3 psec 1 Amplitron,
Janeiro, 100 mA 360 pps _4 1 Klystron
Brazil 10 m 1.0x 10
2 /. ?
NRC, Ottawa( 35 MeV ) 3.2 psec
Canada 250 mA ‘180 pPpPsS_,
8 m 6 x 10
1 /20 MW
IDF, Sao Paolo, 50 MeV 1.0 psec
Brazil 10 mA 120 pps -4
6 m 1.0x 10
: 2 / 21 MW
Harwell, UK 55 MeV 2.0 psec
500 mA 200 PPS_,
20 m 4x 10
7 / 8 MW
RTI, Moscow, 60 MeV 5.5 psec Long high current pulses
USSR 1000 mA 50 pps -4
. 20 m 2.7x10
_ 6 / 25 MW
IFK,Giessen, 65 Mev 2.0 psec e+ source under constructi
Germany 400 mA 250 pps -2 -on
8§ m 5.0x 10
1 / 30 MW
IFK, Darmstadt, 70 ev 5.0 psec Energy loss spectrometer
Germany 60 mA 150 pps -4
6.6 m 7.5x 10
1 / 22 MW
Yale University - 70 Mev 4.5 psec L-band,can generate short
USA . . 750 mA 200 pps -4 10 A pulses
5 / 10 MW R
LVK,Gent, 90 MeV 3 psec B‘EU at 400 mA,3 usec
Gelgium 400 mA 300 ppS_, €. source under construct
6 m 9 x10 -ion
2 / 22 MW




Table 3: Conventional medium energy electron linacs for nuclear physics

Institution

Maximum Energy
Maximum Peak Current
Total Accelerating
Length

Beam pulsed length
Repetition rate

Beam duty cycle
Number and Peak Power
of Klystrons ’

Special features

NPGS, Monterey 110 MeV 1 usec
USA 25 mA 60 PPS_g
9m 6 x 10
3/ 20MW
U. of Glasgow 130 MeV 3.5 usec BBU at 300 mA 3.5 usec
UK 300 mA 240 PPS_, E.C.S. under Construction
18 m 8.4 x 10
3/ 25 MW
Harwell 136 MeV 5 usec L.-Bnad
UK 1000 mA 300 PPS_,
24 cm 1.5 x 10
8 /20 MW
NBS,Washington 150 MeV 5 usec L-Band
USA 350 mA 360 pps -3 BBU at 200 mA; 5 usec
30 m 1.8 x 10 can generate short
12 / 5 MW 5 A pulses
Oak Ridge 178 Mev 0.024 usec L-Bnad
USA 20 A 1000 pps _5 Nanosecond high
16.5 m 2.4 x 10 current pulses
4/ 30 MW
JAERI, Tokai 190 MeV 3 usec
Japan 350 mA 300 PPS,
13 m 9 x 10
5/ 20 MW
KhFTi, Kharkov 280 MeV 1.5 usec
USSR 15 mA 50 pps _5
48 m 7.5 x 10
11 / 14 MW
U. of Saskatchewan 280 MeV 1 usec Pulsed stretcher
Canada 300 mA 360 pps -4 "EROS" proposed.
: 20 m 3.6 x 10
6/ 22 MW
IKK, Mainz 350 MeV 4 usec E.C.S.
Germany 250 mA 150 PPS_,
40 m 6 x 10
8 /23 MW
U. of Tohoku 380 MeV 3 usec BBU at 35 mA 3 usec,
Sendai, Japan 120 mA 300 PPS_, E.C.S.
: 54 m 9 x 10
5/ 20 MW
HEPL, Stanford 1200 MeV 1.3 psec No longer operable
30 mA 120 pps -4 at maximum energy
93 m 1.6 x 10
31/ 20 MW
.KhFTi, Kharkov 1500 MeV 1.5 usec e+ source in existence
USSR 25 -mA 50 pps -5 polarized electron source
225 m 7.5 x 10 under construction.
51 / 14 MW Overall improvement plan

under consideration.




Comparison of main parameters of medium energy high duty cycle machines

Table 4:
Institution Maximum Energy Beam pulse length output emittance
Maximum Peak Current Repetition rate
Energy Spectrum Beam duty Cycle
Accelerator length Number and Peak Power
of Klystrons
SACLAY 600 MeV 20 usec 90 % of current
: 42 mA 3000 pps MeV
370 pA (AV) 1% at 600 Mev within 0.01m (——C—)cm
AE _ 0.1 % (5 mA) 2 % at 420 Mev
k170 m 15 / 4 MW
MIT 430 MeV 13 usec 90 % of current
BATES 25 mA 5000 pps MeV
250»3A (AV) 1.8 % _at 430 Mev within 0.0006™ (—v—)cm
AE _ 0.3 % (80 % 5.6 % at 200 Mev
of current) 10 / 4 MW
V153 m
IKO 500 MeV 45 usec 90 % of current
- MEA 20 mA 2000 pps MeV
(under 500 pA (AV) 2 % for 400500 MeV within 0.006I 675—)cm
construction) .03z 4% for 2500400 MeV
(50 % of current) 8 %. for 200250 MeV
180 m 12 / 4 MW
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Table 5: Conventional electron linacs for synchrotron injector
Machine and location Energy - Beam pulse length Construction
: Beam current Repetition rate Synchrotron
Emittance. Number and energy (max.)
Peak power of pulse width
Klystrons Internal Beam
Total Accelerator staff
U. of Tokyo 15 MeV 1 psec 1961
INS 200 mA 21.5 pps 1.3 Gev
Tanashi, Japan 8 mmemrad 4 msec, .
: 4 x 107" part/sec
2 m 1/ 7w 14 person
Bonn 2.5 GeV 25 MeV 1 usec 1967
Synchrotron 250 mA 50 pps 2.5 GeV (300 mA)
Bonn 3 mmemrad 1 msec
Germany 5 x 107" part/sec
19 person
NINA 43 MeV 0.73 sec 1966
Daresbury 500 mA 53 pps 5.2 GeV
UK 3.2 mmemrad 3 msec 13
1.2 x 107 part/sec
110 (inc. exp area)
DESY 500 MeV . 3 usec 1964
Hamburg 200 mA 50 pps 7.5 GeV
Germany (125 mA at 500MHz constant G (2m/3) 3.1 msec
modulation)
2 7 mmemrad 13
5.0 m 12 / 24 MW 2.5 X 107~ part/sec
80
Cornell 12 GeV 150 MeV 2.5 usec 1967
-E.S. 100 mA 60 pps 12.2 Gev
Ithaca, N.Y. 0.16 mmemrad 2 msec, ,
USA 6 x 10
45

+ .
. Table 6: Performance characteristics of the present e linac injectors for colliding beam facilities

Machine and location Energy of e  incident Target material Energy of e+ at
. on et target output of linac
- +
e beam power Nanoamps of e
incident on target within AE/E = 1 %2  _
while injecting per KW of incident e beam
ADONE - 80 MeV copper 380 MeV
Frascati <1 kW 9.4
DESY-DORIS 320 MeV tungsten 320 MeV
Hamburg V1 kW 15
DCI N1 GeV tungsten 1.2 GeV (max.)
Orsay <1 kW 7.1
SLAC-SPEAR 6 GeV tungsten- 2.5 GeV (max.)
Stanford <1 kW phenium
11.1
ALS 85 MeV gold 500 MeV
Saclay 3 kW 13.4




Table 7:

Performance characteristics of the recent linacs for high energy physics

Name of Machine

Maximum Energy

Beam pulse length

Construction date

Institution Maximum Peak Current Repetition rate Total Accelerator
Location Type and Field mode Buty Factor Staff
Accelerating length Frequency
Number and peak of
Klystrons
Mark III 1.2 GeVv 1.3 sec 1964
HEPL of 3.2 mA 120 -4 Mark III in process
Stanford Univ. C.G. (2/3m) 1.6 x 10 of phasing out;
Stanford 31 x3.0m 2856 MHz Staff and operating
USA "31/ 20 MW budget minimal

Orsay E.L.A. 2.3 GevV 1.5 sec 1959
Accelerateur 100 mA 50 -5 energy increase (1969)
Linéaire - Tapered (m/2) 8 x 10
Orsay (14+38) x 6 m 2999 MHz 50 person
France 39 / 20025 MW
SLAC 29.5 GeV 1.6 usec 1962
Stanford by SLED 360
USA at March 1978 -4

22.3 GeV 6 x 10

80 mA 2856 MHs
C.G. (2/3m) 244 [/ 21038.5 MW 1093 person
960 x 3.05 m
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