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Table 2 .; Selected, list of xeceat electron linacs used for specialized applications

Institution 
Manu facturer 
and Year of 
Installation

Application Energy
Length
Number and Type 
of Sections 
Frequency 
Number and Type 
of Power Sources

Maximum Beam 
Duty Cycle 
Peak Current

Noteworthy features

Argonne National 
Laboratory 
ChicagorUSA 
ARCO 
1970

Radiation-
chemistry
Photoneutron
physics

10-22 MeV 
5. 81 m 
2 TW 

2 klystrons 
20 MW 
1300.7 Mhz

1.5>f 丄(Г3 
2.5 A for lOĵ sec

Very short high curren 
-t pulses
Very low attenuation 
lengh =0.11 
Subharmonic bunching

BAM-Berlin#
Germany
Radiation Dynami 
-cs 
1973

У-activation 
-analysis 
Neutron-radio 
-graphy 
Badiation pro 
-tection

4-36 MeV 
5.00 m 
2 TW 

1 klystron 
20 MW 
2856 Mhz

1.2x10一3 
450mA for 3.2}isec

І

Flexible repetition 
rate between 12.5 and 
300 pps

I '

Euratom,Geel.
Belgium
CGR/under
construction

Neutron produ 
-ction for 
reactor resea 
-rch

100-150 MeV 
15.0 ш 

1 SW, 2 TW 
3 klystrons 
13-18 MW 
2998 Mhz

2.0xl0~3 
220mA for 2)isec 
9 A for 5 nsec

!■ ■ ■ ' -— — 一一.—； 
flexible repetition 
rate between 250 and 
900 pps 

I Very short high curren 
-t pulses

National Physica 
-1 Laboratory. 
Teddingston. GB 
Radiation Dynami

1975

Radiation met 
-rology

10-22 MeV 
2.00 m 
2 TW 

1 klystron 
20 MW 
2856 Mhz

0.7к1(Г3 
700mA for 3psec 
5 A tor 5nsec

Flexible repetition 
rate (1-480 pps)
Very short high curren 
-t pulses

RISOfRoskilde. 
Denmark
Haimson Research 
Corp.
1976

Radiation res 
-earch

4.5-15 MeV 
1*60 m 
1 TW 

1 klystron 
20 MW 
2856 Mhz

0.8x10-3
1.5 A for 4psec
1.5 A for lOnsec

Flexible repetition 
rate (1-200 pps) 
very short high curren 
-t pulses
Very low attenuation 
=0.128 nepers 
Special H.v. tetrode 
with 250 KV between ： 
cathode and anode 
5% spectrum for 1.1 A 
80% conversion efficie 
-cy

Tokyo Univsity 
Tokai Japan 
Mitsubishi Denki 
Corp.
1977

Radiation
chemistry

Neutron produ 
-ctiOn for 
reactor resea 
-rch

25-38 MeV 
4 m 
2 TW 

2 klystrons 
10 MW 
2856 Mhz

О.ЭхЮ-3 
230mA for 4. 5fisec 
2 A for lOnsec 
70 A for single 
bunching

Flexible repetition 
rate (1-200 pps)
Very short high curren 
-t pulses
Subharmonic bunching
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Table 2: Conventional low energy electron linacs for nuclear physics

Institution Maximum Energy• 
Maximum Peak Current, 
Total Accelerating 
Length.

Beam pulse length. 
Pepetition rate.
Beam duty Cycle. 
Number and Peak Power 
of klystrons.

Special features

Cetro Atomico 
Bariloche, 
Argentina

25 MeV 
300 mA 

3 m

1.2 |isec 
200 pps_4 
2.4 X 10 
1 / 15 MW

U. of Glasgow, 
UK

30 MeV 
5 0 0 mA 
3,5 m

3.5 psec 
240 pps“ 
8.4 x 10 4 
1 /25 MW

RTI, Moscow, 
USSR

30 MeV 
10 A 
8 m

0.01 usee 
2400 pps_5

l ' / 30 MW

Nanosecond high current 
pulses

CBPF,Rio de 
Janeiro, 

Brazil

30 MeV 
100 mA 
10 m

3.3 psec 
360 pps 
1.0 X 10 

2 / ?

1 Amplitron, 
1 Klystron

NRC, Ottawa, 
Canada

35 MeV 
250 mA 

8 m

3.2 psec 
180 pps-4 
6 X 10 

1 /20 MW

IDF, Sao Paolof 
Brazil

50 MeV 
10 mA 
6 m

1.0 psec 
120 pps —4 
1.0 x 10 

2 / 21 MW

Harwell, UK 55 MeV 
500 mA 
20 m

2.0 jisec 
200 pps_4 

4X10 
7 / 8 MW

RTIf Moscowf 
USSR

60 MeV 
1000 mA 
20 m

5.5 psec 
50 pps _4 
2.7 X 10 
6 / 25 MW

Long high current pulses

IFK,Giessen, 
Germany

65 Mev 
400 mA 
8 m

2.0 psec 
250 pps _4 
5.0 X 10 

1 / 30 MW

e+ source under constructi 
-on

f
IFK, Darmstadt, 
Germany

70 eV 
60 mA 
6.6 m

5.0 fisec 
150 pps 
7.5« 10 4 

1 / 22 MW

Energy loss spectrometer

Yale University 
USA

70 MeV 
750 mA

15 m

4.5 jisec
200 pp名
9.0 x 10 
5 / 10 MW

L-bandrcan generate short 
10 A pulses

LVK,Gent,
Gelgium

90 MeV 
400 mA 

6 m

3 psec 
300 pps 

9 % 10 
2 / 22 MW

BBU at 400 mA,3 usee 
で source under construct 
-ion
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T ab le  3: C o n v e n t io n a l medium energy e le c t r o n  l in a c s  f o r  n u c le a r  p h y s ic s

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 usee

USA 25
9

mA
m

60 pps _
6 x 10づ

3 / 20 MW

U. of Glasgow 130 MeV 3.5 ysec BBU at 300 mA 3.5 ysec
UK 300

18
mA
m

240 pps_4 

3 / 25 MW

E .С.S . under Construction

Harwell 136 MeV 5 ysec L._Bnad
UK 1000

24
mA
cm

300 pps ' 
1.5 x 1(TJ 
8 / 20 MW

NBS，Washington 150 MeV 5 ysec L-Band
USA 350 mA 360 pps q 

1.8 x 10 J 
12 / 5 MW

BBU at 200 mA; 5 ysec
30 m can generate short 

5 A pulses

Oak Ridge 178 MeV 0.024 ysec L-Bnad
USA 20 A 1000 pps с 

2.4 x 10 
4 / 30 MW

Nanosecond high
16.5 m current pulses

JAERI, Tokai 190 MeV 3 ysec
Japan 350

13
mA
m

300 pps,
9 x 10 4 
5 / 20 MW

KhFTi, Kharkov 280 MeV 1.5 ysec
USSR 15 mA 

48 m
50 pps 

7.5 x 10"^ 
11 / 14 MW

U. of Saskatchewan 280 MeV 1 ysec Pulsed stretcher
Canada 300

20
mA
m

360 pps , 
3.6 x 10'4 
6 / 2 2  MW

"EROS" proposed.

IKK, Mainz 350 MeV 4 ysec E • С • S •

Geirmajiy 250 inA 150 pps .
〜40 m 6 x 10'

8 / 23 MW

U. of Tohoku 380 MeV 3 ロsec BBU at 35 mA 3 Usee,

Sendai， Japan 120
54

tnA
m

300 pps .
9 x 10 
5 / 20 MW

Б • С • S о

HEPL, Stanford 1200 MeV 1.3 ysec No longer operable

30
93

mA
m

120 pps .
1.6 x 10 4 
31 / 20 MW

at maximum energy

KhFTi, Kharkov 1500 MeV 1.5 ]isec
+
e source in existence

USSR 25 mA 50 pps _ 
7.5 x 10~D
51 / 14 MW

polarized electron source

225 m under construction. 
Overall improvement plan 
under consideration.



T a b le  4: Com parison o f  m ain pa ram eters  o f  medium energy higjh du ty  c y c le  m achines

Institution Maximum Energy 
Maximum Peak Current 
Energy Spectrum 
Accelerator length

Beam pulse length 
Repetition rate 
Beam duty Cycle 
Number and Peak Power 
of Klystrons

output emittance

SACLAY 600 MeV 
42 mA 

370 yA (AV)

Щ = 0.1 % (5 mA) 
乇170 m

20 ysec 
3000 pps

1 % at 600 MeV

2 % at 420 MeV 
15 / 4 MW

90 % of current 

within 0. 0І7Г (^~) cm

MIT
BATES

430 MeV 
25 mA 

2 5 0 ^ A  (AV)

^ |  = 0.3 % (80 % 
of current)

〜153 m

13 ysec 
5000 pps 

1.8 % at 430 MeV

5.6 % at 200 MeV 
10 / 4 MW

90 % of current 

within 0.00067Г ( ^ ) c m

IKO
MEA
(under

construction)

500 MeV 
20 mA 

500 yA (AV)

1 = 0 . 3 %

(50 % of current) 

180 m

45 ysec 
2000 pps 

2 % for 400〜500 MeV

4 % for 250〜400 MeV

8 % for 200〜250 MeV

12 / 4 MW

90 % of current 

within 0.00611 (~^)cm

次 Iく, Шл V ン ク с j D ン П入射麵 し て 爻 Ф Г” ，霞 f 卿 卯 И ?  , ГЛІе S 

(二 f l l i しれ。慮 } 線 形 辦 痕 操 ^ , 博 洗^  fe7 冷 の ガ 奍 f  к脅 / ^  ѵ т “ のて . : РІ 

€ 1 し て к翁 伽 ^ Йл、吹 得 И З 樣 マ %  V、 そめ例 кして!>b S r  ^ 0  0 

МеѴ/め入來务ク' あ V 。 ^  / Т Л  6卞 爲 丨 ヒ 愛 ； と л Ct>U'd;m》ЬぞЛ4И湖走Л卜のA  

弟 ♦ を ，?1$L u Гс。 Т̂сЫе々  > こItf 欠取!命 令 仰 ^ 暴 ^ 犄 格 象 І %  i n してU  •

夂雙卯像 '系4 : 於 р  ^ Ж І І Ш п г СІ) ѣ е 如 hUoj  Kjupテす策， с心 奴 辣 5：郁 嬖 І I ^ 

么女良め確た， СИ) S4^v1 uu|> の ®:邕ィ匕 Ciり Ѵ ІЩ Ч  г; rr s и  й  A  ж ^

莓でぁっт“ ふ〜(;m?, #尊枚つ翁後(с фѵて醉琰すj文句でぁу, 杉そйЛ»А ̂ fo U/レ*р 1す 
ビしム、案条牙、のII、ftで解珠す？ tず?]で連-めらф<ていて:。

S L A c い於す > エネ）レギ'一增痕のт/ 5 ч丨てつ1丨"X汀, 大嚷爹味东いものШ ，丁:

4-0 ИѴА/め KIダ$十\ ^ _ め麻 ]乾'ヮ、ら氣作 i  % ^ ； S L E  D の Гこめのて久\バt y の髮作

Щ1Щ  Ш  ノ f  I rc l]F f  f  tT フて、、1^

最也は，し С І (Х іл іТ ^  1 バ赘丨フ И М  i 2 l о  o u d 4 e  の p o s  T t^ to ^  ov^o^w'tb v  tA4'/(天时

\ ，周

3 4A I

- 9 8 -



T a b le  5: C o n v e n t io n a l e le c t r o n  l in a c s  f o r  s y n ch ro tro n  in j e c t o r

Machine and location Energy
Beam current 
Emittance.

Beam pulse length 
Repetition rate 
Number and 
Peak power of 
Klystrons

Construction
Synchrotron
energy (max.)
pulse width
Internal Beam
Total Accelerator staff

U. of Tokyo 15 MeV 1 ysec 1961
INS 200 mA

mm emrad
21.5 pps 1.3 GeV

Tanashi, Japan 8 4 msec--
4 x 10 part/sec

2 m 1 / 7 MW 14 person

Bonn 2.5 GeV 25 MeV 1 ysec 1967
Synchrotron 250 mA 50 pps 2.5 GeV (300 mA)

Bonn
Germany

3 mm*mrad 1 msec”
5 x 10 part/sec 
19 person

NINA 43 MeV
mA

0.73 sec 1966

Daresbury 500 53 pps 5.2 GeV

UK 3.2 mm*mrad 3 msec n
1.2 x 10 part/sec
110 (inc. exp area)

DESY 500 MeV • 3 ysec 1964

Hamburg 200 mA 50 pps 7.5 GeV

Germany (125 mA at 500MHz 
modulation)
2 тг mi m r a d

constant G (2tt/3) 3.1 msec

13
2.5 x 10 part/sec 
80

5.0 m 12 / 24 MW

Corn e l l 12 GeV 150 MeV 2.5 ysec 1967

E.S. 100 mA 60 pps 12.2 GeV

Ithaca, N.Y. 
USA

0.16 mm.mrad 2 msec” 
6 x 10±Z 
45

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

Machine and location Energy of e incident 
on e十 target 
e beam power 
incident on target 
while injecting

Target material

Nanoamps of e
within ЛЕ/Е = 1 %
per KW of incident e beam

Energy of e+ at 
output of linac

ADONE 80 MeV copper 380 MeV
Frascati <1 kW 9.4

DESY-DORIS 320 MeV tuttgsten 320 MeV
Hamburg 〜1 kW 15

DCI 〜1 GeV tungsten 1.2 GeV (max.)

Orsay <1 kW 7.1

SLAC-SPEAR 〜6 GeV tungsten- 2.5 GeV (max.)

Stanford <1 kW phenium
и 1

ALS 85 MeV gold 〜500 MeV

Saclay 3 kW 13.4



T a b le  7: Pe rfo rm ance  c h a r a c t e r i s t i c s  o f  th e  re c e n t  l in a c s  f o r  h ig h  energy p h y s ic s

Name of Machine
Institution
Location

Maximum Energy 
Maximum Peak Current 
Type and Field mode 
Accelerating length

Beam pulse length 
Repetition rate 
Buty Factor 
Frequency
Number and peak of 
Klystrons

Construction date 
Total Accelerator 
Staff

Mark III 1.2 GeV 1.3 sec 1964
HEPL of 3.2 mA 120 . 

1.6 x ісГ4
Mark III in process

Stanford Univ. C.G. (2/Зтг) of phasing out;
Stanford 31 x 3.0 m 2856 MHz Staff and operating

USA 31 / 20 MW budget minimal

Orsay E.L.A. 2.3 GeV 1.5 sec 1959
Accelerateur 100 mA energy increase (1969)
Lineaire Tapered (тг/2)
Orsay
France

(1+38) x 6 m 2999 MHz 
39 / 20〜25 MW

50 person

SLAC 29.5 GeV 1.6 ]isec 1962
Stanford
USA

by SLED 
at March 1978 

22.3 GeV 
80 mA

360

-4
6 x 10 

2856 MHs
C.G. (2/Зтг) 

960 x 3.05 m
244 / 21〜38.5 MW 1093 person
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