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Forward 

F o r  a number of years  an information file on cyclotrons has  
Data sheets were first been maintained he re  at the Laboratory. 

prepared for fixed-frequency (FF) and frequency-modulated (FM) 
cyclotrons. 

accelerators  were added. 

to obtain recent verified data for all cyclotrons and other high- 
energy machines. 
which we had addresses .  

except fox some delay in re turns  f rom the countries of eastern 

EurJpe.  
and reliable data may be available for these installations. 

More recently data sheets for other high-energy 

Since last May an attempt has been made 

Questionnaires were sent to  all laboratories f o r  

The response has  been uniformly good, 

It is to be hoped that in any future edition more  detailed 

Data supplied in the questionnaires were edited only enough to 

provide some unformity in terminology and thus to avoid possible 

misinterpretations. 

defined on page 2. In a few cases  additional information w a s  ob- 

tained f rom published sources .  Where the questionnaire w a s  not 
returned by publication t ime, data accumulated f rom journals, p r e s s  

re leases ,  and personal  communications a r e  given. 'The wri ter  takes 
no responsibility for these unverified data; the status of the machine 
may  have changed, and in some cases  the present  location o r  even 

existence of the machine may be in e r r o r .  

Some of the terms and abbreviations used are 

We w i l l  continue to attempt to maintain up-to-date files on the 

We would appreciate many medium and high-energy accelerators  e 

any additional information ( o r  correct ions)  on existing accelerators  
and any data on new installations or  on machines which may have been 
omitted. If, at a la te r  date, it appears  desirable a new edition of the 
Directory w i l l  be prepared.  
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SUMMARY 

In all, 140 cyclotrons and other high-energy accelerators  a r e  

Verified data a r e  provided for  108 of these; the amount reported, 
of data available for the remainder var ies .  

nuclear studies are being pursued is indicated by the large number 
of machines (50) now under construction, being designed, or  subject 

to serious study. 

The vigor with which 

Built 

FFC 

FMC 
PS 
ES 
Linac -e  

Linac -p 
Linac -h 

56 
18 

5 
2 

1 
5 
3 

b 

Summary Table 

C ons tr e Design 

11 5 
0 0 

1 0  0 

7 2 
1 1 
.n, 1 
1 0 

Study 

4 

0 
2 

0 

1 
0 

0 

Total 

76 

18 
17 

11 
4 

1 0  

4 

Totals 90 34 9 7 140 

An examination of the entries for these new machines suggests 
the ingenuity with which concepts of cyclic magnetic field configu- 
rations are being applied to accelerator design. In the low-medium 
energy range the FF cyclotron is being provided with an  azimuthally 
varying magnetic field and a choice of frequencies for the acceleration 
of severa l  ions to various energies and for  operation at relativistic 
energies. The alternating gradient principle is being used to  

markedly increase the energy of both proton and electron synchrotrons. 
Apparently no new F M  cyclotrons are being developed. 

c 
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Intermetation of Tables 

Column 1. Types oi Machines 

F F C  - fixed-frequency cyclotrons, all 
FMC - frequency-modulated cyclotrons, all 
PS - proton synchrotrons, all 
ES - electron synchrotrons, E Z 0 . 5  Gev 
Linac - l inear accelerators  

for electrons,  E 2 0. 5 Gev 
for protons, E 10  Mev 
for heavy ions, E 2 100 Mev 

Column 2. Dimensions 
FFC and FMC - diameter of pole tip 
PS and ES - radius of orbit 
Linac - length of tank ( 6 )  

Columns 3 and 4. 
The apparent basic design energy for the given par t ic le  is listed; 

other energies and particles often possible, see  data sheets .  Usual 
symbols for protons, deuterons, and electrons; h for  heavy ions. 

Energy and Par t ic le  

Column 5. Status 
built - machine has  produced accelerated par t ic les  
constr .  - machine is in construction stage 
design - engineering design is being prepared 
study - preliminary study is being made of design feasibility 

and requirements 

Svmbols used 
ag - alternating gradient 
cg - constant gradient 
avf - azimuthally varying field 
h - heavy ions * - variable energy ** - data not verified, No data sheet was received for this 

The data given were obtained f rom journals 
p r e s s  re leases ,  and personal  communications. 

machine. 
ar t ic les  

In conformity with international usage the following prefixes a r e  used: 

G - giga- 1 o9 
M - mega- 106 
k - kilo- 103 
m - milli- 10-3 
p - micro-  10-6 
n - nano- 10-9 
p - pico- 1 0 - l 2  

a 

In all cases ,  the period (. ) is used for the decimal and the c o m a  (, ) 
to se t  off large numbers.  
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GENERAL DIRECTORY 

Nat. Com. of Atomic Energy, Buenos Aires  

FMC 71 -in. 30-Mev d 

A US TRA LIA 

Australian National University, Canber ra  

F F C  31-in. 8-Mev 
PS 4-8 -m 10.6-Ge 

University of Melbaurne, Victoria 

FFC 40-in. 11 -MeV 

BELGIUM 

University of Louvain, Louvain 

FFC 102-cm 13-Mev 

BULGARIA 

, Sofia 

F F C  120-cm 12. 5-Mev 

CANADA 

P 

P 

P 

d 

d 

built 

built 
constr .  

built 

built 

** 
constr ,  

1 9  
21 1 

21 

23 

25 

McGill' University, Montreal 

FMC 82-in. 1 00-Mev 
U. of Manitoba, Winnipeg 

FFC avf 
CERN, Geneva 

- I 

FMC 5-m 600-Mev 

psag 70-m 28-Gev 

C HINA 

P built 175 

- design ** 

P built 177 

P cons tr . 21 3 

Institute of Atomic Energy, Peiping 

FFC 120-cm 12. 5-Mev 

See page 2 for  key to  tables 

d 
I 

built 27 
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CZECHOSLOVAKIA 

Inst, for  Nuclear Physics Research, Prague 
** 

built FFC 120-cm 12,5-Mev d 

DENMARK 

University of Copenhagen, Copenhagen 

built 31 FFC 90-cm I. 2-Mev d 

FRANCE 

Center of Nuclear Studies, Saclay 

33 

21 5 
d (h) built 
P built 

FFC 180-cm 22-Mev 

PS 8,4-m 3-Gev 

Nuclear Physics  Laboratory, Orsay  

35 
37 

179 

FFC 35.5-in. 7-Mev d 

FFC 200-cm 20-Mev* d 

FMC 280-cm 155-Mev P 

built 
c ons tr . 
built 

High Energy and Solid Physics Lab. Orsay 

Linac 1 -Gev e constr .  271 

GERMANY 

Universitv of Bonn, Bonn 

181 

247 
33-Mev d built FMC 75-in0 

ES 170-cm 0.5-Gev e constr ,  

Central  Inst. for Nuclear Research,  Dresden 

39 FFC 120-em 12,5-Mev d built 

Deutches Electronen Synchrotron, Hamburg 

constr .  249 ES 
ag 

9-m 7. 5-Gev e 

Max Plank Institute Heidelberg 

41 built FFC 101-cm 13-Mev d 
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ISRAEL 

Hebrew University, Jerusalem 
(Page) 

43 
4 96 * 

constr  . FFC -I 2-Mev 

ITALY 

P 

National Inst. of Nuclear Physics I Frasca t i  (Rome) 

ES 3 , 6 - m  1 ,  2-Gev e cons tr . 251 

J A P A N  

University of Kyoto, Kyoto 

FFC 105-cm 15-Mev built 

built 

45 

47 

Osaka University, Osaka 

FFC 44-in. 12-Mev 

University of Tokyo, Tokyo 
* 

FFC 160-cm 21 -MeV 

4 

d 
e 

built 
constr .  

49 
253 ES 

ag 
4-m 1 3-Gev 

Scientific Research Institute, Tokyo 

d built 51 FFC 25-in, 4-Mev 

Inst. for Solid State Phvsics .  Tokvo 
* 

FFC 16-in. 2-Mev d built 53 

N E T  HER LANDS 
~ 

Institute fo r  Nuclear Research,  Amsterdam 

FMC 180-cm 28-Mev d 

Technical University, Delft 

FFCavf 85-cm 12-Mev 

PS 3, 25-m 1 -Gev 

built 183 

built 

constr .  

55 

217 

P 

P 
e 
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POLAND 

Institute of Nuclear Research,  Cracow 
~ 

F F C  50-cm -- - 
FFC 120-cm 12,5-Mev d 

** 
built 4 57 

59 
** 

built 

Central  Pol ish Nuc, Res. Inst., Warsaw 

Linac - Y  1 0-Mev P 
** 

built 281 

RUMANIA 

, Bucharest 
. ** 

con& . 61 FFC 120-cm 12.5-Mev d 

SWEDEN 

University of Lund, Lurid 

255 ES 
ag 

3.65-m 1. 2 - G e ~  e constr  

Nobel Institute of Physics ,  Stockholm 

63  
65 

FFC 80-em 7-Mev d built 

FFC 225-cm 22-Mev d (h) built 

Gustaf Werner Institute, Uppsala 

185 FMC 230-cm 20 0- Mev P built 

SWITZERLAND 

Federa l  Institute of Technology, Zurich 

67 

69 
14-Mev d built FF 33-in, 

h study * 
300-cm > 1 00-Mev FFavf 

UNION O F  SOUTH AFRICA 

Council for Sci. and Ind. R e s , ,  P re to r i a  

F F C  45-in. 16-Mev d built 71 
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USSR 

Joint Nuclear Research Institute, Dubna 

4 ** 
FFC 300-cm > l o 0  Mev h cons tr . 73 

187 
21 9 

** 
** FMC 6-m 680-Mev P built 

PS 28-m 1 0-Gev P built 

Ukranian Technical Institute Kharkov 
** Linac 12 ,4-m 21-Mev P built 

Linac e- 1 -Gev e design 
Linac e- > 1 00-Mev h built** 

** 283 

273 

303 

Ukranian Physical  Institute, Kiev 
** 

FFC -I 14-Mev d built 75 

Leningrad University, Leningrad 
** 

FFC 76-cm 4-Mev d built 

FFC 120-cm 12. 5-Mev d constr  . ** 
77 

79 

Physical-Technical Institute 3 Leningrad 
** 

FFC 120-cm 25-Mev h built 81 

Radium Institute, Leningrad 
** 

FFC 35-cm 2-Mev d built 83 

Res Inst. of Electro-physical Instruments , Leningrad 

constr .  ** PS 5-m 650-Mev P “g 
221 

223 ** 
PS 167-m 50-Gev P cons tr . ag 

Atomic Energy Institute, Moscow 
** built ** FFC 150-cm 22-Mev d (h) 

ES 34-cm 1-Gev e de sign 

85 

257 

Lebedov Institute, Moscow 
** 

constr .  ES _ I  0.6-Gev e 259 
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USSR (Continued) 

Thermotechnical Institute, Moscow 
** 

built 4 87 

225 
FFC 120-cm 14-Mev d ** 

constr ,  PS 
ag 

40-m 7 - G,ev P 
** 

constr .  28 5 20-Mev P Linac I- 

Moscow Physical  Institute, Moscow 
** 

built 287 40-Mev P Linac - 6  

Location not c l ea r  
de sign ** 261 

ESag 4-Gev e 

UNITED KINGDOM 

University of Birmingham, Birmingham 

89 40-in. L2-Mev d c o m  tr . 
FFCavf 

91 F F C  62-in. 20-Mev d (h) built 
built 

** 
PS 5-m 1 -Gev P 227 

Atomic Energy Research Establishment, Harwell 

189 FMC 11 0-in. 175-Mev P built 

Rutherford High Energy Laboratory, Harwell 

229 
289 

constr .  
Linac e- 50-Mev P constr  . ** 
PS 18.8-m 7-Gev P 

University of Liverpool, Liverpool 

93 
191 

F F C  36-in. 9-Mev d built 

FMC 156-in. 400-Mev P built 

Medical Research Council, London 

95 F F C  50-in. 15-Mev d built 

University of Manchester, Manchester 

305 Linac 90-ft > 100-Mev h cons tr . 
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UNITED STATES 

Argonne Nat. Lab. , Lemont, 111. 

4 FFC 62-in. 22-Mev d built 

constr ,  PS 7 L f t  12.5-Gev P 
Linac 11 0-f t  50-Mev P design 

Brookhaven Nat. Lab. , Upton, New’ York 

F F C  18-in. 3-Mev P built 
F F C  627i.n. 20-Mev d built 

PS 30-ft 3-Gev P built 
PS 280-ft 30-Gev P canstr .  

Linac 11 0-ft 50-Mev P c ons t r . ag 

University of California, Berkeley, G a l .  
* 

88-in, 11 5-Mev p (h) design FFCavf 

FFC 7 2-in 24-Mev d (h) built 
FMC 189-in. 730-Mev P built 
PS 50-ft 6.2-Gev P built 
Linac 20-ft 1 0-Mev P built 
Linac 1 0 5-ft >loo-Mev h built 

University of California, Livermore,  Cal. 
* 

F F C  90-i.11, 15-Mev P built 

University of California, Los Angeles, G a l ,  

built FMC 41 -in. 21 -MeV P * 
FFCavf 44-in. 50-Mev P constr .  

University of Southern California, Los Angeles, Cal ,  

Linac 41-ft 32-Mev P c ons tr . 
California Institute of Technology, Pasadena, Cal. 

ES i48-in. 1. 2-Gev e built 

97 
23 1 

29 1 

99 
101 

233 
23 5 

29 3 

103 

105 

193 
23 7 

29 5 
307 

107 

195 
109 

297 

263 
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UNITED STATES (Continued) 

Carnegie Institute of Technology, Pit tsburgh, Pa. 

FMC 1 4 1 -in . 44 0 - Mev P built 

Carnegie Institution, Washington, D, C. 

d built F F C  60-in. 16-Mev 

University of Chicago, Chicago, Ill. 

FMC 170-in. 460-Mev P built 

University of Colorado, Boulder, Col. 

52-in. 30-Mev P cons tr . FFC avf 

Columbia University, New York, N. Y. 

built 

FMC 164-in. 3 85-Mev P built 

* 
FFC 36-in. 15-Mev P 

Cornel1 University, Ithica, New York 

150-in. 1.5-Gev e built ES 

University of Flor ida,  Gainesville, Fla. 

120-in. 4 0 0 - Mev P study FFC avf 

Harvard University, Cambridge, M a s s .  

FMC 95-in, 168-Mev P built 

ES (Joint project  with Mass.  Inst. of Tech.) 
"g 

Howard College, Birmingham, Alabama 

FFC 16-in. 4-Mev P constr .  

University of Illinois , Urbana, Ill. 
* 

44-in, 14-Mev P 'FCavf 
constr .  

115 

201 

265 

117 

203 

267 

119 

123 
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UNITED STATES (Continued) 

University of Indiana, Bloomington, Ind. 

FFC 45-in, 12-Mev d built 

Los Alamos Sci, Lab, , Los Alamos, N. M. 

42-in. 16 -MeV* d built FFCavf 

Mass.  Institute of Technology, Cambridge, Mass.  

FFC 43-in, 16-Mev d built 
ES 86-ft 6-Gev e cons tr . 

ag 

University of Minnesota, Minneapolis , Minn. 

Linac 98-ft 68-Mev P built 

Midwest Universities Res, Assn. , Madison, Wise 

PS 600-ft 15-Gev P study 

University of Michigan, Ann Arbor ,  Mich. 

F F C  42-in, 10-Mev d built 

FFCavf 83-411. 40-Mev d design 
* 

Michigan State University, East Lansing, Mich. 

64-in. FFCavf 
* 40-Mev design 

Nat ’ l .  Aero. and Space Adm. , Cleveland, Ohio 

FFC 6 0-in. 20-Mev d built 

U,S, Naval Rad, Def. Lab. , San Francisco,  G a l .  
* 

FFCavf 70-in, 70-Mev P study 

127 

129 
267 

299 

239 

131 
133 

135 

137 

139 
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UNITED STATES (Continued) 

Oak Ridge Nat'l. Lab, , Oak Ridge, Tenn. 

FFC 44-in. 5-Mev P built 
FFC 63-in. 27-Mev N3+ built 
F F C  86-in. 25-Mev P built 

FFCavf 76-in. 75-Mev* p (h) design 

141 

143 
145 

147 

17- f t  FFCavf 8 50-Mev P study 149 

PS 
ag 

142-it 12-Gev P study 24 1 

Ohio State University, Columbus, Ohio 
~~ 

FFC 47-in. 12-Mev d 

Oregon State College, Corvall is ,  Ore ,  

FFC 37-in. 7.5-Mev d 

Universitv of Pennsvlvania 

built 151 

153 built 

243 PS (Joint project  with Princeton University) 

University of Pit tsburgh, Pit tsburgh, Penna. 

FFC 4 7 - i ~  20-Mev d 155 built 

Princeton University, Princeton, N. J,, 
~ - -~ 

FMC 35-in. 20-Mev P 
P S  30-ft 3-Gev P 

205 
243 

built 
constr .  

Purdue  University, Lafayette, Ind. 

FFC 37-in. 10-Mev d 157 built 

University of Rochester,  Rochester,  N. Y. 
* 

FFC 26-in. 8-Mev P 
FMC 13 0-in. 240-Mev P 

built 

built 
159 
207 
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UNITED STATES (Continued) 

Stanford University, Stanford, Cal. 

F F C  27-in. 3-Mev d built 

Linac 220-ft 700-Mev e built 

Linac 10,000-ft 45-Gev e study 

University of Washington, Seattle, Wash. 

161 

275 

277 

- 

F F C  6OFin, 22-Mev d built 

Washington University, St, Louis, Ado, 

F F C  45-in. 1 0-Mev d built 

Yale University, New Haven, Conn. 

163 

165 

~ ~- - 

F F C  28-in. 4-Mev d built 
Linac 1 0 5 4  NOO-Mev h built 

Y UGO SLA VIA 

Ruder Boskovic Institute, Zagreb 
* F F C  56-in, 16-Mev ** 

built 

167 

309 

169 
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FIXED-FREQUENCY CYCLOTRONS 

Australia 

Belgium 

Bulgaria 

China 

Czechoslovakia 

Denmark 

France  

Sac lay 
Orsay 
Orsay  

Germany (E) 

Germany ( W )  

I s r ae l  

Japan 

Kyoto 
Osaka 
Tokyo 
Tokyo 
Tokyo 

Netherlands 

Poland 

Rumania 

Sweden 

Switzerland 

3 1 -in. 
40-in. 

102-cm 

120-cm 

120-cm 

120-cm 

90-cm 

180-cm 
36-in, 
200-cm 

120-cm 

101-cm 

- 0  

105-cm 
44-in, 
160-cm 
25-in. 
16-in. 

85-cm 

50-cm 
120-cm 

120-cm 

80-cm 
225-cm 

334.n. 
300-cm 

Union of S. Africa 45411. 

8-Mev 
1 1 -MeV 

13-Mev 

12.5-Mev 

12.5-Mev 

12.5-Mev 

12-Mev 

22-Mev 
7-Mev 
2O-Mev* 

12.5-Mev 

13-Mev 

2-Mev 

15-Mev 
12-Mev 
21 -MeV* 
4-Mev 
2-Mev* 

12-Mev 

-- 
12.5-Mev 

12.5-Mev 

7-Mev 
22-Mev 

14-Mev 
)lOO-Mev* 

16-Mev 

P 
P 

d 

d 

d 

d 

d 

d th) 
d 
d 

d 

d 

P 

d 
d 
d 
d 
d 

P 

- 
d 

d 

d 
d th) 

d 
h 

d 

built 
built 

built 
** constr .  

** 
built 

built ** 
built 

built 
built ** 
c ons tr 

built 

built 

** constr .  

built 
built 
built 
built 
built 

built 
** 

built 
built ** 

$c >:c 
cons t r  . 
built 
built 

built 
study 

built 

(Page)  
19 
21 

23 

25 

27 

29 

31 

33 
35 
37 

39 

41 

43 

45 
47 
49 
51 
53 

55 

57 
59 

61 

63 
65 

67 
69 

71 

See page 2 fo r  key to tables 
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F-F Cyclotrons (Conto ) 

USSR 

Dubna 
Kiev 
Leningrad 
Leningrad 
Leningrad 
Lening r a d  
Moscow 
Moscow 

United Kingdom 

Birmingham 
Birmingham 
Live rp o 01 
London 

United States 

Argonne 
Brookhaven 

UCRL 

UCRL/L 
UCLA 
Carnegie 
Colorado 
Columbia 
Florida 
Howard 

Illinois 
Indiana 

Los Alamos 

MIT 

300-cm 

76-cm 
120-cm 
120-cm 
35-cm 
150-cm 
120-cm 

-- 

40-in0 
62-in. 
36-in. 
50-in. 

62411. 

62-in. 
18-in. 

72-in. 
88-in. 
90=-in, 

44-in, 
60-in0 
52-in. 
36-ine 
120-in. 
16-in. 
44-in, 

45-in0 
42-in. 

43-in. 

100-Mev 
14-Mev 
4-Mev 
12. 5-Mev 
25-Mev 
2-Mev 
22-Mev 
14-Mev 

12-Mev 
20-Mev 
9-Mev 
15-Mev 

22-Mev 

3-Mev 
20-Mev 

24-Mev 
11 5-Mev" 

15-Mev" 

50-Mev* 
16-Mev 
30-Mev 

15=Mev* 
400-Mev 
4-Mev 
14-Mev* 

12-Mev 
16-Mev* 

16-Mev 

** 
constr .  
bui It ** 
built"* 
constr  ** 
built **- 
built:: 
built 
built** 

constr .  
built 
built 
built 

built 
built 
built 
built 
design 

built 
constr  . 
built 
constr  
built 

study 
constr .  

constr ,  

built 
built 
built 

73 
75 
77 
79 
81 
83 
85 
87 

89 
91 
93 
95 

97 
99 

101 
103 
105 

107 

109 
111 
113 
115 
117 

119 
123 

125 
127 

129 
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F-F Cyclotrons (Cont. ) 

United States (Continued) 

Mi6 hig an 42-in. 
64-in. 
834x3. 

10-Mev 
4 0 - M ev” 
4O-Mev* 

d 

d 
P 04 

built 
design 
design 

built 

131 
133 
135 

137 

139 
141 
143 
145 
147 
149 
151 

153 
155 
157 

159 
161 

NASA 6 0 - i ~ .  20-Mev 
701Mev* 

d 
NRDL 70-in. study 

built 
built 
built 
design 
study 
built 

built 
built 
built 

built 
built 

P 
ORNL 44-in. 

63-in. 
86-in. 
76-in. 
17-ft 

5-Mev 
27-Mev 
25-Mev 
75-Mev* 
850-Mev 

P 
N3+ 

P 
d Ohio 47-in. 12-Mev 

Oregon 37-in. 

Pittsburgh 4741-1. 
7.5-Mev d 
20-Mev d 

d Purdue 37-in, 10-MeV 

8-Mev* Roc he s te r 26-in. P 
d Stanford 27-in. 3 -Mev 

Washington, U. of 
60-in. 22 -Mev 163 

165 

167 

bui It 
built 
built 

d 

d 
d 

Washington U. 45-in. 
Yale 28-in. 

1 0-Mev 
4-Mev 

14-Mev* Yua: os lavia 56-in. 169 d built 

The A V F  Cyclotrons 

The successful operation of electron models demonstrates that 
the use of an azimuthally varying field in a cyclotron makes it possible 
to provide focusing forces  and at the same time to increase the 
average magnetic field to maintain isochronism at relativistic energies ., 
IIThomas shims’’ a r e  now used in severa l  installations to improve the 
beam. The lively interest  in fully isochronous machines is indicated 
by the tabulation on the following page, 
A V F  type a r e  regrouped for convenient reference.  Since some of 
these machines a r e  still in ear ly  stages of development the data is 
somewhat incomplete. 

Here,  FF cyclotrons of the 

c 

U 



Energy Sector 
(MeV) Part ic le  AH( 70) Sectors Spiral Coils Status 

Austria 

Vienna 

Canada 

- - study 

U. of Manitoba {similar to. UC LA) 

France  

- - study 

Sac lay 22 d 

Nethe r land s 

33 - 270 - - t es t s  

Delft 1 2  P 
Switzerland 

55 4 IlO no built inc . 

Zurich 

USSR 

100  N I 
c, 
00 
I 

69 4 Yes design inc. 

Dubna . -  ** - - constr  

United Kingdom 
Birmingham 12* 

United States 

89 t o .  85'340 3 d Yes Yes constr .  

115* 
50* 
30 

400 
14" 
16*  
16  
4 O* 
40* 
70 

850 
7 5* 

UCRL 
uc LA 
Colorado 
Florida 
Illinois 
Los Alamos 
MIT 
Mich. S . U .  
U. ofMich.  
NRDL 
ORNL 
ORNL 

105 
109 
113 
117 
123 
127 
129 
133 
135 
139 
147 
149 

de sign 
constr .  
constr .  
study 
constr .  

no built 
no built 

design 
study 
study 
design Yes 

Yes study 

4 
4 
3 
8 

4-870 
4-870 
4-9070 

See page 2 for key to tables. 
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X-882 
F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  S H E E T  

Name of machine 

Ins ti tu t ion 

Address 

Person in charge 

Person supplying data w* I*  B'  slzlith Date May 1958 

ANU 30-Inch Cyclotron 

Australian National Laboratory 

Box 4, G . P s  O . ,  Canberra,  A .  @ .  TI  Australia 

P ro f .  M .  ]L. OP;?han& 

Present Fields of Research 

Cvclotron operation and 

% of Time History and Status 

Design study A p r i l  1953 

60 Model tests beam improvement 

Nuclear reactions 40 Engineering design 

Construction started M a y  1953 

Completion date First beam Sept 1955 

hr s/w k Scheduled operation G O  
(when on reaction studies) 

Magnet cos t 

Total cost $50 ,008 (approx, ) 

Design Specifications 

Magnet Design energy and part icle 

Core dia. cm, 3 5  * in. 

Pole t ip  dia. cm, 31 in. 

Beam radius, max cm, L 12 6 in. 

Field gap, center cm, 5 5 .  . in. 

8 Mev protons 

Mev 

Mev 

Mev 
Field, max 1 2 .  6 k-gauss 

Field drop-off 2 %  

Weight, F e  3 1  ; A l  tons 

Winding 

Coo I ing w a t e r  

a lu is i nu 1-n 

R-F frequency 1% 4 Mc/s 

Dee dia. cm, 29 in. 
Osc. output, max 50 k w  

Pre-exci ter y e s  (booster) 
3 1 /4 * Dee aperture em, - in. 

Qee-to-dee gap cm, 1 in. 

Ion source, type hooded a r c ,  tungsten 
f i  la i'i? e 11 t Shielding 20 in,  concrete top and sides 

f local borated paraffin 
over please 



X-882A 

Energy, Mev 

Frequency, Mc/sec 

Mag. field, k-gauss 

Dee-to-dee, kv 

Internal Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

External Beam, 

- 2.0- 

ACTUAL P E R F O R M A N C E  D A T A  

Protons Deuterons Alphas I 

7,55 

1 %  6 

1 2 - 6  

80 

3,000 

r - f  power limited 

P resen t  operating conditions for  
beam on nuclear reactions, Maximun 

Stable, pa 

Peak, pa 
witk 

plat 
Energy spread, % 0 .5  I 

d 

Beam “piped” 12 ft to external target. Beam analyzing magnet used? None used 
But quadropole focusing 

Unusual Features magnet used. 

extracted beam a t  present :.s 250 pa 

-[limited by h eat. dissitmtion on spider 
300 pa circulating beam. 

e). 

Electric focusing with carbon gr ids  on the dees successful on f i r s t  four 

revolutions 

Beam defining slits used on 1, 2, and 3rd revolutions to define center of 

beam rotation; 3rd turn slit is 1 / 2  mm wide. 

100% extraction efficiency with low beams, requires  better than 1 / 2  70 
stabilization of dee volts. 

Pub1 i shed Articles Describing Machine 

r 

L 

c 
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X-882 

F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  SHEET 

Name of machine 

Inst i tut ion Physics Dept . ,  University of Melbourne 

Address C a r l t m ,  N .  3 ,  Victoria, Australia 

Melborne University Variable Energy Cyclotron (MUVEC) 

Person supplying data D r .  D. €3. CarQ Date Mav 1958 

Present Fields of Research % of Time 

P 

Magnet 

History and Status 

Design study 

Model tests 

Engineering design 

Construction started Jan '54 

Completion date 

Scheduled operation hrs/wk 

Magnet cost &A7000 

(F i r s t  b e a m )  Jan, 1 9 5 7  

Total cost dA35, 0 0 ' )  

Des i gn Speci f i  cat ions 

Core dia. cm, 4 0  in. 

Pole t ip  dia. cm,39 1 /an. 

Beam radius, max cm, 14. 4 in. 

Field gap, center cm, 6 in. 

Field, max 14 k-gauss 

Field drop-off 1 . 8  % 

Weight, Fe 42  ; A1 3 tons 

Winding 1 1 /2 "  X 1" 0.  Lilt d u e  

Coo I ing degassed water 

16 Dee dia. cm, in. 

2 .  Dee aperture cm, - in. 

Design energy and part icle 

11 M~~ protons 

Mev 

Mev 

MeV 

Osc. input, max '' kw 

39 
Osc. output, rnax k w  

Pre-exci ter I1 0 

Dee-to-dee gap one dee cm, in. 
Dee bias, d-c max none v 

Beam extraction, type d - c  def 

Ion source, type hooded a r c  
Dee-to-dee, max 120 kv  

Sh i el  d i ng 2. f t  brick and sand, 
1 '  5 ft water 

over please 
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Protons Deuterons Alphas 

Energy, Mev 10, 8 

Frequency, Mc/sec 19.9 

Mag. field, k-gauss 13 

Dee-to-dee, k v  100 

Internal Beam, 
Stable, pa 750 

Peak, pa 1000 

Energy spread, ’% 

Stable, pa 30* 

Peak, pa 50* 

External Beam, 

L Energy spread, % * 

X-882A 
ACTUAL PERFORMANCE DATA 

Unusual Features 

* 

Published Art ic les Describing Machine 

D.E .  Ca re ,  L.H. Martin,  and J. L. Rouse, Variable Energy Cyclotron,1t 

Australian Journal of Physics ,  - 8, 306 (1955). 



x-aa2 

- 2 3 -  

F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  S H E E T  

Name of machine cyclotron du Centre de Louvain 

Institution 

Address Avenue Cardinal Merc ier ,  Louvain, Belg'ique 

Person in charge Robert ICePPenne 

Centre de Physique Nucl4aire de l 'Universit6 de Louvain 

Person supplying data RQfiert K e ~ ~ e n n e  gate June 195C 

Present Fields of Research % of Time History and Status 

70 Design study 

30  Model tests 

Isotope production 

Neutroii work 

En gi n eer i ng des i gn 

Construction started 1949 

Completion date L' 

Scheduled operation 25 hrs/wk 

Magnet cost 

Total cost 

Design Specifications 
~~ 

Magnet Design energy and part icle 

Core dia. 107.  5, ern, in. 12,  7 MeV deu te rms  

Pole t ip  dia. 5 cm, in. 

Beam radius, max ern, in. 

Field gap center 15 crn, in. 

Field, max 1 8 . 1  k-gauss 

Mev 

MeV 

Mev 

;I- 1 

C tw.3 shimming gaps o f l m m  each 

Field drop-off 2 . 5  % R-F frequency 1 3 ,  . Mc/s 
power  amp. c!rive,l Isy 

Weight, Fe  6 0  ; CU tons Osci l lator type an oscillator 
Winding 

Coo 1 ing 

Bee dia. 

Dee aperture 

Dee-to-d ee gap 

Beam extraction, type 

Ion source, type 

two 5776 Copper P . A .  
Qsci W der  tu be 

kw 

kw 

L$ u air c~~o lec l  P . A .  
QSG input, max 

Osc. output, max 
"6. 6 cm, in. 

5-  3 em, in. 

5 cm, -in. 

Pre-exciter 15-liw radio telegraph trans- 

Dee bias, d-c max 

Dee-to-dee, rnax 

-r.itter: Press  Tiireless Ix.  
V 

electrose. def. 
kv 

hot cathode a r c  
discharge type Shielding 180 cm con.. and  100 c 

50 crn ord .  con, on three.  

water on fourth. 
1-n 

over please 
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Pro tons Deuterons 

Energy, Mev 12, a1  

Frequency, Mc/sec 13,55 

Mag. field, k-gauss (center ) 18.1 

Dee-to-dee, kv 

I nterna I Beam, 
Stable, pa 300 

Peak, pa 400 

Energy spread, % 

External Beam, 
Stable, pa none 

Peak, pa 

Energy spread, % 

ACTUAL P E R F O R M A N C E  D A T A  

Alphas 

Beam ' 'pi ped " f t  to external target. Beam analyzing magnet used? 

Unusual Features 

Pub1 i shed Articles Descri binq Machine 

1. Y. Hecq and Lo Gillon, riStabilisation du champ magnetique de Pe lee t r ic  

aimant du cyclotron de Louvain par  amplidyne,11 Annales de la 

Societe Scientifigue de Bruxelles, December 15, 1951. 

2. L. Gillon e t  Y. Hecq, rlControle des  thyratrons de h'alimentation en 

courant continu de llamplification 100 kw du cyclotron, 

de la Societe scientifique de Bruxelles, December 21, 1953. 

Annales 
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X-882 

F I X E D - F R E Q U E N C Y  CYCLOTRON D A T A  SHEET ** data not verified 

* Name of machine 

Inst i tut ion 

Address Sofia, Bulgaria 
E 

Person in charge 

Person supplying data (var i ou s s our c e s ) Date 

Present Fields of Research % of Time History and Status 

h 

Magnet 

Design study 

Model tests 

Engineering design 

Construction started 

Completion date 

Scheduled operation hrs/wk 

Magnet cost 

Total cost 

Design Specifications 

Core dia. cm, In. 

Pole t ip  dia. 120 cm, in. 

Beam radius, rnax cm, in. 

Field gap, center cm, in. 

Field, max 

Field drop-off 

l4 k-gauss 

% 

Weight, Fe  120 ; *' tons 

Winding 
CU 

Coo I ing 

Dee dia. cm, ___ in. 

Dee aperture cm, - in. 

Dee-to-d ee gap crn, ---..-in. 

Beam extraction, type 

Design energy and particle 

12. 5 Mev deuterons 

25 MeV alphas 

Mev 

Mev 

R-F frequency Mc/s 

Osci I lator type 

Osci Ilator tube 

Osc. input, max k w  

Osc. output, max l-20 k w  

Pre-exci ter 

Dee bias, d-c rnax V 

Dee- to-dee, max kv  

Ion source, type 
Shielding 



X-882A 

r 

Protons Deuteron s Alphas 

Energy, Mev 

Frequency, Mc/sec 

Mag. field, k-gauss 

Dee-to-dee, kv  

Internal Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

External Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

A C T U A L  P E R F O R M A N C E  D A T A  

I 

i 

I 
I 

I 

Beam ‘ ‘p i ped ” f t  to external target. Beam analyzing magnet used? 

Unusual Features 4 

P u b I i shed Ar t  i c I es De scribing Mach ine 
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X-882 

F I X E D - F R E Q U E N C Y  CYCLOTRON D A T A  S H E E T  ** data not verified 

* Name of machine 

Inst i tut ion Institute of Atomic Energy 

Address Peiping;, China 

Person in charge 

Person supplying data (various sources)  Date 

Present Fields of Research % of Time History and Status 

c 

L 

Design study 

Model tests 

Engineering design 

Construction started 

Completion date 

Scheduled operation 

Magnet cost  

Total cost  

Design Specifications 

Magnet 

Core dia. cm, in. 

Pole t ip  dia. 120 cm, in. 

Beam radius, max cm, in. 

F ie ld  gap, center cm, in. 

Field, max 14 k-gauss 

Field drop-off % 

Weight, Fe 120 , . AI tons 

Winding 
c u  

Cooling 

Dee dia. cm, - in. 

Dee aperture cm, ___ in. 

Dee-to-d ee gap cm, -.--in. 

Beam extraction, type 

Ion source, type 

1958 

hrs/wk 

Design energy and part icle 

12. 5 MeV deuterons 

25 M~~ alphas 

Mev 

Mev 

R-F frequency 

Osci I lator type 

Osci l lator tube 

Osc. input, max 

Osc. output, max 

Pre-exci ter 

Dee bias, d-c max 

Dee-to-dee, max 

Shielding 

Mc/s 

V 

k v  
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Deuterons 

A C T U A L  PERFORMANCE D A T A  

~~ 

Alphas Protons 

Energy, Mev 

Frequency, Mc/sec 

Mag. field, k-gauss 

Dee-to-dee, kv 

Internal Beam, 
Stable, pa 

Peak, pa 

Energy spread, 

External Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

Beam "piped" ft  to external target. Beam analyzing magnet used? 

Unusual Features 

* 

J 

? 

Published Articles Describing Machine 

1 



X-882 
F I X E D - F R E Q U E N C Y  C Y C L Q P R Q N  D A T A  SHEET 

*or$.  data not verified 

Name of machine 

Inst i tut ion 

Address Husinez-Rez. Prague, Czechoslovakia 

Institute of Nuclear Physics Research 

Person in charge a 

Person supplying data (various sources) Date 

Present Fields of Research 

Magnet 

Core dia. 

Pole t ip  dia. 

Beam radius, max 

Field gap, center 

Field, max 

Field drop-off 

% of Time 

- Des ign study 

History and Status 

Model tests 

Engineering design 

Construction started 

Completion date 1958 

Scheduled operation hrs/wk 

Magnet cost 

Total cost 

Design Specifications 

cm, in. 

120 cm, in. 

cm, - in. 

cm, in. 

14 k-ga u s s 

% 

Weight, Fe  120 ; A I  tons c u  
Winding 

Coo I ing 

Dee dia. cm, - in. 

Dee aperture cm, ____ in. 

Dee-to-dee gap cm, -in. 

Beam extraction, type 

ion source, type 

Design energy and part icle 

12,5 Mev deuterons 

25 M~~ alphas 

Mev 

Mev 

R-F frequency Mc/s 

Osci I lator type 

Osci l lator tube 

Osc. input, max kw 

Osc. output, max 120 k w  

Pre-exci ter 

Dee bias, d-c rnax V 

Dee-to-dee, max kv 

Shielding 

over please 



X-882A 

Protons Deuterons 

Energy, Mev 

Frequency, Mc/sec 

Mag. field, k-gauss 

Dee-to-dee, kv  

I nterna I Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

~~ ~ 

External Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

-30-  

A C T U A L  P E R F O R M A N C E  D A T A  

Alphas 

-- 

Beam "piped" f t  to external target. Beam analyzing magnet used? 

Unusual Features 
? 

P u b 1 i shed Ar t  i c I es De sc r i b i nq Mach i ne 

A 
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- 3 8 -  

F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  S H E E T  

Name of machine 

Institution Institute for Theoretical Physics ,  University of Copenhagen, Denmark 

Present Fields of Research % of Time History and Status 

90 Design study Sc atte ring exp e rii-nent s 

Isotope production 10 Model tests 

Engineering design 

Construction started 

I Completion date 

Scheduled operation hr s/w k 

Magnet cost 

Total cost 

Design Specifications 

Magnet Design energy and part icle 

Core dia. 120 cm, 47 in. 

-90, cm, 35 in. 12 MeV deutel-olls Pole t ip  dia. 

Beam radius, max 4 0  cm, 16 in. 

cm, ‘2, 3 in. 

Field, max 17, 5 k-gauss 

Field drop-off 

Weight, Fe  35 ; CU 2. 5 tons Osci tlator type ~ u s ~ - ~ ~ l l ~  self- ex- 

24 MeV alphas 
Field gap, center 11 

MeV 

1 - 7 5  % R-F frequency l 3  , Mc/s 

Winding 

Coo I in g 

Dee dia. 

Dee aperture 

Dee-to-dee gap 

Beam extract ion , type 

ion source, type 

two Maclett 880 solid s t r ip  3x0. 3 c m  OsciI,a+or tube 

oil bath 
Osc. input, max 

Osc. output, max 

Pre-exci ter no 

Dee bias, d-c max 

30 k w  

k w  
‘2. 5 cm, 17 * in. 

5 - ’9 crn,2-2*  &rn. 

5 cm, 2 in. 
v 6oco 

electrostatic 
Dee-to-dee, max 200 kv  

%or n-loaded concrete 2 -  7 f t  
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- ~ ~ 

Protons(H, 1 Deuterons 
Y 

X-882A 

Alphas 

ACTUAL P E R F O R M A N C E  D A T A  

Energy, Mev 5 . 3  1 0 . 5  21 

Frequency, Mc/sec 

Mag. field, k-gauss 

Dee-to-dee, kv 

Internal Beam, 
Stable, pa 

Peak, pa  

Energy spread, 7’0 

External Beam, 
Stable, pa 

Peak, pa 

Energy spread, % * 

13 13 1 3  

17. 5 l a .  5 17. 5 

150 150 150  

200 100 50 

300 150 75 

** 
2* 0.1 

** 4* 0.2** 2* 0.1 

(1 (0.  5 (1 (0. 5 ( I  (0. 5 
~ -~ ~ ** 

Ion source through hole in magnet yoke 

P u b I i shed Art i c I e s De sc r i b i n a Mach in e 
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X-882 
F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  S H E E T  

Name of  machine 

Inst i tut ion Centre dIEtudes Nucle/aires 

Add res s 

Person in charge 

Cyclotron de Saclay 

B. P, No, 2 @if sur Yvette [Seine et  Oise)  Fralace 

Andrd Bariaud e t  Jacques Thirion 

Person supplying data Date NOVember 1958 

Present Fields of Research 

Sc at t e ring exp e r iment s 

Nuclear reactions 

Y 

6 

Magnet 

% of Time 

80 

20 

History and Status 

Des ign study 1947 

Model tests 

Engineering design 

Construction started 1948 

Completion date 1953 

Scheduled operation 90 hrs/wk 

Magnet cost 60 million frmcs 

Total cost  300 million francs 

Des i gn Speci f i cat ions 

Core dia. cm, in. 

Pole t ip  dia. cm, 70 in. 

27 * Beam radius, max cm, in. 

F ie ld  gap, center cm, 11 e 8 in. 

Field, max 18 k-gauss 

F ie ld  drop-off 2 %  

Weight, F e  252 ; C 18 tons 

Winding 

Coo I ing 

Dee dia. 

Dee aperture 

Dee-to-dee gap 

Beam extraction, type 

Ion source, type 

hollow copper bar 

deionized water 

cm, 6. 7 in. 

cm, ;-In. 3 1 .  

d-c deflector 

Design energy and part icle 

44 MeV alphas 

MeV 

R-F frequency 

Osci I lator type 

Osci I lator tube 

Osc. input, max 

Osc. output, max 

Pre-exci ter 

Dee bias, d-c max 

Dee-to-dee, max 

Sh i e l  d ing 

10.6 Mc/s 

self-ex. gnd-g 

one LCT 3067 B 

80 kw 

60 kw 

ye s 

Il.0 V 

180 k v  

underground, 6 f t  
c onc r e  te 
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Deuteron s Protons 

Energy, Mev 11 

Frequency, Mc/sec 10.5 

Mag. field, k-gauss 13.75 

180 Dee-to-dee, k v  

I nterna 1 Beam, 
Stable, pa 100 

Peak, pa 500 

Energy spread, % 

External Beam, 
Stable, pa 10 

Peak, pa 

Energy spread, % 

X-882A 

Alphas 

44 

10.5 

13.75 

180 

50 

200 

1 

A C T U A L  PERFORMANCE D A T A  

2 focusing and Beam “piped” 3O f t  to external target. Beam analyzing magnet used? 
analyzing magnets t one 60° 

Azimuthally varying field; correcting coils inside the chamber.  

P u b l  i shed Art ic les Describing Mach ine 

1. P i e r r e  Debraine, “Le cyclotron du C . E . A .  *a Saclavl’, Onde Qlectrique 

T XXXV, No, 344, p1048 (Nov. 1955), 

2. Andre Bariaud, “ L e s  circui ts  HF du cyclotron1!, Onde electriqe T 

XXXV, No. 344, p1052 (Novo ,1955). 

4 

, 

3 



X-882 
F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  S H E E T  

Person in charge nr  F , Sa.ve% 

June 1958 
Person supplying data Cabrespine Dale 

Present Fields of Research 

Isotope product ion 

Nuc lea r r e ac ti on s 

Magnet 

c 

% o f  Time History and Status 

18 Design study 

9 0  Model tests 

En g i neer i ng des i gn 

Construct ion started 1937 

Completion date a939 

Scheduled operation 4O hrs/wk 

Magnet cost  

Total cost  1 500,000 francs 
( 1 9 3 3 )  

Design Specifications 

Design energy and part icle 

Core dia. cm, 35- 5 in. 

Pole t ip  dia. cm, in. 

Beam radius, max cm, 34 in. 

35 5 .  

Fie ld  gap, center cm, 4.  5 in. 

Field, max 1 7  k-gauss 

Field drop-off 2 %  

Weight, Fe  ; cu tons 

Winding 

Coo I ing 

Dee dia. 

Dee aperture 

Dee-to-dee gap 

Beam extraction, type 

Ion source, type 
- 2  

co,aper 

o r d i n a r v  water 

cm, 29 .  5 in. 

2 .  
cm, - in. 

cm, B 6 .  

6 . 7  

1 2  

R-F frequency 

Osci I lator type 

Osci Ilator tube 

Osc. input, max 

Osc. output, max 

Pre-exci ter 

, Mc/s 

auto - o s c illato r amp i. 

two 108 TH C F T H  

22 kw 

k w  

no 

Dee bias, d-c rnax 

Dee-to-dee, max 

Sh i e l  d in g 

V none 

2 rn concrete all sides 
and top 

over please 
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Energy, Mev 

Frequency, Mc/sec 

Mag. field, k-gauss 

Dee-to-dee, kv  

Internal Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

External Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

X-882A 

Protons Deuterons Alphas 

6 ,  7 1 2  

11 .5  11,5 

15 1 5  

40  40  

200 

10 0.1 

20 1 

10 4 

A C T U A L  P E R F O R M A N C E  D A T A  

Beam “piped” f t  to external target. Beam analyzing magnet used? 2 electrical 
t 1 analyser 

Unusual Features 

Published Art ic les Describinq Machine 

1 . P, Debraine, IILe Cyclotron, I t  Atomas (F6vr ie r  1947) 

2. A ,  Bariaud, ‘‘Le Cyclotron,” Edition de la Revue d’Optique (1950) 
-~ 

3 .  M, Vivargent, Focalisation det analyse du faisceau du Cyclotron du 

College de France ‘rhbse, Paris (1956) 



X-882 
FIXED-FREQUEPICY CYCLOTRON DATA SHEET 

8% data not verified 

Person in charge 

Person supplying data (YX€?iOUS SQUT'CeS) Date 

Present Fields of Research % of Time 

Magnet 

History and Status 

Design study 

Model tests 

En g i neer i ng des i gn 

Construction started 

Completion date 

Scheduled operation 

Magnet cost 

Total cost 

Design Specifications 

Core dia. 200 cm, in. 

Pole t ip  dia. cm, in. 

Beam rad ius, rnax cm, in. 

in. Field gap, center cm, - 
Field, max k-gaus s 

Field drop-off % 

Weight, Fe  . A i  tons 

Winding 

Cooling 

c u  

Dee dia. cm, ,-, in. 

Dee aperture cm, - in. 

Dee-to-dee gap cm, -in. 

Beam extraction, type 

Ion source, type 

hrs/wk 

Design energy and part icle 

R-F 

osc  

osc  

osc  

Mev 

Mev 

Mev 

frequency 

llator type 

llator tube 

input, max 

Osc. output, max 

Pre-exci ter 

Dee bias, d-c max 

Dee-to-dee, rnax 

Shielding 

Mc/s 

k w  

k w  

V 

kv 



X-882A 

Protons 

Energy, Mev 

Frequency, Mc/sec 

Mag. field, k-gauss 

Dee-to-dee, kv 

Internal Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

External Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

- 3 8 -  

A C T U A L  P E R F O R M A N C E  D A T A  

Deuterons Alphas 

f 

Beam “piped” f t  to external target. Beam analyzing magnet used? 

Unusual Features 

P u b I i shed Ar t  i c I e s De sc r i b in CJ Mach in e 
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X-882 

F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  SHEEP 

Name of machine FC3stfreq~ena,-Z,Wkotron, Type U- 120- 1 

Ins t i tu t ion 

Address 

Zentralinstitirt f i i r  Kernphysik, Rossendori  bei Dresden 

D r e  s den - B ad" 'FBT ei s s e F - Hi r s ch P o s t s c bli e s s1 fach 1 9 

Person in charge 

Person supplying data Date October 1958 

Present Fields of Research % of Time History and Status 

Nuclear physics 100 Design study 

Model tests 

Engineering design 

Construction started 

Completion date 

Scheduled operation 

Magnet cost 

Total cost 

Design Specifications 

Magnet 

Core dia. 144 cm, in. 

Pole t ip  dia. 120  cm, in. 

Beam radius, rnax 52. 5 crn, in . 
Field gap, center l 7 , O  cm, - in. 

Field, max l 7  k-gauss 

Field drop-off 2 0 4  % 

Weight, F e  105 ; c u  15 tons 

Winding L 
Coo I ing distilled water 

Dee dia. 6008 cm, in. 

Dee aperture 2.5  x l a 0  cm, , in. 

Dee-to-dee gap 20 5 crn, ~ t n .  

Ion source, type capillary arc 

develoned in USSR 

August 1958 

at present 3 5  hrs/,& 

Design energy and part icle 

12, 5 Mev deuterons 

25 Mev &Inhas 
Mev 

Mev 

R-F frequency Mc/s 

Osci l lator type GU-120, 5-stage p ~ ~ h - p ~ l l  

Oscil lator tube 5th stage,  two, GU-23-A 

Osc. input, max k w  

Osc. output, max a 50 k w  

Pre-exci ter external and seu-exci ted 

Dee bias, d-c max 0 Y 

Dee-to-dee, rnax 11 O Const, 9 P 6 0  pulsed kv  

Shielding concrete, 2.5 m 

P 



X-882A 

Energy, Mev 

Frequency, Mc/sec 

Mag. field, k-gauss 

Dee-to-dee, kv  

Internal Beam, 
Stable, pa 

Peak, pa 

Energy spread, 76 

External Beam, 
Stable, pa 

Peak, pa 

-40- 

A C T U A L  P E R F O R M A N C E  D A T A  

I 

Pro tons Deuterons Aiphas H; 

1 3 & 5  

11, os6 

14 700 

120 

ave. 
1000 op 

2250 pulse 

3570 of ave: 

of peal  

-+ I 

.n pulsed 
I ration 

1 operation _rj 
~ internal  b am 

Beam "piped" 100 l m  % t o  external target. Beam analyzing magnet used? Yes 

Unusual Features 

The cyclotron is largely automatic; 33 electr ic  servomotors are 

used for remote control. 

Pub1 i shed Art ic les Describing Machine 

J. Schintlmeister,  "Uber das Zyklotron des Zentralinstitutes fiir 

Kernphysik und die ForschungsvorhabenI1 im Bereich "Physik der  

Atom-kernel' in de r  B r o s c h h e :  - Das Zentralinstitut fcr Kernphysik 

am Beginn seiner  Arbeit, herausgegeben von H, Barwich. 

Akademie-Verlag Berlin,  1958. 



X-882 
F I X E D - F R E Q U E N C Y  CYCLOTRON D A T A  SHEET 

Name of machine 

Inst i tut ion 

Address Heidelberg Jahristr, 29 

He id elbe rg C yc lot ron - 

Max Planck Institiit fer rnedizinische Forschung 

Person jn  charge D r ,  U a  Schmidt-Rohhr 

History and Status Present Fields of  Research % of Time 

Design study Isotope production 20 

Nuc 1 e a r r e ac ti on s 40 Model tests 

40 Short-life activities 7 

(, J  - recoil  exp , ,  mirror nuclei) 
Engineering design 

f i r s t  1336 
Construction started second 1952 - 

first 1944 
Completion date second Sept 1956 

Scheduled operation 40 hrs/wk 
(80 af ter  October) 

Magnet cost 

6 1 . 5 x 1 0  DM Total cost 

Des i gn Spec i f i cations t 

Design energy and part icle Magnet 

Core dia. 

Pole t ip  dia. 

Beam rad ius, max 

Field gap, center 

Field, max 

Field drop-off 

Weight, F e  80 

Winding 

Coo I ing 

Dee dia. 

Dee aperture 

Dee-to-dee gap 

Beam extraction, type 

Ion source, type 

128 cm, in. 1 3  M~~ deuterons 

1*1 cm, in. 

43 cm, in. 

27 cm, in. 

17  k-gauss 

R-F frequency 1"5 % 

I tons Osci l lator type n e-atr ali ,a, e d 

two T W  25 r ec tang'ular tube 

distilled watzr 
Oscil lator tube 

Osc. input, max 

Osc. output, max 
cm, in. q o  

k w  

kw 
cm, - in. 6 .  0 

Pre-exci ter 

cm, -in. 4 
Dee bias, d-c max 

d-c deflector 
Dee-to-dee, max 1,- k v  

1 rn w a t e r :  0 ,  5 rn 
hooded capillary arc 
o r  P I G  type Shielding 

~~ ~ 

c onc re te  
over pl ease 



-42-  

Protons 

X-882A 

~- 

Deuterons Alphas 

13 26 

ACTUAL P E R F O R M A N C E  D A T A  

Energy, Mev 4 
Frequency, Mc/sec 

Mag. field, k-gauss 

Internal Beam, 
Stable, pa 

Peak, pa 

I Energy spread, % 

External Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

12.8 

17 

c 

r -- 

1 500 

I < 2% 

> 1  

I 1 I I J * 
Beam "piped" 20 ft to external target. Beam analyzing magnet used? under construction 

6 m f rom cyclotron, beam 4 mm diameter 

Unusual Features 

One-dee svstem, admits experiments inside the chamber. Deflector 

independent f rom dee adjustable; water-cooled tubes for deflector septum. 

Alternating -gradient focusing magnet channel. 

P u b I i shed Art i c 1 e s De sc r i bin g Mach in e 

R. Bock, A .  Doehring, J. Janecke, 0. Kneeht, L. Koester,  H. Maier-  

Leibnitz, Ch. Schmelzer,  Ue Schmidt-Rohr, "Ein Jj'estfrequenz- 

Zyklotron mit einem Dee, I t  Z, f .  angew. Phys. 10.49. (1958). 
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X-882A 

Energy, Mev 

Frequency, Mc/sec 

Mag. field, k-gauss 

Dee-to-dee, kv 

Internal Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

External Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

-44- 

A C T U A L  PERFORMANCE D A T A  

Protons Deuterons Alphas 

I 

Beam “piped” ft to external target. Beam analyzing magnet used? 

Unusual Features 

Published Ar t i  c I es De scri b ins Machine 



X-882 

1 -  
- L ; I $ _  

F I X E D - F R E Q U E N C Y  C Y C L O T R O N  5 A T A  S H E E T  

Present Fields of Research 

s t r u c t u r e  

Magnet 

% of Time History and Status 

10 Design study 

83 Model tests 

Engineering design 

7 Construction started ~ ~ J ? ~ ~  1 9 52 

Completion date JaiTmry 1956 

hrs/wk Scheduled operation 3 0 

Magnet cost x v ) , 3 m ,  000 

Total cost x 8'3, 0 0 8 ,  00~1 

Design Specifications 

Core dia. 1.26 cm, in. 

Pole t ip  dia. cm, - in. 
105 

Beam radius, rnax ~ 1 7 .  0 cm, in, 

Field gap, center 1 ' 3 .  cm, in. 

Field, max '7% 5 k-gauss 

Field drop-off 2. 65 % 

Winding 3 0 x 2 ,  5mm strip 

Weight, F e  F i l s  3 * CU 2, 5 tons 

Coo I ing oil  bath 

Dee dia. 1026 4 cm, in. 

Dee aperture 4. 8 cm, in. 

E . l e G t r  3sta,%ic dea'. Beam extraction, type 

Ion source, type had .ed  a rc  

Design energy and part icle 

7 . 6  

1 5 . 2  

30  

R-F frequency 

Osci l lator type 

Osci l lator tube 

Mev 

Osc. input, max 

108 kw Osc. output, max 

il J Pre-exci ter 

Dee bias, d-c max -300  " 
-&so kv Bee-to-dee, max 

1-78 c1-rl c:oncrete, all 
sides and top 

over p l  ease 

Sh i e l  d ing 



X-882A 

Energy, MeV 

Frequency, Mc/sec 

Mag. field, k-gauss 

Dee-to-dee, kv 

Internal Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

External Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 
* 

-46- 

ACTUAL PERFORMANCE D A T A  

Pro tons Deuterons Alphas 

7 ,6  15. 2 30 

13, 1 13.1 13. 1 

17, 5 17. 5 17. 5 

120 120 120 

200 200 40 

350 350 50 

5* 40% 40* 

e 

Unusual Features 

P u bl i shed Articles Describing Machine 



X-882 
F I X E D - F R E Q U E N C Y  CYCLOTRON D A T A  SHEET 

t 

Present Fields of Research 

Is ot3p e production 

Nuclear reactions and 

% of Time 

25 

History and Status 

7 5 

Design study 

Model tests 

Engineering design 

Construct i on started 

Compietion date 

Scheduled operation 

Magnet cost 

Total cost  

Design Specifications 

Magnet 

LJL$-48 ta,per 
Core dia. cm, ____ in. 

Pole t ip  dia. cm, - in. 

cm, in. 

Field gap, center cm, in. 

Field, rnax 15. 5 k-gauss 

4.i * 

Beam radius, max 50 

1 Lji. 

Field drop-off 1 . 5  % 

8 Weight, F e  45 ; GU tons 

Winding 

Coo I ing 

Dee dia. 

solid strip 

o i l  oa,th 

21 . cm, m. 

1 .  Dee aperture cm, - in. 

Dee-to-dee gap cm, L i n .  

$100 ,800  

Design energy and part icle 

12  MeV d.euteroi?s 

- Mev 

Mev 

Mev 

R-F frequency 1 0 -  6 Mc/s 

Osci 

Osci 

osc. 

Ion source, type 

over  piease 



-48- 

I Energy spread, % 

X-88 2 A 

Energy, Mev 

Frequency, Mc/sec 

Mag. field, k-gauss 

Dee-to-dee, kv 

internal Beam, 
Stable, pa 

ACTUAL PERFORMANCE DATA 

Protons 

5 . 7  

10 .6  

14 

80 

30 

Peak, pa I 50 

Energy spread, % 

External Beam, 
Stable, pa 1 5 ( 0 . 1 7  

Peak, La 1 8  

* 
Beam “piped” 2o ft to external target. Beam analyzing magnet used? yes 
Slit width 7mm 

Unusual Features 

Built-in demountable oscillator tube 

Published Articles Describing Machine 

8 

Annual Report of Scientific Works Faculty of Science, Osaka University; 

Vol. 3 ,  1-24  (1955). 
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P roton s 

X-882A 

Deuterons Alphas 

A C T U A L  P E R F O R M A N C E  D A T A  

Energy, Mev 

Frequency, M d s e c  

Mag. field, k-gauss 

Dee-to-dee, kv  

Internal Beam, 
Stable, pa 

Peak, pa 

7 .5 -  15 1 5 - 4 2  3 0 -  42 

8.4 - 12. 1 8 .4  -10 8.4 -10 

5. 5 AJ 7, 9 1 1 . ~ 1 3 .  11 RJ 13 

64 - 140 1 2 0 ~ 1 9 0  1 2 0 m 1 9 0  

I 
600 600 50 

1000  

Peak, pa 

Energy spread, % 

I 
Energy spread, % I 

120, 0.5 

I 
External Beam, I 

Stable, pa / B O f .  0 . 3  

Unusual Features 

V 

Variable energy; the length of dee s t em is variable by ad.justing - the 

posi t ion of the shorting bar .  

almost constant for  the wide range of magnetic field strength between 5000 

and 14000 gauss  ( see  Ref. 1). By exchanging r - f  system, and raising the 

magnetic field to 16000 gausso  the machine can be used as an f-m cyclotron 

for  60-Mev Drotons. 

Relative radial  distribution o+ magnetic field is 

Published Articles Describina Machine 

I, H. Kumaaai - e t  al, ItReports on the W i d e  Range Magnet for 1 6 0 - c m  

SynchrocyclotrQn, 1.1 ENSJ-2, (June 13, 195’7)- 

2. Ful l  report  is under preparation. 



X-882 

- f .  . _  

F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  S H E E T  

Present Fields of Research 

Isotope produc  'cion 

Nuclear reaction and 

% of Time History and Status 

20 Des i gii study 

s t r u c t u r e  
Engineering design 

Xadiochemical exp. 
(as i ie ta t r~n s o u r c e )  

3 0  Construction started SePt q s a  

Completion date Dec 1952 

Scheduled operation 4o hrs/wk 

Magnet cos t 

Total cost 

Magnet 

26 * Core dia. cm, in. 

Pole t ip  dia. cm, 25 in. 

Design Specifications 

Design energy and part icle 

4.  3 MeV deUterQ42s 

Mev 

Beam radius, max cm, lib. 7 in. 

3 ./-i r;: 
Field gap, center crn, * in. 

Field, max 15" :: k-gau ss 
(at 22ci.t slit) 

Field drop-off 3 %  

22: Dee dia. cm, in. 

Dee aperture cm, 1- - ' d  in. 

Mev 

Mev 

R-F frequency 11.. 4 Mc/s 

Osci I lator type selP-ex, 

Oscil lator tube ,SN 96713 x 2 

Osc. input, max 24 k w  

1 2 
Qsc. output, max k W  

Pre-exci ter .-- 11 0 

Dee bias, d-c max n c) il e V 

Beam extraction, type d-c dei. 

Ion source, type law voltage arr.c 
Dee-to-dee, max 30 k V  

4-ft concrete,  all. s ides  Shielding 



X-882A 

Energy, Mev 

Frequency, Mc/sec 

Mag. field, k-gauss 

Dee-to-dee, k v  

Internal Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

External Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

A C T U A L  P E R F O R M A N C E  D A T A  

Protons Deuterons Alphas 

4 

11 .4  

15 

27 

30 

50 

5 

Beam “piped” f t  to external target. Beam analyzing magnet used? no 

Unusual Features 

Published Art ic les Describinq Machine 
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Protons Deuterons AFphos 

Energy, Mev 1 . 2  - 2.0 2,5 - 4 - 0  - 
Frequency, Mc/sec 11 - 14 (11 - 14 

Mag. field, k-gauss 14 - 19 14 - 19 

Dee-to-dee, kv 10 - 18 1 0  - 18 

In terna I Beam, 
Stable, pa 100 10 

Peak, pa 250 

Energy spread, % 

External Beam, 
Stable, pa 

Peak, pa 4 5  0 . 5  0 . 1  

Energy spread, % 0 .3  1 0.3 

25* 0 .  l** 0 .  05**0. O f . *  

JI 
CT ** 

X-882A 

1 

I 

1 

1 

ACTUAL PERFORMANCE D A T A  

Approximately constant distribution of magnetic induction B in the pole 

by special  design of pole shape. Magnetic field variable, by only changing 

the coil current ,  f rom 14 to 18 kg with 1 to 2. 5% field drop-off at the exit 

( r  = 1 6 c m ) ,  

22 hp 28 Mc / s  for proton. 

Frequency variable oscillator, l l ~  14 M c / s  €or deuteron and 

Single dee. 

Published Articles Describing Machine 
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X-882 
- 55-  

F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  S H E E T  

Name of machine 

Ins t i tu t ion 

Address Kanaaburg 2, Delft, Netherlands 

12-Mev Radial-Sector Fixed-Frequency Proton Cyclotron 

Technical University - Accelerator Division 

Person in charge Prof.  D r .  F. A.  Heyn 

% of Time Present Fields of Research -- 

Machine itself being 100 

studied 

Magnet 

Core dia. 

Pole t i p  dia. 

Beam radius, max 

Field gap, center 

Field, +r+w+ 
center  

$L,fy=&H = 
increases  

Des ign study 

History and Status 

Model tests 

Engineering design 

Construction started 1956 

Completion date (internal beam) Jan. 1958 

Scheduled operation hrs/wk 

Magnet cost 

Total cost 

Des i gn Spec i f i cat ions 

Design energy and part icle 

Mev 85 cm, in. 

Mev 

MeV 
14 k-gaus s 

210 5 Mc/s 
10 ,8  to 18, 5 kgauss % R-F frequency 

Weight, F e  ; A I  tons 

Winding h~ILlsw aluminum, 2 x 2 C x l i  

water Coo I ing 

Dee dia. cm, in. 

Dee aperture cm, - in. 

Dee-to-dee gap one dee cm, --.-..-~n. 

Beam extraction, type 

Ion source, type 

Osci I lator type 

Osci l lator tube one 20 kw 

Osc. input, max k w  

self-ex., gnd-g 

Osc. output, max k W  

Pre-exci ter 

Dee bias, d-c max 

Dee-to-dee, rnax 25 k v  

Sh i eld i ng 

no 

500 

over please 
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Energy, Mev 

Frequency, Mc/sec 

Mag. field, k-gauss 

Dee-to-dee, kv  

Internal Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

External Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 
Jr 'v 

X-882A 

Protons Deuteron s Alphas 

1 2  

21 ,5  

(center) 14 

20-25 

2 5* 

A C T U A L  PERFORMANCE D A T A  

Unusual Features 

Radial-sector ltisochronousl'  cyclotron. Fixed frequency - only 25 kw 

on single dee. High frequency oscillator at atmospheric pressure ,  

P u b l  i shed Art ic les Describing Mach ine 

F. A. Heyn and Kloc Kong Tat, Rev. Sci, Instr .  (July 1958) 
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X-882 

F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  S H E E T  ** data not verified 

b Name of machine 

Ins t i tu t ion Ins t i ta te  o f  NucLear R,'3!seaseh 

Person in charge 

Person supplying data (t.arioI2a SBurCes] Date 

Present Fields of Research 

Magnet 

% of Time History and Status 

Design study 

Model tests 

Engineering design 

Construct ion started 

Completion date in operation 

Scheduled operat ion hrs/wk 

Magnet cos t 

Total cost  

Des i gn Spec i f i cations 

Core dia. 50 cm, in. 

Pole t ip  dia. cm, in. 

Beam radius, rnax cm, in. 

Field gap, center cm, in. 

Field, max k-gauss 

Field drop-off % 

Weight, F e  I ,  . A I  tons 

Winding 

Coo I ing 

Dee dia. 

Dee aperture 

Dee-to-dee gap 

Beam extraction, type 

Ion source, type 

L U  

cm, in. 

cm, in. 

cm, --..---in. 

Design energy and part icle 

Mev 

Mev 

Mev 

Mev 

R-F frequency 

Osci l lator type 

Osci Ilator tube 

Osc. input, max 

Osc. output, max 

Pre-exci ter 

Dee bias, d-c max 

Dee-to-dee, max 

Shielding 

Mc/s 

kw 

kw 

V 

kv  

I 
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Protons Deuterons 

Energy, Mev 

Frequency, Mc/sec 

Mag. field, k-gauss 

X-882A 

Alphas 

A C T U A L  P E R F O R M A N C E  D A T A  

Dee-to-dee, kv 

Internal Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

External Beam, 
Stable, pa 

Peak, ,ua 

Energy spread, % 

Beam “piped” f t  to external target. Beam analyzing magnet used? 

Unusual Features 

Published Art ic les Describinq Machine 
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X-882 

F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  SHEET 
w data not verified 

Name of machine 
4 

Inst i tut ion Institute of Nuclear Research 

Address Craeow,  Poland - 
4 

Person in charge 

Person supplying data (various sources)  Date 

Present Fields of Research % of Time History and Status 

Design study 

Model tests 

Engineering design 

Construction started 

Completion date 

Scheduled operation 

Magnet cost  

Total cost 

Design Specifications 

Magnet 

Core d ia. cm, in. 

Pole t ip  dia. 120 cm, in. 

Beam radius, max cm, - in . 
Field gap, center cm, in. 

Field, max 14 k-gauss 

Field drop-off % 

tons Weight, F e  120 . A I  
c u  

Winding 

Coo I ing 

Dee dia. cm, in. 

Dee aperture cm, in. 

Dee-to-d ee gap cm, ---in. 

Beam extraction, type 

Ion source, type 

1958 

hrs/wk 

Design energy and part icle 

12, 5 MeV deuterons 

alphas 25 Mev 

Mev 

Mev 

R-F frequency 

Osci I lator type 

Osci l lator tube 

Osc. input, max 

Osc. output, max 

Pre-exci ter 

Dee bias, d-c max 

Dee-to-dee, max 

Shielding 

Mc/s 

kw  

lZo kw 

V 

k v  

c onc F et  e 

over please 



X-882A 

Protons 

Energy, Mev 

Frequency, M d s e c  

Mag. field, k-gauss 

Dee-to-dee, kv  

internal Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

External Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

60- 

A C T U A L  PERFORMANCE D A T A  

Deuterons Alphas 

Beam “piped” f t  to external target. Beam analyzing magnet used? 

Unusual Features 

4 

P u b 1 i shed Art  i c I es De scribing Mach in e 
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X-882 

F IXED-FREQUENCY C Y C L O T R O N  D A T A  SHEET ** data not verified 

Name of machine 4 

Ins t i tu t ion 

Address Bucharest, Rumania 

Person in charge 

Person supplying data (various sources) Date 

Present Fields of Research % of Time History and Status 

4 

Design study 

Model tests 

En gi neer i ng des i gn 

Construction started / 
Completion date 

Scheduled operation hr s/w k 

Magnet cost  

Total cost  

a Des i gn Spec i f i  cat i ons 

Magnet Design energy and part icle 

12, 5 MeV deuterons 

25 MeV alphas 

Core dia. crn, in. 

Pole t ip  dia. 120 cm, in. 

Beam radius, max crn, in. 
Mev 

Field gap, center cm, - in. 

Field, max 14 k-gauss 
MeV 

R-F frequency Mc/s Field drop-off % 

. A i  tons 
c u  

Weight, Fe  120 

Winding 

Osci I lator type 

Osci llator tube 

Osc. input, max k w  

Osc. output, max 120 k w  

Pre-exci ter 

8 Coo I ing 

Dee dia. cm, .- in. 

Dee aperture crn, in. 

Dee-to-dee gap crn, ___in. 
Dee bias, d-c max V 

Dee- to-dee, max kv  
Beam extraction, type 

Ion source, type 
Shielding 



X-882A 

- 
Protons Deuterons 

Energy, Mev 

Frequency, Mc/sec 

Mag. field, k-gauss 

Dee-to-dee, k v  

Internal Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

External Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

-62 -  

A C T U A L  P E R F O R M A N C E  D A T A  

Alphas 

Beam “piped” f t  to external target. Beam analyzing magnet used? 

Unusual Features 

Published Art ic les Describinq Machine 
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X-882 

F IXED-FREQUENCY CYCLOTRON D A T A  SHEET 

4 

Present Fields of Research 

IS stope production 

Neutron work 

% of Time History and Status 

20 Design study 

80 Model tests 

Engineering design 

Construction started Second 1953 

Completion date Second 19.54 

First 1937 

First 1939 

Scheduled operation hr s/w k 

Magnet cost 

Total cost  $50,000 

Des i gn Spec i f i cations 

Magnet 

Core dia. 

Pole t ip  dia. 

3 2  cm, in. 

3 2  * cm, - in. 

cm, 28 in. Beam radius, max 

Field gap, center cm, 5 in. 

Field, max 1 5  k-gauss 

Field drop-off 2 %  

Weight, Fe  1 5 ; @U 2 tons 

Winding 

Cooling 

square tube 

water 

20 * Dee dia. cm, - in. 

2 5 .  Dee aperture cm, 0 in. 

Dee-to-d ee gap cm, 2 i n .  

Ion source, type arc 

Design energy and part icle 

3 ,  5 MeV J 3 r O t O n S  

14 MeV alphas 

Mev 

R-F frequency 1 2 *  Mc/s 

Qsci I lator type push-pu1L 

Oscil lator tube. two ,  Phill.ips TA W 1 2 / 1 0  

Osc. input, max 40 k w  

Osc. output, max 2o k w  

Pre-exci ter 

Dee bias, d-c max V 

Dee-to-dee, max k v  

Sh i e l  d in  g 3 f t  concrete 



X-882A 

Energy, Mev 

Frequency, Mc/sec 

Mag. field, k-gauss 

Dee-to-dee, kv  

Internal Beam, 
Stable, pa 

Peak, pa 

Energy spread, 76 

External Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

-64- 

A C T U A L  PERFORMANCE D A T A  

-9 

Protons Deuteron s Alphas 

3 "  5 7.0 14, 0 

12 .2  12 .2  12.2 

15  15 1 5  

80 80 80 

500 500 

1000 

5-10 

30 
~~ ~~~~~ 

1 1 

Beam "piped" l 8  f t  to external target. Beam analyzing magnet used? under installation 

Unusual Features 

Published Art ic les Describing Machine 
~~ 

K. G .  Malmfors,  J. Kjellman, and A .  Nilsson, Nucl. Instr .  1, 186 (1957). 



X-882 
F IXED-FREQUENCY CYCLOTRON D A T A  SHEET 

Present Fields of Research % of Time 

Isotope production. by means 

mainly deuterons (mostly time 

20- ZS%, 
of total means of light icans, 

for beta-spectroscopy). (in 1 9 5 7 )  

Accelerator of heavy ions / 
production of alpha-emitters 
( t ranaurar ic  and others], 
fission arid other experiments. 

Design study 

History and Status 

Model tests ( r - 6 )  ,A 

Engineering design hecan 1946 

Construction started 1946 
(first beam at full 

Completion date radius 1 1951 

hrs/wk Scheduled operation /u 40 

Magnet cost ,$l60,000 

Total cost ~ $ 5 0 0 , Q O O  (exclud*%ng 
building), rough estimate 

Design Specifications 

Magnet Design energy and part icle 

25 M~~ deuterons Core dia. 232 cm, in. 
Mag pole face dia, 225 

Mev Pole t ip  dia, 211 cm, in. 
Internal. target 94 

Beam radius, max, def 9 0  cm, in. 
In vacuum 32 .8  Mev 

Field gap, center 2??L& cm,- in. 
Mev 

Field, max 2Q k-gauss 

Field drop-off r l /  2 % at 11 kg R-t= frequency Mc/s 

Weight, F e  370 ; CU 27 tons Osci I lator type 

(siabseq-aent,ly redli:ced ts  22 Mev) 

CboIing 

Dee dia. 

water 
Osc, input, max /v 300 kw 

190 cm,-in. 
Osc. output, max - 1 8 0  k w  

Dee aperture at center 12  cm, in. 

Dee-to-dee gap $ 2  cm,-in. 

Pre-exci ter n. o 

Dee bias, d-c max -70Q v 
d-c def, Beam extraction, type 

Dee-to-dee, max r~ 200 kv  

Ion source, type 
- 

mod. open a r c  
Sh i e l  d i ng underground,, 2 m 

water on t s p  
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X-882A 

ACTUAL P E R F O R M A N C E  D A T A  as of March 1958 

1x. 

3eam "piped" ft to external target. Beam analyzing magnet used? 

Unusual Features 

Insulated dee-stems , short-circuited to ground for r - f  by condensers. 

A variety of heavy ions can be accelerated without changing the frequency 
(max. m / e  -3., i ) -  

Typical t fme te r  cur ren ts t t  for heavy ions at max. dee-volts. 

12C4+ & 1 . 0  p a a t  7 100Mev 

0 . 1  pa at > 100 Mev 

1606' 5 0.1 p a a t  > 80 Mev 
''Ne6' 0,05  pa at > 130 Mev 

22Ne6t 5 0 . 0 2  pa at 7 140 Mev 

14N6t ~ - 

Pubiished Art ic les Describing Machine 

1. H, Atterling, "Design. of Acceleration Chamber and Dees for the 225-cm 

Cyclotron at the Nobel Institute for  Physics ,  Stockholm, I t  Ark. f .  Fysik,  2 ,  

559 (1951). 

2. He Atterling and G.  Lindstrom, "Notes on the 225-cm Cyclotron at the 
Nobel Institute for  Phvsics ,  Stockholm, Ark, f ,  Fysik, 4, 559 (1952). 

3. H, Atterling and G ,  Lindstrom, Fixed-Frequency Cyclotron with 

225 c m  Pole  Diameter,Il Nature, 169, 432 (1952). 
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X-882 

F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  S H E E T  

C 

a 

Present Fields of Research 

1 8 stop e p r oduc t i  om 

i3ialogical exp, 

C ~ u l o m b  excitation 

Magnet 

% of Time History and Status 

1 0  Design study 

5 Model tests 

25 Engineering design 

25 Construct i on started 

25 Completion date 

10 Scheduled operation 

Magnet cost 

Total cost  

Des i qn Spec i f i cat ions 

Core dia, cm, in. 

Pole t ip  dia. cm, 3 3  - I  In. * 

Beam radius, max cm, 1. 5 in, 

Field gap, center cm, 8 in. 

Field, max k9, L k-gauss 

Field drop-off 2 %  

Winding copper 

Weight, F e  6 0  . AI  tons cu 

Coo I ing wat e r 

T ,  2 

14 

28 

1.940 

50 hrs/wk 

approx, $ l o o ,  O O O  

Design energy and part icle 

R-F frequency 

Osci 1 lator type 

Osci l lator tube 

Osc. input, max 

1941 

1944 

" kw 

Dee dia. cm, 31 in. 
Osc. output, max 50 k w  

r.  . Dee-to-dee gap sm, ."in, 

Pre-exci ter 5 s t a g e s ,  push-pukP 833A 

Dee bias, d-c rnax a3 OR 6: V 

Dee-to-dee, max 70 kv  

Shielding 1 33- l  w a t e r ,  top none, 2-2m 
concrete l ab?  walk 

over pleas e 
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Protons 

X-882A 

Deuteron s Alphas 

A C T U A L  PERFORMANCE D A T A  

16 .6  

Energy, Mev 

1 3 . 0  1 3 .  0 Frequency, Mc/sec 

10.9 Man. field, k-qauss 17  1 7  

Dee-to-dee, kv  

200 

Internal Beam, 
Stable, pa 

I 200 I 25 Peak, pa 200 

5 

30 

Energy spread, % 

-1 
200 25 

25 
External Beam, 

Stable, pa 

I 

Peak, pa 30  

Energy spread, % 

25 

3 

7,2  I 8. 7 I 17.4 I I I 

3 

55  I 55 I 55 I 

150 1 150 20 

5 

25 30 

b 

Beam “piped” 20 f t  to external target. Beam analyzing magnet used? no 
quadrupole focusing 

Unusual Features 

P u b I i shed Art  i c I es De scr i b in g Mach in e 
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X-882 

F lXED-FREQUENCY CYCLOTRON D A T A  SHEET 

Name of machine ETH 30e)-crn Cyclatron Hgrajeet 

Inst i tut ion S w i s s  Federal Institute Technolagy 

Address Zurich,  Switzerland 

Person in charge P a  Stahelin 

Person supplying data p StSihelin Date OCf,Ober 1d)SC 

Present Fields of Research 

Magnet 

% of Time History and Status 

Design study 

Model tests 

Engineering design 

Construction started 

Completion date 

Scheduled operat ion 

Magnet cost 

Total cost 

Des i gn Spec i f i cations 

Core dia. 3 0 6  cm, in. 

Pole t ip  dia. 300 cm, in. 

Beam radius, rnax 121 cm, in . 
36  cm, in. Field gap, WWrnin 

Field, mxx center 16 k-gauss 

Field drop-off (spiral r idges)  % 

Weight, Fe  625 ; C-U 47 tons 

Winding tub iilg 

Coo i ing w a t e r  

Dee dia. 250 cm, in. 

cm, -in. 

Dee-to-d ee gap cm, -in. 

Beam extract ion, type 

Ion source, type Oak RicJge 

Dee aperture 10 

e let trostati@ 

Jan 1958 

hrs/wk 

Design energy and particle 
N3+ 

Mev 

zoo Mev 

R-F frequency 

Osci I lator type 

Osci llator tube 

Osc. input, max 

Osc. output, max 

Pre-exci ter 

Dee bias, d-c max 

Dee-to-dee, max 

Sh i e l  d i ng 

Mc/s 

B r o w n  Boveri  SK5lB3 

€33 s 50 

k w  

3 0 0  k w  

V 

.Pw 400 kv 

concrete,  165 c m  



X-88 2 A 

Pro tons 

Energy, Mev 

Frequency, Mc/sec 

Mag. field, k-gauss 

Dee-to-dee, kv 

Internal Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

External Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

-70 -  

ACTUAL P E R F O R M A N C E  D A T A  

Deuteron s Alphas 

Beam “piped” ft to external target. Beam analyzing magnet used? 

Unusual Features 

Four-sector ,  spiral-ridged, pole tips with the magnet gap 45 f 9 c m  

and witk a max sp i ra l  of 50 degrees.  

Published Articles Describing Machine 



X-882 

-aI.-. 

FIXED-FREQUENCY CYCLOTRON D A T A  SHEET 

Address P. 0, Box 3545, PTetQrIa, ,  sou th Africa 

Present Fields of Research 

Isotope production. for  

nuc le  ar s R ee t P o s e: QDV 

Beam extraction ~ ~ r k  

Magnet 

History and Status % of Time 

Design study 1950 - 1952 

50 Model tests 

Engineering design 1951 0 1953 50 

Completion date January 1958 

Schedu led ope rat ion 20 hrs/wk 

Magnet cos t / 2 5 . 0 0 0  

Total cost  

Des i gn Spec i f i  cat ions 

Core dia. crn, 55 in. * 

Pole t ip  dia. crn,440 5 in. 

Beam rad ius, max 45 cm, in. 

Field gap, center cm, 5 .  in. 

Field drop-off O.7 % 

Field, max 17% 5 k-gauss 

Weight, Fe  a 3 *  8 ; AI. 5.4 tons 

Winding 

Cooling 

Dee dia. 

Dee aperture 

Dee-to-dee gap 

Beam extraction, 

Ion source, type 

distilled water 

105 cm, in. 

cm, in. 

cm, -.-.--in. 

5 

6 

not yet installed t Y  Pe 

open, spare filament 

a p 1 0 0 , 0 0 0  

Design energy and particle 

Mev 

Mev 

Osci l lator tube two, Macb...aett M L  5658 

Osc. input, max 13 k w  

OSC. output, max 6 . 5  k w  
1 - kw input, tickle 71" 
OWCiJISFLtOT" 6 ,  5 M c / s  Pre-exci ter 

Dee bias, d-c max no17p.e V 

Dee-to-dee, max % l o  kv 

Sh i e l  d i ng 4 m earth and concrete 

over pleas e 



- 72- 

Deuteron s 

15  

ACTUAL PERFORMANCE D A T A  

Alphas 
1 

32 I I 

Protons 

Energy, Mev 

200 

Frequency, Mc/sec 

Mag. field, k-gauss 

Dee-to-dee, kv 

Internal Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

External Beam, 
Stable, pa 

L 

Peak, pa 

23 0 

I Energy spread, % I 

I 

1 7 -  5 I I I I 

L 

Beam “piped” ft  to external target. Beam analyzing magnet used? not yet 

Unusual Features 

Dee lines at angle of 20 deg to each other,  Single diffusion>pump, between 

dee lines. Dees removable through dee-stem housings. Ion source with 

spare filament (at other end). 

Published Articles Describing Machine 

The Cyclotron of the National Physical Research Laboratory, Report No. 1, 

C S .  1. R. P re to r i a  (April 1958). 
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4 

X-882 

Person in charge G o  F'=eB"0'61 

Present Fields of Research % of Time 

Design study 

Model tests 

Engineering design 

Construction started a958 

Completion date 

Scheduled operation hr s/w k 

Magnet cost 

Total cost 

Des i gn Spec i f i cat ions 

Magnet 

Core dia. cm, in. 

Pole t ip  dia. 300 cm, in. 

Beam rad ius, rnax cm, in. 

Field gap, center crn, in. 

Field, max k-gauss 

Field drop-off % 

Weight, F e  . AI  tons 

Wind ing 
c u  

Coo I ing 

Dee dia. cm, ____ in. 

Dee aperture cm, ____ in. 

Dee-to-d ee gap cm, -in. 

Beam extraction, type 

/on source, type 

History and Status 

Design energy and part icle 

8 -  IO ~~~~~~ Eeavy ions 

Mev 

Mev 

Mev 

R-F frequency Mc/s 

Osci I lator type 

Osci l lator tube 

Osc. input, max k w  

Osc. output, max - kw 

Pre-exci ter 

Dee bias, d-c rnax V 

Dee-to-dee, max kV 

Shielding 

over pl  ease 



.. 74- 

. -- Protons Deuterons Alphas 

Energy, MeV 

Frequency, M d s e c  

Mag. field, k-gauss 

Dee-to-dee, k v  

Internal Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

External Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

X-882A 
A C T U A L  P E R F O R M A N C E  D A T A  

Beam “piped” f t  to external target. Beam analyzing magnet used? 

Unusual Features 

Published Art ic les Describing Machine 



X-882 
F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  SHEET ** data not verified 

4 

c 

Name of machine 

Ins t i tu t ion Ukranian PhysSca4, Institute 

Address Kiev, USSR ll__l 

Person in charge Nemetz 

Person supplying data (varrioxls source8~ Date 

Present Fields of Research % o f  Time History and Status 

Magnet 

Core dia. cm, in. 

Design study 

Model tests 

Engineering design 

Construction started 

Completion date before 1956 

Scheduled operation hr s/w k 

Magnet cos t 

Total cost  

Des i gn Speci f i cat ions 

Design energy and part icle 

a MeV a 
Pole t i p  dia. cm, in. 

in. Beam radius, max cm, - 
Field gap, center cm, - in. 

Field, rnax k-gauss 

Field drop-off 

. A I  tons 
c u  

Weight, F e  

Winding 

Coo I ing 

Dee dia. cm, - in. 

Dee aperture cm, - in. 

Dee-to-dee gap cm, -.-.--in. 

Beam extraction, type 

ion source, type 

Mev 

Mev 

Mev 

R-F frequency Mc/s 

Osci l lator type 

Osci I lator tube 

Osc. input, max k w  

Osc. output, max kw 

Pre-exci ter 

Dee bias, d-c max V 

Dee-to-dee, max k V  

Shielding 4 

over pleas e 



X-882A 
-76-  

A C T U A L  P E R F O R M A N C E  D A T A  

Beam ' ' p i ped ' ' f t  to external target. Beam analyzing magnet used? 

Unusual Features 

Published Art ic les Describing Machine 
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X-882 

F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  S H E E T  ** data not verified 

Name of machine 

Inst i tut ion Leningrad University 
c 

Address Leningrad., USSR 

History and Status Present Fields of Research % of Time 

Gamma spectra Design study 

Model tests 

Engineering design 

Construction started 

Completion date 

Scheduled operation 

Magnet cost 

Total cost  

Des i gn Speci f i  cat ions 

1949 

hrs/wk 

Magnet Design energy and part icle 

4 M~~ deuterons Core dia. crn, in. 

Pole t i p  dia. 76 cm, in. Mev 

Beam radius, max cm, in. 
Mev 

Field gap, center cm, - in. 

Field, max k-gauss 

R-F frequency 

Osci I lator type 

Osci l lator tube 

Osc. input, max 

Osc. output, max 

Pre-exci ter 

Dee bias, d-c rnax 

Dee-to-dee, max 

Shielding 

Mc/s Field drop-off % 

Weight, F e  30  , . A I  tons 

Winding 
c u  

Cooling 
k w  

k w  
Dee dia. cm, in. 

Dee aperture cm, in. 

Dee-toed ee gap cm, -.--..-in. 
V 

Beam extraction, type 
kv 

Ion source, type 

over pleas e 
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X-88214 

ACTUAL P E R F O R M A N C E  D A T A  

Beam “piped” ft to external target. Beam analyzing magnet used? 

Unusual Features 

Pub1 i shed Articles Describing Machine 

C 



F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  S H E E T  ** data not verifi&d 
c 

Name of machine I( / 

Insti tut ion Leningrad University 

Address Leningrad, USSR 

I 

/ 

Person in charge 

Person supplying data (various ~caurces) ,, Date 

Present Fields of Research 

/ 

/ 

%of Time History and Status 

I 

Des ign study ' 

Model tests 

Engineering design 

Construction started 

Completion date 1958 

Scheduled operation hrs/wk 

Magnet cost 

Magnet 

Total cost 

Design Specifications 

Core dia. cm, In. 

Pole t ip  dia. 1.20 cm, . in. 

Beam radius, max C'  ' cm, in. 

Field gap, center cm, in. 

Field, max 14 k-gauss 

Field drop-off % 

k- 

Weight, Fe  120 , . AI  tons 
i 

Winding1 

Coo I ing 

c u  

Dee dia. cm, in. 

Dee aperture cm, - in. 

Dee-to-dee gap cm, ~ t n .  
i 

Beam extraction, type 

ion source, type 

Design energy and part icle 

12. 5 MeV deuterons 

25 MeV dpk3.S 

Mev 

Mev 

R-F frequency Mc/s 

Osci llator type 

Osci l lator tube 

Osc. input, max kw 

Osc. output, rnax 120 kw 

Pre-exci ter 

Dee bias, d-c rnax V 

Dee- to-dee, rnax kv 

Sh i el d i ng 

over please 



-80-  

Pro tons 

Energy, Mev 

Frequency, Mc/sec 

Mag. field, k-gauss 

Dee-to-dee, kv  

Internal Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

External Beam, 
Stable, pa 

Peak, l a  

Energy spread, % 

x-88 2 A 

Deuterons Alphas 

~ 

A C T U A L  P E R F O R M A N C E  D A T A  

Beam “piped” f t  to external target. Beam analyzing magnet used? 

Unusual Features 

Published Art ic les Describing Machine 

c 



X-882 
F IXED-FREQUENCY CYCLOTRON DATA SHEET ** data not ./eTif!ed 

Name of machine -I 

Ins ti tu t ion Physical- Technical Institute 

Address 

Person in charge 

Person supplying data (various SQUPCW 1 Da te 

Present Fields of Research 

Heavy-ion reactions 

Coulomb excitation 

% of Time History and Status 

Design study 

Model tests 

Engineering design 

Construction started 

Completion date 

Scheduled operation 

Magnet cost . 

Total cost  

Design Specifications 

Magnet 

Core dia. cm, in. 

Pole t i p  dia. 120 cm, in. 

Beam radius, max cm, in. 

cm, in. F ie ld  gap, center 

Field, max k-gauss 

Field drop-off 

ton 5 Weight, F e  . A I  
c u  

Winding 

Coo I ing 

Dee dia. cm, - in. 

Dee aperture cm, - in. 

Dee-to-dee gap cm, ---.-.-in. 

Beam extraction, type 

Ion source, type 

Design energy and particle 

25 Mev IN3+ 

13.  6 MeV aI&)ksas 

Mev 

Mev 

R-F frequency 

Osci I lator type 

Osci l lator tube 

Osc. input, max 

Osc. output, max 

Pre-exci ter 

Dee bias, d-c max 

Dee-to-dee, max 

Shielding 

Mc/s 

kw  

kw 

over please 



X-882A 

Energy, Mev 

Frequency, Mc/sec 

Mag. field, k-gauss 

- 82- 

A C T U A L  P E R F O R M A N C E  D A T A  

Pro tons Deuterons Alphas N5 + 

1 3 . 6  25 

~ 

External Beam, 
Stable, pa 

Peak, ,ua 

0.5 

Energy spread, 76 1 

Beam “piped” f t  to external target. Beam analyzing magnet used? 

Unusual Features 

1 

Published Art ic les Describing Machine 
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X-882 

F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  S H E E P  ** data not verified 

Name of machine 

Ins t i tu t ion Radium Insti.tute 

Address Len.ing rad, USSR 

Person in charge 

t 

Present Fields of Research % of Time History and Status 

Design study 

Model tests 

Engineering design 

Construction started 

Completion date 

Scheduled operation 

Magnet cost  

Total cost  

Des i gn Spec i f i cat ions 

Magnet 

Core dia. cm, in. 

Pole t i p  dia. 3 5  cm, in. 

Beam rad ius, max cm, in. 

F ie ld  gap, center cm, - in. 

Field, max k-gauss 

Field drop-off % 

Weight, F e  . AI  tons 

Winding 
c u  

Cooling 

Dee dia. cm, in. 

Dee aperture cm, in. 

Dee-to-d ee gap crn, -.-..-in. 

Beam extraction, type 

Ion source, type 

1937 

hrs/wk 

Design energy and part icle 

2 MeV deuterons 

Mev 

Mev 

MeV 

R-F frequency 

Osci l lator type 

Osci l lator tube 

Osc. input, max 

Osc. output, max 

Pre-exci ter 

Dee bias, d-c max 

Dee-to-dee, max 

Shielding 

Mc/s 

kw 

k w  

V 

kv  



X-882A 

Protons 

Energy, Mev 

Frequency, Mc/sec 

Mag. field, k-gauss 

Dee-to-dee, k v  

Internal Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

External Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

84- 

A C T U A L  P E R F O R M A N C E  D A T A  

Deuterons Alphas 

Beam “piped” f t  to external target. Beam analyzing magnet used? 

Unusual Features 

Reported to be the first cyclotron built in Europe, 1937 ,  

Median plane of magnetic field is ver t ical .  

n 

Pub1 i shed Art ic les Describing Machine 
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x-a82 

F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  SHEET ** data not verified 

Name of machine 

Inst i tut ion A t s d c  ElkeR"(lv 1nstibI.te 

Address Moscow, USSR 

Person in charge 

Person supplying data (vario-9.s sources) Date 

MOSCOIN 6 O - h ~ h  G y c l ~ t a ~ ~ n  

Ki r chat czla7 

Present Fields of Research 

Light - par tie le physic s 

Heavy-particle physics 

Nuclear chemistry 

% of Time History and Status 

Design study 

Model tests 

Engineering design 

Construction started 

Completion date 

Scheduled operation 

Magnet cost 

Total cost 

Design Specifications 

Magnet 

Core dia. cm, in. 

Pole t ip  dia. cm, 59 in. 

cm, 26.  6 in. Beam rad ius, max 

Field gap, center cm, 7 in. 

Field, max 

Field drop-off 

Weight, Fe  330  , . A I  tons 
c u  

Winding 

Cooling air 

Dee dia. cm, .~ in. 

Dee aperture cm, in. 

Dee-to-d ee gap cm, -in. 

Beam extraction, type 

ion source, type sl i t  

1945 

1949 

168 hrs/wk 

R-F frequency 

Osci llator type 

Osci l lator tube 

Osc. input, max 

Osc. output, max 

Pre-exci ter 

Dee bias, d-c max 

Dee-to-dee, max 

Sh i eld i ng 

Mc/s 

kw 

130 kw 

V 

16' kv  

water, 1 m 

over pl  ease 



X-882A 

I Protons Deuterons Alphas c ,  N, 0 

Energy, Mev 1 2  -100 

Frequency, Mc/sec 

Mag. field, k-gauss 

Dee-to-dee, k v  

Internal Beam, 
Stable, pa 1000 5 

Peak, pa 

Energy spread, 75 

External Beam, 
Stable, pa 250’ 40** 200* 30** 

Peak, l a  

Energy spread, % 

-86- 

A C T U A L  P E R F O R M A N C E  D A T A  

Unusual Features 

Published Art ic les Describing Machine 
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F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  SHEET 
$4 data not verified 

Name of machine __II.~ 

Inst i tut ion Thermotechnical Institute --- 

Address M O S C O W ~  USSR 

Person in charge Niki tin 

Person supplying data (various S Q U T C ~ S )  Date 

Present Fields of Research 

Neutron t ime of flight 

Neutron multiplication 

Polarization 

Magnet 

% o f  Time History and Status 

Design study 

Model tests 

En gi neer i ng des i gn 

Cons tru c ti on started 

Completion date 1949 

Scheduled operation 90 h r s/w k 

Magnet cost 

Total cost 

Desiqn Specifications 

Core dia. cm, in. 

Pole t ip  dia. 120 cm, in. 

Beam radius, max cm, - in . 
Field gap, center cm, in. 

Field, max k-gauss 

Field drop-off % 

Weight, Fe  . AI  tons 
' c u  

Winding 

Coo I in g 

Dee dia. 

Dee aperture 

Dee-to-dee gap 

Beam extraction, type 

ion source, type 

~ 

cm, - in. 

cm, -in. 

cm, ___in. 

Design energy and part icle 

14 

R-F frequency 

Osci I lator type 

Osci l lator tube 

Osc. input, max 

MeV deuterons 

Mev 

Mev 

Mev 

Mc/s 

k w  

Osc. output, rnax k w  

Pre-exci ter 

Dee bias, d-c max V 

k V  Dee-to-dee, max 

Shielding water + boric acid,  
I m  

150 

over please 



X-882A 

Protons 

Energy, Mev 

Frequency, Mc/sec 

Mag. field, k-gauss 

Dee-to-dee, k v  

I nterna 1 Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

External Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

-88- 

A C T U A L  P E R F O R M A N C E  D A T A  

Deuterons Alphas 

Beam “piped” f t  to external target. Beam analyzing magnet used? 

Unusual Features 

Pub1 ished Art ic les Describing Machine 
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-89- 

F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  S H E E T  

Inst i tut ion Birmingham University, Department of Physics 

Present Fields of Research 

BeinQ converted 

Magnet 

Core dia. 

% of Time History and Status 

Design study June 1957 

Model tests none 

Engineering design Octo 957 

Construction started 

Completion date (April 1 9 6 0 )  

April  1958 

_. 

Scheduled operation hrs/wk 

Magnet cost 

Total cost  

Des i gn Speci f icat ions 

Design energy and part icle 

i2 

Pole t ip  dia. cm, 40 in. 

Beam radius, max cm, 18  in. 

F ie ld  gap, center 3 , 2 5  ar,d 4, 25 in .  

Field, tww ave 16 k-gauss 

Field +ff r i s e  0 ,  85 % R-F frequency 

Weight, F e  40 ; C-U 8 tons Osci I lator type 

Winding strip, 1 x0. 2 in. 

Coo I ing 

Osci l lator tube 

Osc. input, max 

Osc. output, max 

Pre-exci ter 

water-cooled rubber bags 

Dee dia. cm, 41 in. 

Dee aperture cm, 1 0 2 5 .  in. 

Mev 

Mev 

MeV 

Mc/s 

TP,  TG 

B W  Ilk21 (Engo Elect.  

58 k w  

45 k w  

Destadset 8 9  single d- cm, -.---in. 

Beam extraction, type 

Ion source, type 

Dee bias, d-c max $00 V 

d-c deflector 
35 kv  Dee- to-de%jliax 

Sh i eld i ng concrete,  4 f t  
hooded carbon a r c  

over p I eas e 



X-882A 

Pro tons Deuterons Alphas 

Energy, Mev - 
Frequency, Mc/sec 

-90-  

ACTUAL P E R F O R M A N C E  D A T A  

! 

I 
1 

Internal Beam, 
Stable, pa 

Peak, pa 

Energy spread, 7% 

- 

External Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

.__ 
Mag. field, k-gauss 

I 

I 

Dee-to-dee, kv 
I 

Beam "piped" f t  to external target. Beam analyzing magnet used? 

Unusual Features 

The machine is a conversion of the Cambridge (Cavendish) 37-Inch 

Cyclotron, It has three flat sectors  with 3.25dn.  between hills and 

4. 24-in. between valleys. The s tem to the single 180-deg dee is brought 

out to air via insulators.  

a 

Published Art ic les Describing Mach ine 
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F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  S H E E T  

Name of machine The Nuffield Cyclotron 

Ins ti tution University of 3irniin- 

Address Edgbaston, Birrningha-m, England 

Person in charge P r o f ,  Vta E ,  Burcham 

Person supplying data Vir. E .  Burchan? Date October 1958 

Present Fields of  Research % of Time History and Status 

1 Nuclear reaction of H , Des ign study 

50 Model tests 
3 4 H2, He , He 

Engineering design Heavy - ion reactions 

25 Construction started 1938 Biological t r ace r  studies 

18 
with F Completion date 1949 

25 Scheduled operation 70 hrs/wk Is otop e production 

Magnet cost 

Total cost 

Design Specifications 

Magnet 

Core dia. cm, 75  in, 

61 5 Pole t ip  dia. cm, * in. 

Beam radius, max cm, in. 

F ie ld  gap, center cm, 10 in. 

Field, max 18 k-gau s s 

27 * 

F ie ld drop-off 2 % 

Weight, F e  2 5 0  ; CV. 40 tons 

Winding 

Cooling 

Dee dia. 

Dee aperture 

Dee-to-d ee gap 

Beam extraction, type 

Ion source, type 

s t r i u  

air 

28 5 .  cm, 4 in. 

3 -  cm, ---.-in. 

electrostatic 

hooded a r c  

Design energy and part icle 

10 M~~ protons 

20 M~~ deuterons 

40 M~~ alphas 

lO/mc MeV heavy ions 

R-F frequency Mc/s 

Osci I lator type gnd-g 

Osci llator tube laboratory-made 

Osc. input, max 150 kw 

Osc. output, max 100  kw 

Pre-exci ter M , O .  - amp. -driven 

Dee bias, d-c max V 

Dee-to-dee, max 200 kv  

Shielding concrete and w,a%er 



X -8 8 2 A 

Dee-to-dee, kv I 170 

Internal Beam, 
Stable, pa 500 

Peak, pa 800 

Energy spread, % 

External Beam, 
Stable, pa 80 

Peak, pa 

Energy spread, % 

-.92- 

A C T U A L  P E R F O R M A N C E  D A T A  

170 1 a0 1 a0 170 

300 50 15 

200 100 

50 6 3 

100  20 

3 4 3 

Beam "piped" 1 5  ft to external target. Beam analyzing magnet used? Yes 

Unusual Features 

* 
Concentric pole face windings used to co r rec t  field shape at these 

lower values; effective change of 1% obtained, 

P u b I i shed Ar t  i c I e s De sc r i b in q Mach in e 

1. J o  H. Freml in  and J. S. Gooden, l tCyclic Accelerators,Il  Rep Pro_p, Phys. 

13>> 
' I  1 1  b 

2, The University of Birmingham Cyclotron, Nature 169, 476 (1952). - 
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Protons 

Energy, Mev 

Frequency, Mc/sec 

Mag. field, k-gauss 

X-882A 

Deuterons Alphas 

9.0 

1 2 , 5  

16.8 

ACTUAL P E R F O R M A N C E  D A T A  

Dee-to-dee, k v  

Internal Beam, 
Stable, pa 

Peak, pa 

Energy spread, 76 

External Beam, 
Stable, pa 

Peak, pa 

Energy spread, % * 

I 
60 

40 

100 

1.5 
* 

P u b I i shed Ar t  i c I e s De s c r i b in g Mach in e 

4 



x-882  
F I X E D - F R E Q U E N C Y  CYCLOTRON D A T A  SHEET 

Name of machine hkP;C Cvcla'cron 

Ins t i tu t ion h/T 5 di c a 1 R e s 3 arch  C ounc i 1, R adi oth e r ap eut i c R e s e a r c h U n  i t - 

Person in charge 0.  13, V m b e r g  

Person supplying data D *  D ,  Vonberg  Date July 1958 

Present Fields of Research % of Time History and Status 

production of Isotopes Design study Jan. 1950 

1 / Z  life < 30 rain 25 Model tests Jan, 1950 

1 / 2  life > 3 0  min 50 Engineering design Jan, 1950 

1951 N eu t r o 11 2 e a YL,EL ni e a s u IC e i-gl e i 1 t s 

for  Therapv (temp suspended) Completion date July 1955 

Construction started 

Scheduled operation hrs/wk 

Eng develapment 25  Magnet cost &' 40,000 

Total cost ,.jf 150, 003 

Design Specifications 

Design energy and part icle Magnet 

15 Core dia. cm, J " 7  in, 

Pole t ip  dia. cm, in. 

Beam rad ius, rnax =m, 2 1  - l / & n .  

Field gap, center cm, 6 in. 

50 * 30 Mev a h h a  .Darticles 

7 * 5  

Mev 
Field, max 15 k-gauss 

Field drop-off 3 112 % 

Weight, Fe  ; A1 11 tons 

Wind in g 

Coo I ing water 

a Pu rir inur-n 

Mc/s 11" 3 R-F frequency 

Osci I lator type 

Osci I lator tube 

Osc. input, max 

crystal  controlled 
drive r neut ralize 61 
Dower arnulifier 

10L k w  
50 . Dee dia. cm, - in. 

k w  ' I  5 Osc. output, max 

Pre-exci ter no 

none Dee bias, doc max V 

Dee-to-dee, max lZ0  kv 

2 1 /4in Dee aperture cm,- 

Dee-to-d ee ga p cm, -in. 2 114 * 
# 

Beam extraction, type d-c deflector 

Oak Ridge 
c a 14 b on c hiam e y 

ion source, type 6 f t  concrete,  wi th  
10 f t  l a b  w a l l  

Shielding 



X”882A 

Energy, Mev 

Frequency, Mc/sec 

Mag. field, k-gauss 

Dee-to-dee, k v  

I nterna 1 Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

External Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

- 9 4 -  

A C T U A L  P E R F O R M A N C E  D A T A  

Protons Deuterons Alphas 

7 * 5  15 30 

11.3 11.. 3 x1,3 

14.8 14, 8 14. 8 

120 120  120 

I 

500 500 

1000 1000 

50 50 

100 100 

. 
Beam “piped” 8 ft  to external target. Beam analyzing magnet used? quadrupole focusing 

Unusual Features 
magnet on tes t  

Carbon az le rhre  5/16 in. sq af ter  one turn to limit dissipation on 

dees Closed circui t  television viewing of carbon aperture ,  ion source 
chimney, and target .  

Published Art ic les Describing Machine 

“A Cyclotron for Medical Research,  Institution of Electr ical  Engineers 

Proceedings 104, Part B,  No. 17 (Sept. 1957). - 
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F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  S H E E T  

Name of machine ANL 60-Inch. Cyclotron 

Inst i tut ion Argonne National. Laboratorv 

Address P.0 ,  BQX 299 ,  1, emont, Illinois 

Person in charge W. J. Ramler - G .  W, P a r k e r  

Person supplying data wa J J  Ram%er Date June 1958 

Present Fields of  Research % of Time History and Status 

Physics Div, (scattering) 25 Design study 

Chemistry Div, and 75 Model tests 
participating ins titutions 

la) Nuclear activator s t u . ~  e S  Engineering design 

Design and. 
( b )  Solid state physics Construction started June 1949 

(c )  Radiation chemistry Completion date June 1952 

Scheduled operation 60-80 hrs/wk (d) Fission studies 

( e )  Isotope production Magnet cost 

Total cost  $950,000 cyclotron 
$840,000 bldg. and 

fac iliti e s , 
Des i gn Spec i f i cat ions j 

Magnet 

Core dia. 

Design energy and part icle 

74-318 
cm, in. 21, 6 Mev deuterons 

43, 2 kev alphas Pole t ip  dia. cm, 62 in. 

26 in. Beam rad ius, max cm, 

Field gap, center cm, 14 in. 

Field, max 144 9 k-gauss 

10.8 MeV protons (H2) -2-2- 

MeV 

R-F frequency Mc/s 
push-pull, 4- TP,  ’amp, Field drop-off 2 . 9  % 

Weight, F e  2 6 5  ; A l  26 tons Osci l lator type pusb-~ul l .  gnd-g 

Winding 

Coo I ing 

Dee dia. 

Dee aperture 

Dee-to-d ee gap 

Beam extraction, type 

Ion source, type 

ahminum 

de mine r ali a6 e d w a t e r 
27-.Li 2 

cm, - in. 

Osci l lator tube M L  356  
Arnplifim tube M L  5681 
g s l j n p u t ,  max 200 k w  

8perating Input 70- 100 
sc. output, max kw  

Pre-exci ter 

V none Dee bias, d-c max 

Dee- to-d e e , ma x 310 kv 

Sh i e l  d i ng 150-lb concrete, 
7- f t  walls, 4-ft roof 



X-882A 

14:, 9 

Energy, Mev 

24.9 

Frequency, M d s e c  

240- 260 

Maq, field, /<-gauss 

240- 260 Dee-to-dee, kv 

Not 
Maximized 

1 

In 

330 

1 

ernal Beam, 
Stable, pa 

Peak, ua 

Energy spread, % 

External Beam, 
Stable, pa 

Peak, pa 

Energy spread, 75 

-9s- 

A C T U A L  P E R F O R M A N C E  D A T A  

Protons I Deuterons 

l a ,  200 

3 5 0  I a00 

Not Maxi L ized 

I Not Measured 

100-1  25 I 225 

Alphas I 1 

14.9 

350 

100-125 I I 

1 

Beam “piped” 40 f t  to external target, Beam analyzing magnet used? no 

Unusual Features 

Focused external beams can be used either in the vault o r  in experimental 

tunnel. About 20% of the total deflected beam can be focused. Helium ion 

e 

of 1 x 2 m. In October, 1958 a m&inI.e b-rt svscs_tem wiJJ he inst& do 

A t  this t ime,  a squeezing coil will. be installed to facilitate the focusing of 

about 50% of the deflected beam, 

Published Art ic les Describing Machine 

A report  w i l l  be ready for circulation about September 1958. 



X-882 
F I X E D - F R E Q U E N C Y  CYCLOTRON D A T A  S H E E T  

Name of machine BNL 18-Ignch Cyclotron 

Inst i tut ion Brookhaven National Laboratorv 

Address Upton, New York 

Person in charge G ,  N ,  Glasoe 

Present Fields of Research % of Time History and Status 

Elastic and inelastic Design study 

scattering of neutrons 75  Model tests 

Study of (p ,n)  reactions 25 Engineering design 

Construction started 

Completion date 1952- 53 

Scheduled operation 35-40  hrs/wk 

Magnet cost  

Total cost  $1 10,000 

Des i gn Spec i f i cat ions 

Magnet Design energy and part icle 

3 MeV protons 18 Core dia. cm, in. 

Pole t ip  dia. crn, 18 in. 

Beam radius, max cm, 7 5  in. 

cm, 3 in. Field gap, center 

Field, max k-gauss 

2 M~~ deuterons 

Mev 

Mev 

R-F frequency 20 Mc/s F ie ld  drop-off 3 %  
Weight, F e  6 ; cu 4 tons Osci I lator type self-ex, 

Winding 

Coo 1 ing 

Dee dia. 

Dee aperture 

Dee-to-d ee gap 

Beam extraction, type 

Ion source, type 

'''I '- Oscil lator tube 5771 

Osc. input, max 35 k w  

Osc. output, max 20 kw 
17 - cm, - in. 

cm, 1314 - * in. 
Pre-exci ter 

]I n J z *  cm, -in. 
Dee bias, d-c max V 

DC deflector 
Dee-to-dee, max 60  k v  

hot cathode, 
copper a r c  house Shielding concrete 

over pl ease 



- 100-  

Energy, Mev 

Frequency, Mc/sec 

Mag. field, k-gauss 

Dee-to-dee, kv  

internal Beam, 
Stable, pa 

Peak, pa  

Energy spread, 76 

External Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

X-882A 

Protons Deuterons Alphas 

3 

20 

13.1 

60 

1000-2000 

800 pa 
100 pa focused on tarsget 15 f t  f rom machine 

1 
& 

A C T U A L  PE RFORMAN CE D A T A  

t 

Beam "piped" 15 f t  to external target. Beam analyzing magnet used? no 

Unusual Features 

The phase bunching of the protons is utilized to produce short pulses of 

neutrons; pulse at target  is, 1. 5 ns duration. The pulsed charac te r  of the 

beam, together with fast time-to-pulse-height converter ,  make it possible 

to do nanosecond timing with neutrons in Mev range and to use  multi- 

channel analyzer to display neutron spec t ra  in inelastic scatering o r  in  

(p ,n )  reactions,  

Pub1 ished Art ic les Describing Machine 
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X-882 

F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  S H E E T  

Name of machine BNL 60-Inch Cyclotron 

inst i tut ion 

Address 

€3 r ookhaven National Laboratory 

Upton? Long Island, New, York 

Person in  charge C ,  P. Baker 

Person supplying data ; Date October 1958 

Present Fields of Research % o f  Time History and Status 

Des ign study Nuclear reactions 3 2  

Radiochemistry 15 Model tests 

Engineering design Decay scheme and p spec t ra  20 

Construction started Radiation chemistry 10 

Completion date Nuclear moments 18 April  1951 

' ' 8  hrs/wk Medicine and biology 5 Scheduled operation 

Magnet cost 

e $750,000 Total cost  

Des i gn Spec i f i cat ions 

Magnet Design energy and part icle 

MeV deuterons 

Mev 

Core dia. cm, "2 in. 

Pole t i p  dia. cm, 62 in. 

25. 5 in. Beam radius, max cm, - 

Field gap, center cm, 16  in. 

Field, max 1 5  k-gaus s 

Field drop-off I %  

20 

Mev 

Mev 

R-F frequency 

Osci I lator type 

Osci i lator tube 

Osc. input, max 

Osc. output, max 

Pre-exci ter 

11 Mc/s 

Weight, F e  2'10 - A1 tons 

Winding A1 strap 

Coo I ing wate 1" 

a a r  2 3/$x'1 /2  in ,  
MOPA 
Q S C ,  2-5771 
amp. 4 -  56% 

Dee dio. cm, - in. 
not measured kw 

Dee aperture cm, - 4 .  in. 
* 

Dee-to-dee gap -- cm, 3 i n .  
Dee bias, d-c max ;r 31-1 e v 

Dee-to-dee, max 208 k v  

Shielding loaded concrete 4 to 5 i t  

over pl ea5 e 

Beam extraction, type internal deflector 

Ion source, type arc  (hot cathsde) 



X-882A 

Energy, Mev 

Frequency, Mc/sec 

Mag. field, k-gauss 

Dee-to-dee, kv  

-102-  

A C T U A L  P E R F O R M A N C E  D A T A  

Protons Deuterons Alphas 

10,5  21 42  

1LO5 1 1 . 0 5  11.05 

E5 1 5  1 5  

1-200 I w200 I -200 

internal Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

External Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

300 300 300 self impos-;ed limit, 

300 300  200 could be increased 

not measured 

50 50 30 
self impossd limit, 

50 50 50 could be increased 

1 1 1 

no 
i 

Beam “piped” 30 f t  to external target. Beam analyzing magnet used? 

Unusual Features 

Under pulsed conditions, 1 ma peak deuteron current for 0 . 6  p s  pulse, 

The phase-focused beam-bunches of r3 4 ns dGration and 10 ma  peak can be 

isolated and used at a low repetition ra te  by pulsing both the a r c  and the 

deflector 

c 

Published Art ic les Describing Machine 
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F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  S H E E T  

Name of machine 

Inst i tut ion University of California 

Address Berkele-y 4, California 

Person in charge William B .. Jones 

C roc ke r Labor ato r y 6 0 - Inch C yc l o t r m  

Person supplying data William E3 . Jones Date M a y  E958 

Present Fields of Research 

Isotope production 

Scattering exp, 

C r o s s  section work 

% of Time 

5 . 5 2  

5. 52 

N eu t r on w,o r k 6 .  08 

(Other) 1 1 . 0 5  

3 3 . 1 5  

Magnet 

Magnet cost 

Total cost  

Design Specifications 

Winding 

Coo I ing 

Dee dia. 

Dee aperture 

Dee-to-d ee gap 

Beam extraction, type 

ion source, type 

History and Status 

Design study 

Model tests 

En gi neer i ng des i gn 

Construct ion started 1937 

Completion date 19339 

Scheduled operation 90 hrs/wk 

Core dia. cm, 73. in. 

Pole t ip  dia. cm, 7 2  in. 

Beam radius, max cm,25 1 /an.  

3 3 /I? Field gap, center cm, in. 

Field, max 19.  7 k-gauss 

Field drop-off at  max 5 % 

Weight, F e  196 ; Cu 7.5 tons 

oil 

cm, 26 1 I&. 
cm, - 2 3 1 4  in. 

cm, 3 i n .  

d-c and r - P  defl, 

caDiPlasv 

Design energy and part icle 

R-F frequency 

Osci I lator type 

Osci l lator tube 

Osc. input, max 

Qsc. output, max 

Pre-exci ter 

Dee bias, d-c max 

Dee-to-dee, max 

Shielding 

1 2  Mc/s 

k W  

kw 250 

no 
~ 

nOilZ v 

200 k v  

5 %"c wat2r 

over pleas e 
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Pro tons Deuterons 

Energy, Mev 1 2  24 

Frequency, Mc/sec 1 2  12 

- 104- 

A C T U A L  PERFORMANCE D A T A  

Alphas 6 c 1 2  6 0 1 6  

48 144 152 

1. 2 1 2  1 0 . 7  

Mag. field, k-gauss 

Dee-to-dee, kv 

Internal Beam, 
Stable, pa 

16 .15  16.15 16 .15  1 6 . 1 5  19. 1 

160 160 160 160 160 

Peak, Da 
~ 

Energy spread, % 

External Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

I 0 . 2  

50-60 90 50-60 

110 125  100 0.0002 

( 1  1 1 

I 0 . 1  

Beam “piped” 24 f t  to external target. Beam analyzing magnet used? B e a m  steered but  
not ana lyzed  

Unusual Features 

t 

Remode led  four times in 16 y e a r s  f o r  maximum f lex ib i l i ty  in e n e r g y  

and ions accelerated. 

for  range of 1 0 - 7  ta 1 2 . 3  Mc/s, 

Presently equipped with external f r equency  s h i f t e r  

Cont inuous range from 1 1 - 9  t o  1 2 . 3  M c / s .  

P ubl i shed Art i  c I es Describing Machine 
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FIXED-FREQUENCY CYCLOTRON D A T A  S H E E T  

Name of machine 

Ins ti tu t ion 

Address Berkeley, California 

University of Cal i fornia  R,a.diation Laboratory 

Person in charge 

Person supplying data Elmer L, Kelly Date June 1958 

P r o f ,  G .  Tc Seaborg 

Present Fields of Research 

Being designed 

Magnet 

% of Time History and Status 

Design study in progress  

Model tests Julv 1958 

Engineering design in progress  

Construction started 

Completion date July 1961 

Scheduled operation hrs/wk 

Magnet cost  

Total cost  

Des i gn Speci f icat ions 

$8 in. Core dia. cm, - 
0 7  . Pole t i p  dia. cm, 0s in. 

Beam radius, max cm, 3 7  in. 

Field gap, c-br 7" x i r z  in. 
1 1, " m.ax 

Field, wax ave 17  k-gauss 

Field dtripe!2 3 % 
inc r e  as e 

Weight, Fe  258 ; c u  9 .  4 tons 

Winding 

Coo I ing 

Dee dia. 

Dee aperture 

Dee-to-d ee gap 

Beam extraction, type 

Ion source, type 

hollow copper 

w 'a te r  

cm, 40 in. 

cm, 3. in. 

cm, 4 in. 

Design energy and part icle 

R-F frequency 4 - 23 Mc/s 

Osci 1 lator type 

Osci l lator tube 

Osc. input, max k w  

Osc. output, max kw  

Pre-exci ter 

Dee bias, d-c max V 

Dee-to-dee, max k v  

Sh i el d ing 8 f t  concrete 



-106- 

Energy, Mev 

Frequency, M d s e c  

Mag. field, k-gauss 

Dee-to-dee, k v  

Internal Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

External Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

X-882A 

P roton s Deuterons Alphas 

7 1 / 2 - 1 1 5  1 5 - 6 0  30  - 120  

6 - 23 6 - 13 6 - 13 

8 - 1 7  8 - 1 7  8 - 1 7  

1 5 0  150 150  

1000 

Beam “piped” f t  to external target. Beam analyzing magnet used? 

Unusual Features 

Variable energy, sp i ra l  ridce (probably 4 sec tors ) .  Constant f r  equ enc y 

with 2:l freauency ran g e . The high enerzy protons w0d.d be achieved by an 

f-m, r-f &e of o p e r u -  I n n  by r-reson;tnr.e. 

induced by magnetic bumps. 

Published Art ic les Describing Machine 

UCLD-133 
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x-aa2 

F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  S H E E T  

Name of machine UGRL Livermore 9 0 - h C h  Cyclotron 

Inst i tut ion University of California Radiation Laboratory 

Address Livermore California 

Person supplying data L. M ,  Erickson Date June 1958 

Present Fields of Research % of Time History and Status 

Isotope production 5 Design study 1952 

Scattering experiment 10 Model tests 1953- 1154 

Neutron experiment 80 Engineering design 1953 

Developinent 5 Construction started Nove-mber 1953 

Completion date Februarv 1955 

Scheduled operat ion 8o hrs/wk 

r Magnet cost  q;250, O G O  

"Beam on tiime" 80 hr /wk Total cost  $ n , o o o ,  b o o  

Magnet 

Des i gn Spec i f i  cat ions 

Core dia. 26s  cm, 105  in. 

Pole t i p  dia. 228 cm, 90 in. 

Beam radius, max 89 cm, , 3 5  in. 

F ie ld  gap, center 305 cm, 1 2  in. 

Field, max 9 k-gauss 

F ie ld  drop-off B % 

Weight, F e  320 ; CU 11 tons 

Winding 

Coo I in g 

c0pper 

oil. - c o ole d 

1 L]W 7 2  . 
Dee dia. cm, - in. 

6 . 3 5  cm, 2 5 .  * in. Dee aperture 

Dee-to-dee gap one deep cm, -in. 

Beam extraction, type electrostatic 

Ion source, type O R N L  

Design energy and part icle 

2, .6 - 1 4 .bMev 

5, 2- 1 G b  3~~~ 

10 ,3-36  M~~ alphas 

a .  7- 1 2 "  3&v tritons 

proton s 

deuterans 

R-F frequency 4- 6 Mc/s 

Osci l lator type driven 

Oscil lator tube one RCA A-2332 

Osc. input, max 4 9 0  kw 

Osc. output, max 3;c kw 

Pre-exci ter 

Dee bias, d-c max none V 

2 E 2 6  4 - 4 i i O  6166 

over DI eas e 



X-882A 

Energy, Mev 

Frequency, Mc/sec 

Mag. field, k-gauss 

-188-  

A C T U A L  P E R F O R M A N C E  D A T A  

Protons Deuterons 
Low High Low High 
2.79 5.36 5.17 11.7’ 

4, 11 5. 76 4, 0 6 .  035 

2, 7 4. 0 5. 3 8 

Dee-to-dee, k v  3$ 105 40 145 

Internal Beam, 
Stable, Ea 

Peak, pa 

Energy spread, % 

External Beam, 
Stable, pa 

Peak, ua I I 
Energy spread, % 

~ ~~~~~ 

6 .  2 8 

50 100 I I 

2.5 6 1 I 

Beam “piped” 30 f t  to external target. Beam analyzing magnet used? not yet 

Unusual Features 

Median plane is ver t ical ,  dees suspended. Cam-shaped pole pieces 

for  more  efficient beam extraction. Magnetic field continuously variable 

2-9 kg . ,  oscil lator variable f rom 4 to 9. 5 M c / s  in 55-kc steps by selecting 

proper  c rys ta l s ,  This permits  beam energy to be varied in sma l l  s teps ,  

and provides the following outputs: protons 3-1.4 MeV, deuterons 5-12 MeV, 

alphas 10-23 Mev, and about 7, 5 Mev tritons (when equipment for t r i t ium is 

installed). 

target  burs t s  at fo /4 .  

Beam sweeper being installed. Por tkme-of-flight work to give 

P u b I i shed Art i c I es Describing Mach in e 

TJCRT, R eDort - No, 2620 
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F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  S H E E T  

... Name of machine 

Inst i tut ion 

Address Los Angeles 24, California 

Person in charge 

Person supplying data J o  R. Richardson Date May 1958 

The UCLA 50-Mev Cyclotron 

University of California, Los Angeles 

Prof .  J. Reginald Richardson 

Present Fields of Research 

Being. designed; our old 

21-Mev proton F-M 

machine is still or,eratine 

30 h r /wk  

Magnet 

% o f  Time History and Status 

R e D e s i g n  study (as FF) Fall 1957 

Model tests 

Engineering dewgn Spring 1958 
redesign 

Construction started 1954as  F M  

Completion date, as FF 1959 

Scheduled operation hrs/wk 

Magnet cost  $25,000 

Total cost  $60,000 
exclusive of control desk 

Des i gn Speci f i  cat ions 

Core dia. cm, 50 in. 

Pole t ip  dia. cm, 44 in. 

Beam radius, max cm, 21 in. 

Field gap, center cm, 6 in. 

Field, max, on hills 26 k-gauss 

F ie ld  &epaU 595 % 
inc r ea s e 

Weight, F e  40 ; c u ,  3 0  5 tons 

Winding 

Coo I ing 

Dee dia. 

Dee aperture 

Dee-to-dee gap 

Beam extraction, 

Ion source, type 

l - in .  hollow 

water 

cm, 1 1 /2in. 

cm, ~ in. 

cm, -In. 

Design energy and part icle 

25-50 Mev protons 

Mev 

Mev 

Mev 

R-F frequency Mc/s 

Osci l lator tube 

Osc. input, max k w  

Osc. output, max kw  

Pre-exci ter 

Dee bias, d-c rnax V 

Dee-to-dee, max kv  

Sh i eld i ng 2 ft iron all around 

over please 



X-882A 

Energy, Mev 

Frequency, Mc/sec 

Mag. field, k-gauss (ATre) 

Dee-to-dee, kv 

Internal Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

External Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

-110- 

Protons Deuterons Alphas 

50 

20 

100 

1 0  

PERFORMANCE GOALS 

e 

Beam “piped” ft to external target. Beam analyzing magnet used? Win be 

Unusual Features 

Thomas field to half radius then sp i r a l  ridge to exit. Two 45-deg 

dees ,  in valleys. Magnetic gap at hil ls  1 ,  5 in. 

Published Articles Describing Machine 
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F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  SHEET 

Name of machine 

inst i tut ion earnegie  Institution of Wash. Dept. of Te r re s t r i a l  Magnetism 

Depto Of Ter res t r i a l  Magnetism 60-1nch CyClQtPon 

Address 5241 Broad Branch Road, N o  We Washington 15, De C .  - 

Person in charge Dr .  N. l?. H e ydenbur? 

Person supplying data Ne Pa Hevdenburg Date October 1.958 

Present Fields of Research % of Time History and Status 

Design study 

Model tests 

occasional runs 

P-ray spectroscopy studies 

En g i nee r i ng des i gn 

construction started 1940 

Completion date 1944 

Scheduled operation 20-30  hr/mo hmsfwk 

Magnet cost  

Total cost  $250,000 

Des i gn Spec i f i  cat ions 

Magnet 

Core dia. cm, 60 in. 

Design energy and part icle 

Pole t ip  dia. cm, 60 in. 16 M~~ deuterons 
Beam radius, rnax J cm, 25 in. 

F ie ld  gap, center cm, 1.2 in, 

32  M~~ alphas 

Mev 
Field, max 16 k-gauss 

F ie ld  drop-off 2 . 0  % R-F frequency Mc/s 

Weight, F e  200 ; CS 50  tons Osci I lator type power amp 

Winding 

Coo I ing 

Dee dia. 

Dee aperture 

Dee-to-dee gap 

Beam extraction, type 

ion source, type 

copper 

hooded arc 

Oscil lator tube two, 893 A 

Osc, input, max 

Osc, output, max 

Pre-exci ter ye s 

1P0Ile Dee bias, d-c max V 

300 k v  Dee-to-dee, max 

Sh i eld ing 

75 k w  

k w  

earth and masonry 

over pleas e 
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Energy, Mev 

Frequency, Mc/sec 

Mag. field, k-gauss 

ACTUAL P E R F O R M A N C E  D A T A  

Protons Deuterons Alphas 

a .  5 15 30 &-- 
10.6 1 0 " 6  1 0 . 6  

1 5 , h  ~ - 15. 6 15 .6  

Dee-to-dee, kv ,300 

Internal Beam, 
Stable, pa 120 

Peak, p a  

Energy spread, % 

External Beam, 
Stable, pa 10 

Peak, pa 14 

Energy spread, 75 2 

Beam "piped" ft  to external target. Beam analyzing magnet used? 

-- 300 300 

130 40 

150  45 
I 

12 o a f ,  
15 1 . 0  

2 2 - 

Unusual Features 

Published Articles Describing Machine 
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FIXED-FREQUENCY C Y C L O T R O N  D A T A  SHEET 

Name of  machine University of Colorado 52-Inch Cyc;zJ$otron - 
Institut ion University of. Colorado 

Address Boulder, C o h r a d o  

Person in charge A Lind 

Person supplying data -W4 R +  Smythe Date M ~ Y  1758 

Present Fields of Research 

Being designed 

Magnet 

% of Time History and Status 

Design study 1957 

Model tests 1957-1958 

Engineering design 1958 

Construction started 1958 - 

Completion date E a r l y  1961 

Scheduled operation hrs/wk 

Magnet cost  , es t  (I ---- I - -  

Total cost  Q J L 4 ,  VI v L 

. I ,  6 * 

Des i gn Spec i f i cations 

Core dia. cm, - 59 in. 

52 Pole t i p  dia. cm, in. 

Beam radius, max cm, 22 in. * 

F ie ld  gap, center cm, 7 1 i z  in. 

Field, max ave. 15 k-gauss 

F i e Id &ti&%. 3 3  % 
Field flutter 25  
Weight, Fe  85 ; cu I ,  0 tons 

Winding 

Coo I ing 

Dee dia. 

Dee aperture 

Dee-to-dee gap 

Beam extraction, 

Ion source, type 

copper  

w a t e r  

2 4  cm, in. 

cm, a s j z  in. 

B 
cm,, -.--in. 

r e g en e I- a z ;9 F and 
electr  3 s Latie 

hooded 

Design energy and part icle 

30  M~~ protons 

20 M~~ deuterons 

a 0 MeV alphas 

Mev - 

R-F frequency - 23  . Mc/s 

Osci I lator type master osc  I 

Oscil lator tube power  aimplifie r 

in31 arn 
&c. input, r r ~  115 kw 
-. - 

88 kw 
Final amp, 

Osc. output, max 

Pre-exci ter 

Dee bias, d-c max 9 3-1 e , 

Dee-to--, max (3ne dee)  - 1" kv  
grid 

7 f t  concrete  Shielding 

over Dlease 
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Protons 

Energy, Mev 

Frequency, Mc/sec 

Mag. field, k-gauss 

Dee-to-dee, kv  

internal Beam, 
Stable, pa 

Peak, pa 

Energy spread, 76 

External Beam, 
Stable, pa 

Peak, pa 

Energy spread, 76 

X-882A 

Deuterons Alphas 

A C T U A L  PERFORMANCE D A T A  

4 

t 

Beam “piped” 30 f t  to external target. Beam analyzing magnet used? Yes 

Unusual Features 

Alternating-gradient magnetic field with &fold symmetry incorporating 

Thomas o r  s p i r a l  shims (max. spiral angle, 4 5 ” )  

P u b 1 i shed Ar t  i c les Describing Mach i ne 

University of Colorado (Feb. 1957). 

2. Supplemental Proposal ,  University of Colorado (Oct. 1957). 
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F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  SHEEP 

Name of machine Columbia University 36-Inch Cyclotron 

inst i tut ion 

Address New York 27, N, Y, 

Columbia University , Pupin G yclo tron Laboratory 

Person supplying data L a  Fe1dma.n Date October 1958 

Present Fields of Research % o f  Time 

none. cyclotron is being 

Model tests 
modified to accelerate  

History and Status 

Design study 

protons with an externally Engineering design 

Construction started 1936 deflected beam 

Completion date remodeled 1939-40 

Scheduled operation h r d w k  

Magnet cost 

about $28,000 (1937) Total cost 
exclusive of scientific staff 

Magnet 

Des i gn Speci f i  cat ions a'arie 

Core dia. cm, 44 in. 

Pole t ip  dia. cm, 36 In. 

Beam radius, max cm,l5, 25 in. 

Field gap, center cm, 50 875in.  

Field, max .&, k-gauss 

Field drop-off, to d e f w r  1 % 

Weight, Fe  . AI 
c u  

tons 

Winding 

Coo I ing 

Dee dia. 

Dee aperture 

Dee-to-d ee gap 

Beam eqtraction, type 

Ion source, type 

Design energy and part icle 

Mev 

MeV 

R-F frequency Mc/s 

osc i  I lator type 

MOPA driven sys tem osc 

amD. end+., 
and amp each push-pull 

J . u  0 copper s t r ip  - 
Oscil lator tube, osc 3.- 1500T ams. 2 -9C01 - water 

50 kw 

30 kw 

Osc. input, max 

Osc. output, max 

Pre-exci ter none 

cm, 33 in. 

cm, 1 5 .  0 in. 

1 7 5 .  cm, In. 
electrostatic deflectoflee bias, d-c max none V 

external  to  dees 
Dee-to-dee, max 90 kv Oak Ridge 
Shielding water, 4-ft 

nvnr *I-,,, 



X-882A 

P roton s Deuteron s Alphas 

Energy, Mev 13 8 

Frequency, Mc/sec 20 13 

Mag. field, k-gauss 1 13,000 16,800 
I 

Dee-to-dee, kv  200 200 

Stable, pa 200 200 
Internal Beam, 

Peak, ya 

Energy spread, % 

External Beam, 
Stable, pa 

Peak, pa  

Energy spread, % 

-116- 

A C T U A L  P E R F O R M A N C E  D A T A  

i 
I 

I 

I 

Beam “piped” ft t o  external target. Beam analyzing magnet used? 

Unusual Features 

This cyclotron was formerly a deuteron machine and used almost 

. exclusively for neutron research .  It is being modified to accelerate  

protons,  with an externally deflected beam. It has  an  adjustable frequency 

r-f  sys tem to - produce I .  protons variable in energy f rom 8 to 15  MeV. 

Pub 1 i shed Art i c I e s De sc r i b in g Mach in e 
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F I X E D - F R E Q U E N C Y  CYCLOTRON D A T A  SHE€? 

c. 
Name of machine University of Florida Spiral. Ridge Gyclstron 

Inst i tut ion U n i v e r s i t y  of Ficricla -- 

Address Gaixesvilie FLozida -.-____ 

Person in charge D, L. Lafferty 
I_-- 

Person supplying data D, Lo La3e-r Date Gctolaer I958 

Present Fields of Research % of Time History and Status 

Design study June 1958 

Magnet 

Construction started 

Completion date 

Scheduled operation h r s/w k 

Magnet cos t 

Total cost  est ,  $5,000, 000 

Design Specifications 

Core dia. cm, in. 

Pole t i p  dia. cm, in. 
a% 

* Beam radius, max cm, 120 in. 

Field gap, center c m ,  - 8 in. 

kd&nmax 
10 k-gauss* 

' I  I !  per imeter  6 in? 

a t  center - 7  k-gaus 3 Wih 
Weight, F e  . AI  tons 

Winding 
c u  

Coo I ing 

Dee dia. cm, - in. 

Dee aperture cm, in. 

Design energy and part icle 

400 

R-F frequency 

Osci I lator type 

Osci iiator tube 

Osc. input, max 

Mev protons 

Mev - 

Mev 

Mev 

Mc/s 

k w  

Osc. output, max k w  

Pre-exci ter I 

Dee-to-d ee ga p cm, --..-.-in. 
Dee bias, d-c rnax V 

ion source, type 

I 
Pre l iminary  conservative figures win 
basis of magnet model studies, 

Dee-to-dee, rnax k v  

Shielding 

be modiiied on 
over please 
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Energy, Mev 

Frequency, Mc/sec 

Mag. field, k-gauss 

Dee-to-dee, k v  

Internal Beam, 
Stable, pa 

Peak, pa 

Energy spread, 76 

External Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

X-882A 

Protons Deuteron s Alphas 

I I 

I 

ACTUAL P E R F O R M A N C E  D A T A  

Beam “piped” ft to external .target, Beam analyzing magnet used? 

Unusual Features 

The projected design incorporates 6 sp i r a l  rid.ges, shaped to give the 

desired axial  focusing, while providing the radially increasing mean magnetic 

field required for  fixed frequency operation, and leaving an almost constant gapo 

As an alternative to the low-field design described above, a high-iield machine 

is under consideration. This would involve a very  small magnet - gap, with 

accelerating electrodes ,placed in three of the valleys. 
prel iminary s tages ,  and more  real is t ic  f igures must await the magnet model 
and associated orbi t  studies now being undertaken. Shieldinz consideratians 
may  be decisive in influencing the final beam current .  

The design is in its 

I? u b I i shed Ar t  i c I es De scribing Mach ine 
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F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  SHEET 

Present Fields of Research 

Under construction 

% o f  Time -- History and Status 

Design study 

Model tests 

Engineering design 

Construction started 

Completion date 

Scheduled operation 

Magnet cos t 

Total cost ,  e s t ,  

Coo I in g 

1948 

hrs/wk 

Magnet 

16 * Core dia. cm, in. 

1 6  Pole t ip  dia. cm, - in. 

1 0  b q & )  
Field gap, center cm, 4 in. 

Beam radius, max cm, - 

Field, rnax 15- 1 6 k-gauss 

F ie ld  drop-off ( e s t )  2 % 

Dee dia. 

Dee aperture 

air 

21 cm, 21 * in. 

cm, 1 7 / 1 [  'in. 

Dee-to-dee gap cm, 1. -5 / 1 $no 

Design energy and part icle 

4 MeV D S S % O n  

Mev 

Mev 

Mev 

R-F frequency 

Osci l lator type 

Osci l lator tube 

Osc. input, max 

Osc. output, max 

Pre-exci ter 

Dee bias, d-c max 

Bee-to-dee, max 

Sh i e 1 d i ng 

Mc/s 

k W  a 

50 k v 

over pleas e 



X-882A 

Protons 

Energy, Mev 

Frequency, Mc/sec 

Mag, field, k-gauss 

Dee-to-dee, kv 

Internal Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

External Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

-120- 

ACTUAL PERFORMANCE D A T A  

Deuterons Alphas 

Beam “piped” ft to external target. Beam analyzing magnet used? 

Unusual Features 

Air-cooled coils.  Iron ore  blocks for shielding 

4 

* 

Published Articles Describing Machine 
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-* 1 2 31 - 
(pages 122-2  omi t ted)  

F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  S H E E T  

Present Fields of Research 

Isotope production 

Nuclear physics 

Solid state physics 

Magnet 

% of Time 

5 

70 

25 

History and Status 

Design study ~- 

Model tests 1956 - 57 

En gi neer i ng des i gn 1956 - 58 

Construct ion started 1956 

Completion date September 1958 

Scheduled operation 6o hrs/wk 

Magnet cost  

Total cost  

Core dia. cm, 50 in. 

Pole t i p  dia. cm, $ 3  - 1 I 'Gn. 

Beam radius, max crn,18 1 /Zn. 

Field gap, center 15 ,  2 cm, 6 in. 

Field, max 1-73 r r b  5 k-gauss 
rise 

Field &t%f%8ff 0 to  I C ?  % 

Winding so3,id str ip 
Weight, F e  6 0  ; Cu >-tons 

W a t e r  Cooling 

4 2  Dee dia. cm, in. 

Dee aperture cm, 1,817 in. 

Dee-to-dee gap Qne d @ e  cm, ---.-.-in. 

R-F frequency 

Osci 1 lator type 

Osci l lator tube 

Osc. input, max 

Osc. output, max 

Pre-exci ter 

Dee bias, d-c max 

Dee-to-dee, max 

Sh i eld i ng 

Mc/s 

self-ex, ,  Cslpi t ts  

Y none 

k V  75 

4 f t  water with borax 
sides and  to^ 



X-882A 

Protons Deuterons 

Energy, Mev 

Frequency, Mc/sec 

Mag. field, k-gauss 

Dee-to-dee, kv  

Internal Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

External Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

A C T U A L  P E R F O R M A N C E  D A T A  

7 

Alphas 

Beam “piped” f t  to external target. Beam analyzing magnet used? 

Unusual Features 

Machine employs strong focusing provided by sp i ra l  iron shims on 

both pole faces.  Shims are 7 / 8  inch thick. The av shape of the mean field 

may be adjusted by means of 4 se t s  of cai ls  located within the vacuum 

chamber 

Published Art ic les Describinq Machine 

1 , P. Stahelin, The Radial S t a t ,  

Technical Report  No, 1, U. of Ill. Cyc. Lab. 

2. V, Bluemal, J. Bo Car ro l l  and Po Stahelin, ‘‘Investigation of the Field 

Modulation Produced by Flat Spiral  Shims in a Cyclotron Magnet, I t  

Technical Report No. 2 ,  Uo of Ill, Cycl, Lab, 
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X-882 

F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  S H E E T  

Date May 1.958 Person supplying data 

Present Fields of Research 

Isotope woduction 

Nuclear reactions and 

Magnet 

scattering 

76 of Time History and Status 

10 Design study 

Model tests 

90 Engineering design 

Construction started 1939 

Completion date 1941 

Scheduled operation 3 8  hrs/wk 

Magnet cost  

Total cost  

Design Specifications 

Core dia. cm, 54 in. 

Psfe t ip  diu, cm, --’ in. La i= 

cm, in. Beam radius, rnax -- 

Field gap, center cm, I in. 

Field, rnax 16 k-gauss 

Field drop-off 2 %  

Winding s0l.i.d. s t r i p  3 6 ” x  1 1 ”&‘ 

/ A  

Weight, Fe ‘77 ; CU 18 tons 

Coo I ing water  c o i l s  

Dee dia. cm, 20 . 5 .  - in. 

Dee aperture cm, 2 l / Z n a  

Dee-to-dee gap cm, ---in. 2 ’  

Ion source, type hooded-corLe*, 
m0lybdenl.A L”p1 

Design energy and part icle 

11 112 Mev deut r QB7. s 

2 3 MeV a?phaS 

-- MeV 

Mev 

ao,4 Mc/s R-F frequency 

Osci l lator type se7-f p ~ ~ J r ? - j ~ ~ l b ,  gnd-p 

Oscil lator tube two  b (demountable) 

k w  Osc. input, rnax 40 

Osc. output, max 30 k w  

Pre-exci ter 

Dee bias, d-c max none 

Dee-to-&e, max I Q Q  kv  

V 

Sh i e 1 d i ng 5 f t  water and 2 f t  
concrete sides; 3 f f  

.-.-.cr4-,-m 6,- 



x - 8 8 2 ~  

Energy, Mev 

Frequency, Mc/sec 

Mag. field, k-gauss 

Dee-to-dee, kv  

I nterna 1 Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

External Beam, 
Stable, pa 

Peak, l a  

Energy spread, % 

-126-  

ACTUAL P E R F O R M A N C E  D A T A  

Pro tons Deuterons Alphas 

11,4 22, 8 

10.4 

14-6 

100 

500 
I 

150  75 - 100  

225 110  

1 1 
J 

Beam "piped" f t  to external target. Beam analyzing magnet used? 

Unusual Features 

~ 

P ubl i shed Art ic les Describing Machine 

4 



X-882 

- l b7 -  

F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  SHEET 

Inst i tut ion Los Alamos Scientific Laboratory 

Person in charge Rob e r t Leachman 

Person supplying data Keith BQYer Date November 1958 

4 

Present Fields of Research % of Time 

Prec is ion  c r o s s  sections f O r  

nuc le  ar r eae tions and s c att e ring 

Polarization sb;Ldie s 

Stripping and pickup reactions 

Neutron reactions 

He reactions and scattering 3 

Des ign study 

Model tests 

Engineering design 

Construction started 

Completion date 

Schedu led ope ration 

Magnet cost  

Total cost  

Des i qn Spec i f i cat i ons 

Magnet 

Core dia. cm,45. Q in. 

Pole t i p  dia. cm, - 42 in. * 

Beam radius, max cm, 19 in. 

4 5  Field gap, center cm, 9 in. 

Field, max 180 5 k-gauss 

F ie ld  drop-off 

Weight, F e  70 . A I  
c u  

Winding copper 

Coo I ing water 

variable % 

tons 

Dee dia. cm, - 4 0  in. 

1 9 .  Dee aperture cm, in. 

Dee-to-dee gap cm, “in. 1 5 .  

Beam extraction, type d-c defo 3 r-f shielded 

Ion source, type similar to Oak Ridge 

History and Status 

1 9 52 - 1 9 54 

none 

1952 

Jan 1954 

1 1 2  hrs/wk 

Design energy and part icle 

R-F frequency 8 . 3  to 1 3 .  9 Mc/s 

Osci l lator tube two, 880 

Osc. input, max Io* k w  

Osc. output, max 70  k w  

Dee-to-dee, max none k V  

Shielding concrete,  4 to 6 f t  



-128- 

Protons Deuteron s Alphas 

Energy, Mev 3 t o  9 6 to 1 6  112 t o  3 0  

Frequency, Mc/sec 8 , 3  t o  13,y 

Mag. field, k-gauss 

Dee-to-dee, kv 140 

Internal Beam, 

0 to 1% 

Stable, 2,5 ma 2 ma 1 ma 

Peak, +a 5 ma 2 . 2 5 m a  2ma  

Energy spread, 76 

External Beam, 
Stable, pa 50 50 50 

Peak, pa 120 100 65 

Energy spread, % 

X-882A 

- 
He’ 

1 2  - 27 

~ 

1 ma 

2 ma 

50 

75 

A C T U A L  P E R F O R M A N C E  D A T A  

Beam “piped” 20 f t  to external target. Beam analyzing magnet used? Yes 

Unusual Features 

Modified Thomas field, three-fold syrnetry for axial focusing, Var iab le  

drop-off by use  of Rose shims. Dees cut back 20 deg on each edge. Frequency 

varied by moving shorting nodes, 

balance regulated by servo-driven capacitors e He purifying and recirculation 

Oscillator frequency and dee-voltage 
3 

system. 

Published Art ic les Describing Machine 

none 



- 1 2 9 -  
X-882 

F t X E D - F R E Q U E N C Y  C Y C L O T R O N  5 A T A  SHEET 

Present Fields of Research 95 of Time History and Status 

Isotope p-PQdGCtiOI? 20 Des ign study 

Nuclear reacticms and Model tests 

s truc tu ap e 80 Engineering design 

Construction started 1938 

(first beam)  1948 Completion date 

hrs/wk Scheduled operation 125  

c 

Design Specifications 

Ma gn et Design energy and part icle 

Core dia. 

Pole t ip  dia. Mev 

Beam radius, max crn, 1 Y  in. 
Mev 

Fieid gap, center cm, 5 ,  5 in. 
Mev 

Field, max 1 7 "  L; k-gauss 

F ie ld  drop-off 2 , s  % R-F frequency 13, 1 Mc/s 

sa' Osci I lator type *,J&f-ex, 9 g12d-p - 

Oscil lator tube two, 8 8 0 s  pp Winding 

Coo I in g water 
Osc. input, max 100 k w  

4- 0 Dee dia. cm, in. 
Osc. output, max a0 k w  

Pre-exci ter none 
Dee aperture cm, 2 in. 

2 '  Dee-to-d ee 3a p cm, --in. 
Dee bias, d-c max nocle v 

Dee-to-dee, max 125 kv  

Ion source, type c on-Je2tiarwal 
capillary a rc  



X-882A 

Energy, Mev 

Frequency, Mc/sec 

Mag. field, k-gauss 

Dee-to-dee, kv  

Internal Beam, 
Stable, pa 

Peak, pa 

Energy spread, 76 

External Beam, 
Stable, pa 

Peak, pa 

Energy spregd, % * 

-130- 

A C T U A L  P E R F O R M A N C E  D A T A  

Protons Deuterons 

7.55 15. 1 

13.1 1 x 1  

17.4 17.4 

100 120  

200 
Thermal  

50* Q.5** 60* 1** 

70 2 110 2 

C l  < 1  ** 

17,4  

100 

~ 

I T 
~~ ~ 

Alphas 

I J 

30, 5 

P 3 , l  

80 

15* 0 .1  *i 

Beam "piped" 18 f t  to external target. Beam analyzing magnet used? no 

Unusual Features 
~ 

Axia l  focusing by 3 - 1 /8-in. - 60-deg al ternate  wedge sh imsJ  top and 

-9 bottom. 

High rat io  operating t ime over servicing time, 

' r ime spread  of beam burs t s  measured to be about 3 x 1 0  sec .  

Published Art ic les Describing Machine 
, 

Journa l  of Applied Phys ics ,  15, 2 and 128 (1944). 

F 
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X-882 
-131-  

F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  S H E E T  

Name of machine University of Michigan 42-hch SycPcltrQn 

-- July 1958 Date Person supplying data W+ G *  P a ~ k I : ~ s ~ i ? ,  

Present Fields of Research 

Nuclear spectroscopy 

Service bombardments 

Magnet 

% o f  Time History and Status 

Design study 

Model tests 

99 

1 

En g i neer i ng des i gn 

Construction staMed 1936 

C d & m & k  1950 R e mod e 1 e d 

Scheduled operation 80 hrs/wk 

Magnet cost  

Total cost 

Des i gn Speci f i  cat ions 

Core dia. cm, 58 in. 

/ ' 2  - Pole t ip  dia. cm, in. 

Beam radius, max 43 cm, in. 

F ie ld  gap, center cm, 6 in. 

Field, max 1 5  k-gau s s 

Fie ld  drop-off 1 % 
Weight, F e  7 5  ; cu 1 2  tons 

Winding 

Coo I i n g 

Dee dia. 

Dee aperture 

wa.t e r 

96 cm, in. 

cm,2 1.12 in. 

Dee-to-d ee gap cm, -in. 1 .  

Beam extraction, type d--c deraector 

Ion source, type a.rc 

Design energy and part icle 

5 

1 0  

20  

R-F frequency 

Osci I lator type 

Osci l lator tube 

Osc. input, max 

Osc. output, max 

Pre-exci ter 

MeV protons ( H p )  

M~~ deuterons 

M~~ alphas 

Mev 

10 ,  2 Mc/s 

F 1 2 4 A  

k w  7 5  

60 k w  

Dee bias, I - c  max none V 

k v  
Dee-to-dee, max 50 

Sh i eld i ng water and c onc rete 



X-882A 

Protons Deuterons Alphas 

Energy, Mev 3 - 9  7 .8  15 ,6  

Frequency, Mc/sec 10,2  10,2 r 0 , 2  

Mag. field, k-gauss 6. 2 ,, 12,5 12.5 

Dee-to-dee, kv 40 40 40 

Internal Beam, 
Stable, pa 1000, 800 50 ( ? )  

Peak, l a  > l o o 0  31 000 

Energy spread, 76 not known 

External Beam, 
Stable, pa 730Q > 200 ? 

Peak, pa 7300 2 200 ? 

Energy spread, 72 ? -5% 5 % 

- 1 3 2 -  

ACTUAL P E R F O R M A N C E  D A T A  

+ 

Beam "piped" ft to external target. Beam analyzing magnet used? Yes 

Unusual Features 

Published Articles Describing Machine 

1, Rev. Sci. In,st., 27, ,516 (l956),  
- ,  

2. Rev, Sci. Inst,,, 24, 4 2  (1953). - 



X-882 
F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  S H E E T  

4 

3 

Present Fields of Research 

Magnet 

% of Time History and Status 

Design study Began June 1957’ 

Model tests Began. June 1958 

-- En g i neer i ng des i gn 

Construction started Expected June 1950- 

Completion date Expected Ji&nJ2 1961 

Scheduled operation hrs/wk 

Magnet cost 

Total cost $1.5 x 1 Q  
6 

Des i gn Spec i f i cat ions 

Core dia. cm, 64 in. 

Beam radius, max cm, 58 in. 

64 . cm, - in. Pole t ip  dia. 

Field gap, center cm, 6 in. 

Field, max 17  k-gau s s 

Weight, F e  /v 7 5  ; A I  tons 

Winding 
c u  

Coo I ing 

Dee dia. cm, ba,, in. 

Dee aperture cm, .2 in. 

Dee-to-d ee gap cm, ---in. 

Beam extraction, type reg: ene rative 

Ion source, type 

Design energy and part icle 

Mev 

Mev 

R-F frequency 

Osci llator type 

Osci l lator tube 

Osc. input, max 

Osc. output, max 

Pre-exci ter 

Dee bias, d-c max 

Dee-to-dee, max 

Shield ing 

Mc/s 

kw  

k W  

V 

kv  



X-882A 

Protons Deuteron s 

Energy, Mev 

-3134- 

ACTUAL P E R F O R M A N C E  D A T A  

Alphas 

Frequency, Mc/sec 

Mag. field, k-gauss 

Dee-to-dee, kv  

Internal Beam, 
Stable, pa 

Peak, pa 

Energy spread, 76 

External Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

Beam "piped" f t  to external target. Beam analyzing magnet used? 

Unusual Features 
E 

Published Art ic les Describing Machine 
4 
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X-882 

F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  SHEET 

e 
Name of machine *n 

Inst i tut ion Unive'miitv of Michigan 

Address Ann Arhc9r9 M.ichig+n 

Person in charge 

Person supplying data 

- Prof .  w. c ,  1E"a;;Pkinsori 

June 1958 Date wo c e P k T ' s P k i 1 1 8 O C  

Present Fields of Research 

* 

Magnet 

Core dia. 

Pole t i p  dia. 

% of Time History and Status 

Des ign study 

Model tests 

Engineering design 

Construction started 

Completion date 

Scheduled operation 

Magnet cost 

Total cost 

Design Specifications 

crn, 83 . in. 

83 * cm, -. in. 

Beam radius, max cm, in. 

F ie ld  gap, center cm, - in. 

Field, rnax k-gauss 

Field drop-off % 

Weight, F e  342 ; AI- tons 

Winding hollow bar 

Coo I ing water 

Dee dia. cm, - In. 

Dee aperture cm, ~ in. 
t 

Dee-to-dee gap cm, -.-.--in. 

Beam extraction, type 

Ion source, type 

195'7 
~~ 

1958 

hrs/wk 

Design energy and part icle 

15-40  M~~ deuteron 

Mev 

Mev 

Mev 

R-F frequency 

Osci I lator type 

Osci l lator tube 

Osc. input, max 

Osc. output, max 

Pre-exci ter 

Dee bias, d-c max 

Dee-to-dee, max 

Shielding 

Mc/s 

TG,  T P ,  self-ex, 

two, F-124A 

k w  

150  k w  

V 

108 k v  

I 
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Protons Deuterons 

Energy, Mev 

Frequency, Mc/sec 

Mag. field, k-gauss 

Dee-to-dee, k v  

Internal Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

External Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

X-882A 

Alphas 

A C T U A L  P E R F O R M A N C E  D A T A  

Beam “piped” f t  to external target. Beam analyzing magnet used? 

Unusual Features 

Four-sector  spiral ,  A V F  magnet. Variable energy, 

P ubl i shed Art ic les Describing Machine 

A 



x-a82 

-6.37- 

FIXED-FREQUENCY CYCLOTRON D A T A  S H E E T  

t 

/nst  i tution Lewis Research Center (NaVL Aero. and Space Adm,  1 

Address 21000 Brookpark Road, G k g e h x n d  3 5 ,  Ohio 

Person in charge Jack Axon I 

Present Fields of Research % of Time History and Status 

Design study --- Nuclear 60 

-- Name of machine NASA 6O-I~ch  C T ~ C ~ O ~ ~ O X I  

Model tests Solid state 20 

Mi. s e e llan e ou s 20 Engineering design 

Construction started 1948 

Completion date JnIy 1956 

Scheduled operation 20 h r s/w k 

Magnet cost - 
Total cost $1 9 000,000 

Des i gn Speci f icat ions 

Magnet 

Core dia. 

Design energy and part icle 

cm, 72 ‘ in. 20 Mev deuer- 

Pole t ip  dia. cm, 40 in. 

Beam radius, max cm, 26 in. 

F ie ld  gap, center cm, 1 2  in. 

Field, rnax l a  k-gauss 

F ie ld  g;ppi.ff 1 .7  % 
at 2 witkt 14,600 Gauss 
Weight, F e  225 ; Ch 26 tons 

Winding CQppe%. 

Coo I ing wale r 

Dee dia. not Ci .TCUhrcrn ,  in, 

Dee aperture cm, 0 in. 4 3 7 .  

Dee-to-dee gap cm, 4-3 in. 

Beam extraction, ty pe electr  Q s tatic 

Ion source, type Berkeley 
1 

Mev 

R-F frequency Mc/s 

Osci  I lator type self-ex., , End-g 

Oscil lator tube four, 9G21 

Osc. input, max 612 k w  

OSC. output, max 400 k w  

Pre-exci ter ve s 

V Dee bias, d-c max none 

Dee-to-dee, max 4-00 kv 

Sh i eld ing concrete 13 in. 
earth, 4 f t  

-,,e.” * I - - - -  



A C T U A L  P E R F O R M A N C E  D A T A  

2 1 ” 5  

1m.o 

14.6 

I Protons 

43  

1 1 . 0  

Energy, Mev 

Frequency, Mc/sec 

Mag. field, k-gauss 

Dee-to-dee, k v  

Internal Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

180 kv 

not 
measured 

never 

External Beam, 
Stable, pa 

* *#< 
120 1 

180 7 

/ i g O  ** 0.1  

~~ 

* ** 
50 0 , l  

2 I Peak, pa L 
Energy spread, % I 

Deuterons I Alphas I I 

220 kv I 1 8 0 k v  1 
300 

500 

measured 

0.7 I * ** 
intermediate position; 38 f t  f rom cyclotron 

Beam “piped” 38 ft to external target. Beam analyzing magnet used? Yes 

Unusual Features 

Toluene-cooled deflector, Remote positioning of dees (. Three- 

dimensional positioning of ion source * Pulsed pre-exciter with high peak 

I power, 

P u b I i shed Art  i c I e s De sc r i b in 9 Mach in e 

$6 
at  cyclotron ta rge t  chamber ** in I’BeamI’ room - 38 feet from target chamber 



X-882 
F IXED-FREQUENCY C Y C L O V R Q N  D A T A  SHEET 

* -- Name of machine NRDL Cyclotron 

Ins t i tu t ion U ,  S. Naval Radiolch~ical Defense Laboratory I_ 

Address San Francisco 24, C d i l c r n i a  

Person in charge D r ,  H,, A ,  Howe 

Person supplying data €3" A ,  .Hawe 

- 

Date October 1958 
-I_ 

Present Fields of Research % of Time History and Status 

Design study 

Model tests 

Engineering design (Jan- 1 9 4 0 )  

Construction started (Jan, 1 9 4 0 )  - 
(1962) Completion date 

Scheduled operation hrs/wk 

Magnet cost  $345,500 

Total cost  $1, 515, 000 

Design Specifications 

Magnet Design energy and part icle 

Core dia. cm, - 70 in. 70  Mev P ~ O ~ O X I S  

3 5  MeV deuterons Pole t i p  dia. cm, - in. 

Beam radius, max cm,W,30 in. 

F ie ld  gap, center cm, d . 5  in. 
7 0  MW alphas 

Field, max 

F ie ld  &%&LWse 

-2- A = 17 k-gau s s 

pP% 

Mev 

R-F frequency Mc/s 

Weight, F e  . AI  tons Osci I lator type 

Winding hollow c oppe r Oscil lator tube 

Cooling water 
Osc. input, max k w  

Osc. output, max k w  

Pre-exci ter 

cu 

Dee dia. cm, - in. 

Dee aperture cm, in. 

Dee-to-d ee gap cm, -.-..-in. 

Beam extraction, type magnetic reg!ener.atl:ia 

Ion source, type 

Y Dee bias, d-c rnax - 

Dee-to-dee, max 1 08 kv  

Shield i ng 5 f t  concrete 



- 140- 

Protons 

Energy, Mev 

Frequency, Mc/sec 

Mag. field, k-gauss 

Dee-to-dee, kv  

Internal Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

External Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

X-882A 

Deuterons Alphas 

A C T U A L  P E R F O R M A N C E  D A T A  

3 

Beam "piped'' f t  to external target. Beam analyzing magnet used? 

Unusual Features 

A strong focusing cyclotron of the spiral ridge type. 

P u  b l  i shed Art ic les Describing Machine 
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F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  § H E E T  

Present Fields of Research 

Cyclotron development 

Magnet 

% of Time History and Status 

100  Design study 1952 

Model tests 

Engineering design 

Construction started 

Completion date 1955 

Scheduled operation ad Jib h r d w k  

Magnet cost * 
Total cost $1 O O , O O O *  

Des i gn Spec i f i cat ions 

Design energy and part icle * 
Core dia. cm, in. 5 Mev protons 

Mev 
Pole t i p  dia. cm, 4 4  in. 

Beam radius, max cm, 7.0 in. 

F ie ld  gap, center cm, in. 

Field, max 60 3 k-gauss 

F ie ld  drop-off 2 76 R-F frequency 

Mev 

Mev 

Mc/s % 67 

tons Weight, F e  * . AI  
c u  

Osci I lator type - Frnd-g 
v 

Winding copper strip 
Oscil lator tube F- 134 

Coo I ing c i r c .  ail. bath 
kw Osc. input, max 450 

Osc. output, rnax kw 
44 * Dee dia. cm, - in. 

Dee aperture cm, -7-5 in, 
none Pre-exci ter 

cm, 130 5 in. 
V -2000 

Dee-to-d ee ga p 

Beam extraction, type 

Ion source, type 

* 

Dee bias, d-c max 

Dee-to-dee, max 

Sh i el d i n g 

2000 kv  

extension area only 

One gap in an irregular-shaped calutron magnet a r r a y  is used, 
over please 



X-882A 

Energy, Mev 

Frequency, Mc/sec 

Mag. field, k-gauss 

Dee-to-dee, k v  

Internal Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

External Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 
& 9 

ACTUAL PE RFORMAN CE D A T A  

Protons Deuterons Alphas 

5 

67 

6,34 

160 

I 
c-1000 

Beam “piped” f t  to external target. Beam analyzing magnet used? 

Unusual Features 

Designed fo r  very large proton c u r r e ~ t s  at from 1 to 5 MeV. The 

median plane of the magnetic - field is vertica,S., with the dees one above 

the ~ t h e r ,  Dee s tems are included ia the vacuum chamber. 

~~ 

Published Art ic les Describing Machine 

a 
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X-882 

F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  SHEEP 

Name of machine 

Inst i tut ion Oak Ridge National L a b ~ r a t ~ r y  

Address Oak Ridge ,  Tennessee 

Person in charge D r -  R ~ b e l ~ t  S o  L i ~ i n g s t o n  

The ORNL 63-Inch Cyclotzan. 

Person supplying data D r *  A, Zucker Date June 1958 

Present Fields of  Research 

Nuclear reactions 

Scat ter ing exDeriments 

C r o s s  sections 

% of Time History and Status 

50 Design study 

40 Model tests 

1 0  Engineering design 

Construction started May l. 951 

Completion date 

Schedu I ed ope rat ion 56 hrs/wk 

Mav 1952 (1st beam) 

Magnet cost 

Total cost  

Des i gn Spec i f i cat i on s 
c 

Magnet 

- 
Design energy and part icle 

N k S +  
Mev 

Mev 

Mev 

Mev 

27 Lore dia. cm, 'g in. 

Pole t ip  dia. cm, 63 in. 

Beam radius, max cm,25. 3 in. 

F ie ld  gap, center cm, 6 in. 

Field, max 15, 5 k-gauss 

F ie ld  drop-off 2 %  

Winding solid capper s.t..ip 

Coo I in g circ. oil  bath, 

44 

Weight, F e  *" ; c u  tons 

$ * 9  Mc/s 

aejbf-ex. 5 gnd-g 

one3 RCA-5770 

3 5  k w  

R-F frequency 

Osci I lator type 

Osci I lator tube 

Osc. input, max 

Osc. output, rnax 

Pre-exci ter 

c 

Dee dia. 
k w  

no 

-1008 v 

3 5 .  Dee aperture cm, * in. 

Dee-to-dee gap cm, -.-.-in. 2 .  
Dee bias, d-c rnax 

Beam extraction, type d-c defl ,  
:> >g 

Ion source, type O a k  Ridge 
Dee-to-dee, rnax 90 k v  

Shielding 
and. used, 

none, ewchsion area. 

over please 
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Protons 

X-882A 

Deuterons Alphas 

A C T U A L  P E R F O R M A N C E  D A T A  

Energy, Mev 

Frequency, Mc/sec 

Mag. field, k-gauss 

Dee-to-dee, kv  

Internal Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

External Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

27 I 
4.9 

75 I 

100 

2 

2 I 

Beam “piped” ft to external target. Beam analyzing magnet used? 

Unusual Features 

High intensity ion sources (see Ref. 2). Designed to accelerate tr iply 

ionized nitrogen ions from the ion source,  

Published Art ic les Describing Machine 

1 R. S .  Livingstsn, Wccelerat ion of Par t ia l ly  Stripped Heavy Ions 1’ 

Nature 1 7 3 ,  54 (Jan. 9 ,  1 9 5 4 ) .  

2, R. J. Jones and A ,  Zucker9 “Two Ion Sources for the Production of 

Multiply Charged Nitrcgen. Ions, Rev, Sci, Tnstr. 25, 562 ( 1 9 5 4 ) .  

3 ,  Reynolds Scott, and Zuckes, ‘INuclear Reactions with Energetic 

J 

Nitrogen Ions ,”  P r o c e  Nata Acad. Sci. 3 9 ,  9 7 5  ( 1 9 5 3 ) .  
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*= 84.5- 

F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  S H E E T  

Present Fields of Research 

Isstope p r sduc t ion  

N u c l e a ~  ~ e a c t < o ~ s  and 

strL4etlr pe 

Magnet 

% of Time History and Status 

30 Design study 

Model tests 

70 Engineering design 

Construction started Sept /q49 

Completion date ( f i T S t  beam) Nov 1958 

80 hrs lwk  Scheduled operation 

Magnet cost 

Total cost $700,OQO 
( p IU s xi s t .s” n Q et q 6 - i  i pin en t ) 

Desi qn Specifications 

* Core dia. cm, in. 

Pole t ip  dia. cm, 8 b  in. 

Beam radius, rnax cm, in . 
Field gap, center cm, 1 7 ”  e; in. 

Field, max 9. k-gau s s 

Field drop-off 1 3 3  % 

Weight, Fe ?50 ; C-d $4 tons 

Winding s d i d  

Cooling 

* Dee dia. cm, Y in. 

6 .  Dee aperture cm, I in. 

4 .  Dee-to-d ee gap cm, -.-.--in. 

Beam extraction, type ~ - f  d e t ,  I - K L ~ ~  C %  ~ D ~ I F  I 

Ion source, type Oak P”q? 
‘See  Refererxe 2 

- 4  1 

Design energy and part icle 

2 %  MeV prcbf:cl?,s 

Mev 

MeV 

Mev 

R-F frequency 1 3 * 4  MC/S 

Osci I lator type self-ex, 9 gnd-g 

- one ,  Fede~~a?,-134 Osci llator tube 

Osc. input, max 400 k W  

Osc. output, rnax 250 kw 

Pre-exci ter y%O 

Dee bias, d-c rnax - 1 0 0 0  y 

Dee-to-dee, max 500 - k v  



X-882A 

Energy, Mev 

Frequency, Mc/sec 

Mag. field, k-gauss 

Dee-to-dee, kv  

Internal Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

Stable, pa 
External Beam, 

Peak, pa 

Energy spread, 451, 
% 

A C T U A L  P E R F O R M A N C E  D A T A  

Pro tons Deuterons Alphas 

a 22 

1'1.4 

8800 

400 

2800 

3000 

3 (du1% widthat 1 / a ,  max) 

40% 0, P- 
180 10 

3 o o 5  
%* 

Unusual Features 

Pub1 i shed Art ic les Describing Machine 

1, R. S o  Livingston, "The Oak Ridge 86-1neh Cyclotron.," N a t u r e  170, 

2. R. S .  Livingston a,nd R e  J. Jones, "High Intensity $on Source for  
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F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  SHEET 

Present Fields of Research % of Time History and Status 

Design study 1957 

Model tests I958 

Engineering design 1958 
to start 

Construction d e d  Spring 1359 

Completion date 1960 

Scheduled operation hr s/w k 

Magnet cost  - $185,000 
6 - Total cost -+ b1d.g. $3 x 1 0  

+ facilities 
Des i qn Speci f icat ions 

Core dia. cm, - 76 in. 

Pole t ip  dia. cm, 76 in. 

Beam radius, max cm, 31,  5 in. 

F ie ld  gap, center cm, 7 -  5 in. 

Field, w ave l;,$.- 17 k-gauss 

F ie ld  rise 8 %  

Weight, F e  200 ; AL 9 tons 

Winding bar  1. 1 3 - h o ,  S q .  0, m15-in. 

Coo I ing water 

Dee dia. - cm, 35. 5 in. 

1 8 7 .  Dee aperture cm, e in. 

Dee-to-dee gap cm, L i n .  

Beam extraction, type regenerative 

Ion source, type Oak Ridge 

Mev 

R-F frequency 7 .5  to  2 2 - 5  Mc/s 
Orbit frequency 1 , 5  to 22,5 
Osci I lator type 

hole, 
Oscil lator tube RCA 6949 

Osc. input, max 700 k w  

Osc. output, max 500 k w  

Pre-exci ter n o  

Dee bias, d-c rnax -1000 V 

kv Dee-to-dee, rnax 200 

Shielding concrete, 7 to  8 f t  

over please 



- 148- 

Pro tons Deuterons 

Energy, Mev 

Frequency, Mc/sec 

May. field, k-gauss 

Dee-to-dee, kv  

Internal Beam, 
Stable, pa 

Peak, pa 

Energy spread, 76 

External Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

X-882A 

Alphas 

A C T U A L  P E R F O R M A N C E  D A T A  

Beam “piped” f t  to external target. Beam analyzing magnet used? 

Unusual Features 

Published Art ic les Describinq Machine 



X-882 
-1149- 

F I X E D - F R E Q U E N C Y  CYCLOfRQOd D A T A  SHEET 

c 

Name of machine S0Uthe2XI RegiOxkaI. A@@eZ.eratOX' (EnjeCtOP) 

- -I-- Ins ti tu t ion Oak Ridge National Laboratory -- 

Address Oak Ridge, Temessce  - - 

Person in charge Dro Re ,Se Livingston -- 

- October a958 Person supplying data -.- ~- Date -- 

History and Status Present Fields of Research % of Time 

At present design studies Design study 

-- Model tests and model tests only, 

Engineering design 

Construction started 

Completion date -- 
Scheduled operation 

for 12-Gev proton s y c h s o t r o n  Magnet cos t 

Total cost  

Des i gn Speci f i cat ions 

Magnet A V F  (azimuthally varyi+;g field.) 

Pole t i p  dia, cm, - in, 

1 7  1 f t  Beam radius, max cm, 0 

Fie ld  gap, center cm, in. 

Field, max 22 k-gauss 

, 2 i . & A L L u  k-gauss c r e  ses  
ave FielB%up-& 

Weight, F e  2600 ; CU. 150 tons 

Winding 

Coo I ing 

Dee dia, 

Dee aperture 

Dee-to-dee gap 

Beam extraction, 

Ion source, type 

cm, - in. 

cm, - in. 

cm, -in. 

t Y  Pe 

-- hrs/wk 

Design energy and part icle 

850 Mev protons 

Mev 

Mev - 

Mev 

R-F frequency 

Osci 1 lator type 

Osci l lator tube 

Osc. input, max 

Osc. output, max 

Pre-exci ter 

Dee bias, d-c max 

&her@- t+?SW6= e?, gain max 

Sh i eld i ng 

Mc/s 

four cavities 

1000 k w  

k w  

V 

k Mev/turn 



i 

Protons 

Energy, Mev 

Frequency, Mc/sec 

Mag. field, k-gauss 

Dee-to-dee, kv  

internal Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

External Beam, 
Stable, pa 

Peak, l a  

Energy spread, % 

X-882A 

Deuteron s Alphas 

A C T U A L  PE RFORMAN CE D A T A  

Beam “piped” f t  to external target. Beam analyzing magnet used? 

Unusual Features 

High energy and  ~ :ur ren t  at fixed frequency, Eight-sector magnet, 

19Q-kex- ekectrons i.n Cyd~tnpon AnaPogue 1, s ~ e  Ref. 1 ., Cycj.otron Analogue 11 

b e k g  constructed fo r  e:Lect;rons to 500 kev. 

Pub1 i shed Art ic les Describing Mach ine 
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-151- 

F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  S H E E T  

-- Name of machine The Ohio State University 42-Inch Cyclotron 

Present Fields of  Research 

Z"$-cPcar reactions 

I a ? a t ~ ~ ~  production 

Magnet 

% o f  Time History and Status 

90  

kZ 

Des i gn Spec i f i cat ions 

Winding 

Cooling 

Dee dia. 

Dee aperture 

Dee-to-dee gap 

Beam extraction, type 

Ion source, type 

Design study a937 

- Model tests 

Engineering design 

Construction xixi&& 194b 
3- e _'Li 3d e 12 d 
€ w i i i m w  3. q5/i 

Scheduled operation 30 hrs/wk 

Magnet cost  

Total cost  

Core dia. cm, 50 in. * 

Pole t i p  dia. cm, 4 7  in. 

Beam radius, max cm, 21 in. 

F ie ld  gap, center cm, in. 

Field, max 115 &-gauss 

F ie ld  drop-off appr33)c. 3 % 

Weight, F e  :=k.J ; c u  ;I * )  tons 

Design energy and part icle 

6 .  2 MeV p r D t o i ' l f 3  

1 2 . 4  M~,, deu te rms  

Mev 

R-F frequency 4 !. ~ 2 Mc/s 

Osci l lator type TI.?, TG 

Oscil lator tube A x p e  rex L 5 

50 
Osc. input, max k w  

k w  Osc. output, max 3 5  

Pre-exci ter 

Dee bias, d-c max V 

Dee-to-dee, max l 2 b  & v  

Sh i e l  d ing 

over D I eos e 



X-882A 

Energy, Mev 

Frequency, Mc/sec 

Mag. field, k-gauss 

Dee-to-dee, kv 

Internal Beam, 
Stable, pa 

Peak, pa 

Energy spread, 5% 

External Beam, 
Stable, pa 

Peak, l a  

Energy spread, % * 

A C T U A L  P E R F O R M A N C E  D A T A  I5-E 

Protons H, Deuterons Alphas 

6 . 2  12.4. 24 

1 1 . 2  11. 2 1 1 . 2  

7 . 2  1 4  4 14,4  

100  1 80 100  

ba 

150-200 150-200 100 

250 250 

50* 0.5*' 50* 4- t 

7 5  2.0 

0.5 
=& 

Unusual Features 

External beam analvzing svstem consists of a - pair of quadrupole focusing 

magnets 15-deg sector-type beam-bending magnet, and 7000 lb double- 

focusing sector-type reaction particle analyzing magnet. 

Published Art ic les Describing Machine 

1, 

2 ,  

P r o g r e s s  Report ,  U . S . A . E . C .  , Contract AT(l1-1)-158 (1953) 

P r o g r e s s  Report ,  U.S .A.E.C. ,  Contract AT(l l -1)-503 (1957) 

t Ion source and dee f o r  e9 and a under construction 



X-882 

- 1 $,3- 

F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  SHEET 

Ins t i tu t ion Oregon State CoEBege 

Person in charge E, A ,  Uunker 

Person supplying data 
May 1958 Date E ,  A ,  Yunker 

Present Fields of Research % of Time History and Status 

Design study Testing and instrumentation 100  

Model tests 

En g i nee r i ng des i gn 

Construction started 

Completion date May 1957 

Scheduled operation h r s/w k 

Magnet cost 

Total cost  

Des i gn Spec i f i cat ions 

Magnet 

Core dia. cm, 45 in. 

Pole t ip  dia. cm, = 3 7  in. * 

Beam radius, max cm, a4 in. ’ 

F ie ld  gap, center cm, 9 5  1 . in. 

F ie ld  drop-off % 

Weight, F e  5c ; @U 5, 5 tons 

Winding coS3xaer 

Coo I ing air 

Field, max 14 k-gau s s 

Dee dia. cm, 32 in. 

4 ’  cm, - In. Dee aperture 

Dee-to-dee gap cm, ;in. k 7 5 .  

Beam extraction, type none 

Ion source, type hot filament 

Design energy and part icle 

7 .  5 

15 

R-F frequency 

Osci I lator type 

Osci l lator tube 

Osc. input, max 

Osc. output, max 

Pre-exci ter 

M~~ deuterons 

M~~ protons 

Mev 

Mev 

Mc/s 

self-ex. 

RCA 5770  

30 k w  

kW 

V Dee bias, d-c max 

k v  Dee-to-dee, max 1 

concrete Shielding 

over pi eas e 



X-882A 

Protons Deuterons 

Energy, Mev 

Frequency, Mc/sec 

Mag. field, k-gauss 

Dee-to-dee, kv 

Internal Beam, 
Stable, pa 

Peak, pa 

Energy spread, 76 

External Beam, 
Stable, pa 

Peak, Fa 

Energy spread, 7% 

-154- 

A C T U A L  P E R F O R M A N C E  D A T A  

Alphas 

Beam "piped" f t  to external target. Beam analyzing magnet used? 

Unusual Features 

Published Art ic les Describing Machine 
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F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  S H E E T  
X-882 

- Name of machine University of Pit tsburgh Cyclotron 
Y 

Inst i tut ion University af Pittsburgh 

Address Pi t t sburgh  li 3, Pennsylvania 

- Person in charge D r ,  4%. J-, A l l e n  

Date J ~ n e  1958 Person supplying data * J  J g  A’’en 

Present Fields of Research % of Time History and Status 

Isotope production Design study 

Biological experiments Model tests 

Scattering experirments Engineering design 

C r o s s  section work Construction started C r o s s  section work  Construction started 1945 

Completion date 1946 Neutron w o r k  

Scheduled operation 70 hrs/wk 
Radiation damage 

1945 

Completion date 1946 

Scheduled operation 

Neutron w o r k  

Radiation damage 70 hrs/wk 

Magnet cost 

Total cost $200,6300 

Des i gn Speci f i cat ions 

Design energy and part icle Magnet 

55 * Core dia. cm, ~, in. 

Pole t i p  dia. cm, 47 in. 

Beam radius, max cm, 21. 1 /~h. 

Fie ld  gap, center cm, 4 I j’4in, 

Field, max 18 k-gauss 

07 Field drop-off /O  

Weight, F e  . AI tons 

10 Mev Drotons 

M~~ deuterons 

MeV 

MeV 

11. c Mc/s 

Push pula, 

t w o  8 8 0 ’ s  w 

kw 70  

20 

40 

R-F frequency 

Osci l lator type 

Osci l lator tube 
Winding 

Coo I in g 

Dee dia. 

Dee aperture 

Cee-to-dee gap 

Beam extraction, type 

Ion source, type 

Osc. input, max 

Osc. output, max 

Pre-exci ter 

23 - cm, - in. 

cm, in. 

Dee bias, d-c max self isias V 

k v  Dee-to-dee, max 200 

Sh i e l  d i ng w a t e r  a n i  e a r  i7h 

over p i  eas e 



X-88 2 A 

Pro tons Deuterons 

-156- 

A C T U A L  P E R F O R M A N C E  D A T A  

Alphas 

Energy, Mev 

Frequency, Mc/sec 

8 16 3 2  

11,8 11, 8 l l ,  8 

Mag. field, k-gauss 

Dee-to-dee, kv 

Internal Beam, 
Stable, pa 

8 or 26 a4 1 6  

200 2.00 200 

208 308 40 

External Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

I 40 

250 35Q 50 

1 1 1 

Peak, pa 

Energy spread, % 

Beam “piped” 45 f t  to external target. Beam analyzing magnet used? Y ~ S  

Unusual Features 

0. 5 1 

Small magnet gap and s m a A  dee thickness gives high energy with low 

oscillator -- and magnet pow-ero. Push-padl. cscillator-of simple design. 
_I 

P u b I i shed Ar t  i c I e s De sc r i b in g Mach in e 

c 

~~ _ _ _ _ _ ~ ~  

R ,  So Bender, E, M. ReiIlev, A,  J. Allen, R. Ely, J. S ,  Arthur,  and 

J. Mausman, ”The Unlversitv of Pittsburgh Scattering Project, I t  

Rev, Sei. hs t r .  23, 10, 542 (October 19.52), - 



X-882 

c= 1, 5) 7 0 

FIXED-FREQUENCY C Y C L O T R O N  D A T A  SHEET 

.----"-- Name of machine Pu.pdu. e? 6 yc ';,o k 'k' on 

Present Fields of  Research 

Magnet 

%of Time 

40 

28 

40 

History and Status 

Design study 

Model tests 

En g i neer i ng des i gn 

Construction started 

Completion date 

Scheduled operation 

Magnet cost 

Total cost  

1 9 3 6  

AUP_US% 1938 

hrs/wk 

[no  lzbar  c a s t s  included) 
Design Specifications 

Lore dia. cm, $8 in. 

Pole t ip  dia. cm, 3 6 .  5 in. 

Beam radius, max cm, 1 b  in. 

F ie ld  gap, center cm, 5, 5 in. 

Field, max 16.. 3 k-gauss 

Field drop-off % ; e 5  % 

Weight, Fe  4.0 ; 

Winding 

Coo I ing dis t i3 ,ed  w a t e r  

Dee dia. cm, - 3 %  in. - 

Dee aperture cm, 2 in. 

Dee-to-dee gap cm, PJ 2 5  in. 

Beam extraction, type e l  $9-r 

Ion source, type 

R-F frequency 

Osci I lator type 

Osci l lator tube 

Osc. input, max 

Osc. output, max 

Pre-exci ter 

Dee bias, d-c max 

Dee-to-dee, max 

Shield ing 

40 k w  

kw 

n, Q 

V 



X-88 2 A 

Pro tons Deuterons 

Energy, Mev 90 6 

-158- 

ACTUAL P E R F O R M A N C E  D A T A  

Alphas 

19., 3 

Frequency, Mc/sec 1 12,4 1 12,4 

Mag. field, k-gauss 

Dee-to-dee, kv 

1 6 m  2 16,2 

80 80 

internal Beam, 
Stable, pa 

Beam “piped” 23 ft to external target. Beam analyzing magnet used? yes 

200 80 

Unusual Features 

Peak, ~ C I  

Energy spread, % 

External Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

P ubi i shed Articles Descri bins Machine 

24 0 100  

3 3 

% ** 
25 0 0 3 * “  8* 0 .15  

30  0 , 3  10 Oo15 

3 0 .1  3 091 

l e :  w in S and 

J. De Howe, “The Purdue Cyclotron,’’ Jo Frank, Inst. - 228, 563 (1939je 

c 
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F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  S H E E T  

Name of machine Variable Energy GYG 3.cstmn 

Inst i tut ion UnEt~ePsi ty  of Re%h.estek" 

Present Fields of Research % of Time History and Status 

Design study Nuclear reactions and 

sp ed", t T 0 s c op y 1. QQ Model tests 

Engineering design 

Construction 1934 (4 Mev) 

Scheduled operation 5Q hrs/wk 

Magnet cost 

Total cost  

Des i gn Spec i f i cat i ons 

Magnet Design energy and part icle 

Core dia. cm, 26.4 in. 8 Mev protons 

Pole t ip  dia. cm, 26 0 4. in. 4. 25 M~~ deuterons 
Beam radius, max cm, l l  e 75 in. 

F ie ld  gap, center cm, 3,4 in. 

8. 5 MeV &I,phaS 

Field, max 
MeV 

Fie ld  drop-off 3 - 4  % R-F frequency 9 - 2% Mc/s 

tons Osci l lator type End-p Weight, F e  . A I  
c u  

Winding G O D D e P  St>PiD 

Coo I ing wate r 

Dee dia. 26 cm, .- in. 

Dee aperture cm, Z, in. 

Dee-to-dee gap cm, L i n .  
gad 

Beam extraction, type hooded. a.tt"c: 

Osci l lator tube one., 5771 

Osc. input, max 40 k w  

Osc. output, max 25 k w  

Pre-exci ter 

Dee bias, d-c max 

Dee-to-d%, max 

V 

k v  40 nd 

Ion source, type 
Shielding 



X-882A 

Deuterons Protons 

Energy, Mev 7 4. 2 5  

Frequency, M d s e c  

Mag. field, k-gauss 

Dee-to-dee, kv 

Internal Beam, 
Stable, pa 100 100 

Peak, pa 100 100 

Energy spread, % 

External Beam, 
Stable, pa zo* oa.3** 

Peak, pa 40 

Energy spread, % 0.2 
L ** 

.. 160-  

A C T U A L  P E R F O R M A N C E  D A T A  

Alphas 

8 , 5  

small 

Unusual Features 

P u b I i shed Art i c I e s De  sc r i b in g Mach in e 

NYO-6541 (AEC report). 

c 

t 
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F I X E D - F R E Q U E N C Y  C Y C L O T R O N  DATA S H E E T  

Present Fields of Research % of Time 

amma-ray studies 

Magnet 

History and Status 

Design study 1939-40 

Model tests 

En gi neer i ng des i gn l.939-40 

Construct ion started 1940 

Completion date July 1941 

Scheduled operation 20 hrs/wk 

Magnet cost 

Total cost $5000 improvements 
$5000 initiai 

Des i gn Spec i f i cat i ons 

27 * Core dia. cm, - in. 

Pole t ip  dia. cm, 27 in. 

Beam radius, max cm, 11 - 73in. 

Field gap, center cm, 3 ,  5 in. 

Field, max 120 5 k-gauss 

Field drop-off % 

Weight, Fe  1 0 ; CU-- 1 5 tons 

Winding cClpI3(3l? 

Coo I ing a%l. 

- Y  

Dee dia. 

Dee aperture cm, -- L O 6  in. 

1 .  
Dee-to-dee gap cm, -in. 

Beam extraction, type 

Ion source, type hooded arc, 

Design energy and part icle 

R-F frequency 

Osci I lator type 

Osci l lator tube 

osc. i npu t  max 

Osc. output, max 

Pre-exci ter 

Dee bias, d-c max 

Dee-to-dee, max 

Shield ing 

9.m lifier 

Mev d e ~ t e r o n ~  

Mev 

Mev 

Mev 

Mc/s 

TG9 TI? 

1 2  kw 

kw 

Y e  

none V 

20 kv  

w a t e r ,  4 f t  



x - 8 8 2 ~  

Protons Deuterons 

Energy, Mev 3 

Frequency, Mc/sec 90 4 

Mag. field, k-gauss 12 .3  

Dee-to-dee, kv 20 

I nterna 1 Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

External Beam, 
Stable, pa 2 

Peak, pa 4 

Energy spread, % few 

- 162- 

A C T U A L  P E R F O R M A N C E  D A T A  

Alphas 

Beam “piped” 4 ft  to external target. Beam analyzing magnet used? 

Unusual Features 

Publ i shed  Art ic les Describing Machine 
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F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  S H E E T  

Person supplying data Ted J, Morgan Date JUIy 1958 

Present Fields of Research 

ISCS~SPO ,produetion 

Nuclear fission 

Range - energy relations - 
N u c l e a r  reactions a n d  

scattering 

Magnet 

% of Time 

Winding 

Coo I ing 

Dee dia. 

Dee aperture 

Dee-to-d ee gap 

Beam extraction, type 

Ion source, type 

History and Status 

a Design study 

5 Model tests 

95 Engineering design 

Construction started Spr ing  1948 

79 Completion date Octabe3- 1952 

Scheduled operation l ~ s ?  hrs/wk 

Magnet cost 

Total cost $900,000 

Design Specifications 

Design energy and particle 

Core dia. cm, 7 2  in. 

Pole t ip  dia. crn, 60 in. 

3 5  5 .  Beam radius, max cm, 4 a in. 

Field gap, center cm, C 0 in. 

Field, max 153 k-gauss 

% Field drop-off a, 

Weight, F e  200 ; @E 18 tons 

cm, 53 in. 

cm, .kz-4. in. 

cm, c j i n .  

s - f  i- d-c ,  dk?f7* 

Mev 

R-F frequency lI.# 6 Mc/s 

Osci I lator type 

Osci l lator tube Q n e ,  Mac:F.TeP;t M L  5681 

self-ex. 3 gnd-g 

Osc. input, max 1, 50 kw 

Osc. output, rnax 100  k w  

Pre-exci ter ve 

Dee bias, d-c rnax none V 

Dee-to-dee, max 250 kv  



X-882A 

Energy, Mev 

Frequency, Mc/sec 

Mag. field, k-gauss 

Dee-to-dee, kv 

Internal Beam, 
Stable, pa 

A C T U A L  P E R F O R M A N C E  D A T A  

Protons Deuterons Alphas 

10.5 21 42 

1 1 . 6  11, 6 1 1 - 6  

15  15  15 

200-3250 200-250 200-250 

1000 500 ? 

Peak, pa 

~~ 

? ? ? 

Energy spread, % 

External Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

Unusual Features 

300 150 90 

500 260 110 

1. 1 1% 
1 

See Ref ,  1 below 

c 

Published Art ic les Describing Machine 

1, F, H. Schmidt, G. W. FarweU9 J. E. Henderson? T.  J. Morgang and 

J b  Lo Streib,  ‘[The University of Washington Sixty-Inch Cyclotron, 1 1  

Rev, Sci. Instr, - 25, No. 5, 499-510 (May, 1954). 



X-882 
*, 1 6 G -  

F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  S H E E T  

Person in charge J'. B, Reynolds 

Person supplying data 3.. B ,  p,ev%C?Ir? F Date Jura e 1 9 58 

Present Fields of Research % of Time History and Status 

Nuelear reactions 6 5  Design study 

Isotope prsduction alwld Model tests 

misc 3 5 Engineering design 

Construction started Early 1940 

Completion date Nov 1941 

Scheduled operation 100 hrs/wk 

Magnet cos t 

"bea.m on" t a rge t  84 b r / w k  Total cost originaI :  $1 2 5, O O O  
present  p l a n t :  $750, O O O  

Des i gn Speci f i  cat i ons 

Magnet 

Core dia. cm, 54 in. 

Pole t ip  dia. cm, 45 in. 

Beam radius, max cm,l9 I l 4 i n .  

Field gap, center cm,? !z in. 

Field, max aq .  3 k-gauss 

Field drop-off % 

Weight, Fe  70 ; CU 1 2  tons 

Winding 

Coo I ing 

Dee dia. 

Dee aperture 

Dee-to-dee gap 

Beam extraction, type 

Ion source, type 

R-F frequency 

Osci I lator type 

Osci l lator tube 

Osc. input, max 

Osc. output, max 

Pre-exci ter 

Dee bias, d-c max 

Dee-to-dee, max 

Shielding 

Fernemade, demountable 

l o a  kw 

kw 78 

1.30 kv 

unde ' g  r0un.d 

1 



X-882A 

Protons Deuterons 

Energy, Mev 5.1 10.7, 

Frequency, Mc/sec 10,8 10.8 

Mag. field, k-gauss 7. 1 5  14.3 

Dee-to-dee, kv  100 100 

Internal Beam, 
Stable, pa 

Peak, pa 

Energy spread, 7% 

External Beam, 
Stable, pa 300 300 

Peak, pa I 480 

Energy spread, % 

-166-  

ACTUAL P E R F O R M A N C E  D A T A  

Alphas 

20,4 

10.8 

14,3 

100 

15 

40 

Beam “piped” 2o f t  to external target. Beam analyzing magnet used? no 

Unusual Features 

Pub1 i shed Art ic les Describing Machine 
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-167- 

F I X E D - F R E Q U E N C Y  C Y C L O T R Q N  D A T A  S H E E T  

Y a1 e 2 8 - h I-. 
I Name of machine 

Inst i tut ion Y a l e  TJni,;, rs.5t.r - 
__I__- 

Address S13a,ne PkyF4 c B LaboTatory, r\3ev/ Ha-wn, Corsj?_ectiew,t 

Person in charge F. E, S’reigert 

Person supplying data E, E, Steigert Date J L l I l e  1958 

Present Fields of Research % o f  Time History and Status 

20 Design study Biophysics 

r i n u  e w e  I r irnent s 5 Model tests 

-75 Engineering design Nuclear reactions 

Construction started 1936 

Completion date 1938 

Scheduled operation ’72 hrs/wk 

Magnet cost  

Total cost $10,000 

Des i gn Spec i f i cat i ons 

Magnet 

28 . Core dia. cm, in. 

Pole t ip  dia. cm, 28 in. 

Beam radius, max cm, in. 

F ie ld  gap, center cm, 6 .  in. 

Field drop-off 16 % 

1 2 1 1 2  

Field, max k-gauss 

Weight, F e  1’7 ; Cv 3 tons 

Winding col30er s t r i p  

Cooling a i r  

25  * cm, - in. 
1 ,a /& 

cm,l 164 in. 

Dee dia. 

cm, 1 in. 

Dee aperture 

Dee-to-dee gap 

Beam extraction, type 

Ion source, type 

Design energy and part icle 

8 Mev a!,pF..aw 

Mev 

R-F frequency 10, 6 Mc/s 

Osci l lator type p ~ ~ h . : , - p v , U ,  e x t .  driven 

Osci l lator tube 5666 

OSC. input, max 28 k w  

Osc. output, max 

Pre-exci ter 

Dee bias, d-c max 

Dee-to-dee, max 

Sh i e l  d ing 

24 k w  

4-kw 833 stage 

V n0Ple 

9 0  k v  

14-in.. concrete 



X-882A 

Protons 1 Deuterons I Alphas 
I I 1 

- 168- 

A C T U A L  P E R F O R M A N C E  D A T A  

seldom 
11 .sed 4.1 Energy, Mev 

Frequency, Mc/sec 

Mag. field, k-gauss 

Dee-to-dee, kv  

8,2 

Internal Beam, 

10.56 

Stable, pa 

1 0 , 5 6  

Peak, pa 

14 

Energy spread, % 

14 

External Beam, 
Stable, La 

9 0  

2 

40 

Peak, pa 

Energy spread, % 

90 
(at 10-in. 

300 radius) 

20 

1 0  2 

1 5  1 5  

ves Beam "piped" 1 5  f t  to externat target. Beam analyzing magnet used? 

Unusual Features 

Published Art ic les Describing Machine 
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X-882 
F I X E D - F R E Q U E N C Y  C Y C L O T R O N  D A T A  S H E E T  

Name of machine 

Inst i tut ion Knstitut Ruder R03'!~?!oVi~~ 

Person in charge Marce% La"zstnski 

1953 

Model tests none 

Nuclear reactions and. Design study 

stru,cture 50 

Isotope production 50 Engineering design Jan 1958 

Construction started under way 

Completion date 

Scheduled operation hr s/w k 

Magnet cost  $30, OQO 

Total cost  $300,000 
(including bu.ihding ) 

Des i gn Spec i f i cat ions 

Magnet 

Core dia. 140 cm, in. 

Pole t i p  dia. 140 cm, in. 

Beam radius, max 590 5 cm, in. 

cm, in. 

Field, max 1% k-ga u s s 

Field gap, center 20 

Field drop-off 1 , 5  % 

Weight, Fe  60 ; CU 1 0  -tons 

Winding Solid StX'iB, 5. 6x0. 34 cm 

Coo I ing m a t e r  tube panca' ccKfa 53 

Dee dia. 125 cm, in. 

cm, ____ in. Dee aperture 90 6 

Design energy and part icle 

16% Mev d e ~ ~ t e l ~ ~ n ~  

Mev 

Mev 

Mev 

R-F frequency variable Mc/s 

osc i l la tor  type seu-exo 9 gnd-g 

Oscil lator tube Borne made, 100 k~ 

Osc. input, max 12Q k w  

Osc. output, max 80 k w  

Pre-exci ter 1 0  kw 
cm, -...-.-in. Dee-to-dee gap 8 

V Dee bias, d-c max r J l 0  

Ion source, type similar to 
Oak Ridge 

Dee-to-dee, max 160 kv  

Shielding underground except 
frcant, 2 m concrete 

over please 



-170-  

Protons 

Energy, Mev 

Frequency, Mc/sec 

Mag. field, k-gauss 

Dee-to-dee, kv 

Internal Beam, 
Stable, pa 

Peak, pa 

Energy spread, % 

External Beam, 
Stable, pa 

X-882A 

Deuterons Alphas 

I 

I 

ACTUAL P E R F O R M A N C E  D A T A  

Beam “piped” f t  to external target. Beam analyzing magnet used? under construction 

Unusual Features 
n 

Shorting bar  movable over a range of 140 cm (to permi t  variable energy),  

Published Art ic les Describing Machine 

0 

8 
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Argentina 

Canada 

CERN 

France 

Germany ( W )  

Ne the r land s 

Sweden 

USSR 

FREQUENCY-MODULATED CYCLOTRONS 

'71-in. 

82-in. 

5-m 

280-cm 

754x1. 

180-cm 

230-cm 

6-m 

United Kingdom 

Harwell 11 O-in. 

Live rpool 156-in. 

United States 

UCRL 
UCLA 
Carnegie 
Chic ag o 

Columbia 
Harvard 
Princeton 
Rochester 

189-in. 
41 -in. 
141 *in. 

170-i.n- 
164-in. 

95-in. 

35-in. 
130-in. 

See page 2 fo r  key to tables 

30-Mev 

1 00-Mev 

600-Mev 

I55wMev 

33-Mev 

28-Mev 

200-Mev 

680-Mev 

d 

P 

P 

P 

d 

d 

P 

P 

built 

built 

bui It 

built 

built 

built 

built 

built ** 

175-Mev P built 

400-Mev P bui It 

730-Mev 
21-Mev 

440-Mev 
460-Mev 

38 5- Mev 
168-Mev 

20-Mev 
240-Mev 

P 
P 
P 

P 
P 
P 

P 
P 

built 
built 
built 

built 

built 
built 

built 
built 

(Page 1 

173 

175 

177 

179 

181 

183 

185 

187 

189 
191 

193 
195 

197 

199 
201 
203 

205 
207 





X-875 
(Rev. 9-58) 

F REQU ENCY-MODULATED C Y C L O T R O N  D A T A  SHEET 

W 

4 

/ Comisidn Nacirsnal de la Energia Atdmica Institution 

Person supply data Dre Santos Mayo Date A p r i l  1956 

Present Fields of Research 

Nuclear chemistr-y 

Nuclear spe c t  F o s c op y 

Biological 

Is o t op ic p r oduc ti on 

Magnet 

Core dia. 

% of  Time History and Status 

60 Design study (at Amsterdam) 

38 Model tests - 

1 Engineering design 

1 Construction started 1 9 53. 

Completion date 

Scheduled operation 20 hrs/wk 

Novernbe r 1 9 54 

Magnet cost 600, 000 florins 

Total cost 3 ,  000, 000 florins 

Design Specifications 

71 cm,- in. 

Pole t ip  dia. cm,.-. 71  * in, 

Beam radius, max cm, 3 1 . 4  in. 

Field gap, center cm, 14 in. 

Field, center l 4 0  56 k-gauss 

Field, where n = 0.2 14. 15 k-gauss 

Radius, where n = 0.2 cm, 31  8 in. 

Power 24 0 kw 

Weight, Fe  180 ; A1 9 tons 

Winding a h m i n u m  

Cooling water 

Dee aperture cm, 70 5 in. 

Dee bias, d-c max -500 

* 
Beam extraction, type regenerative 

Ion source, type 

* Under development 
a r c  o r  filament 

Design energy and part icle 

30  M~~ deuterons 

Mev 

none Pre-exci ter 

Osci l lator tube one, T4,W-I 2 / 2 0  Pha l ips  e 1  

. kw 24 Osc. d-c input, max 

Osc. r- f  output, max k W  

Frequency range 10.46 to 10. 88 Mc/s 

Repetit ion rate 19 50 pul ses/sec 

a-f  deg Acceptance time 7 

Dee-to-ground l 7  kv, peak 

concrete 3 1 , 5  in. + Shielding water 31. 5 in ,  



x -875 A 

Dee-to-ground, peak, kv 

Duty cycle, % 

lnterna I Beam, stable 
Time averaged, pa 

Energy spread, % 

ACTUAL PERFORMANCE D A T A  

* l a  

4, modulation 

13 0,5 
I.? 0 . 5  

Flux  Beam Area 
Part i c le 

(part ./c m2- s e c) (cm2) 

P 

n 

n+ 

77- 

Ext. beam “piped” f t  t o  target. Beam analyzing magnet used? 

Energy 
Energy Spread 

(Me v) 

Unusual Features of Installation 

Published Articles Describing Machine 

2. F , A , W e p ,  Phikips T e c h n i c a l R e v i e w  12 ,  No,  9 ,  247 (1951),  

3 ,  F . A . H e y n ,  Phikips Technical Review - 12 ,  Noo 12,  349 (1951),  
4, F , A . H e y n  and J o  J, BurgerJon, Philips TechEical Review - 14, No, 9 1  263 



x-875 
(Rev. 9-58) 

FREdt1 I€P(CY~-MOQULAZEB C Y C L O T R O N  D A T A  SHEET 

---._ Address Montreal. 3, Zana6a  

Person i n  

I 

Person supply data J. so F0ste.r Date MaV I958 

Present Fields of Research % of Time History and Status 

none -_. Model tests - properties 

Construction started 1946 

Completion date x. 949 

Scheduled operation ad l ib hrs/wk 

Magnet cost $55, QOQ 

Total cost not over  $200, 000 

Design Specifications 

Magnet 

Core dia. c m , 8 2 -  in. 

Pole t ip  dia. c r n , , 8 2  in. 

Beam radius, max cm, .3,$a in. 

F ie ld  gap, center cm, 7 ,  5 in. 

Field, center .;. 6, I 3 k-gauss 

Field, where n = 0.2 1 5 ,  9 k-gauss 

Radius, where n = 0.2 cm,z6. 25 in. 

Power 206) kw 

Weight, F e  ; Ail tons 

Winding hol/’low AI. bar 
Cooling water 

3 5  + Dee aperture -- cm, I in. 

Dee bias, 6-c max -2-330 

Beam extraction, type S e atte :I” e r 

Ion source, type c sad. cathode 

Design energy and part icle 

100 MeV - p r O t C ~ X i  

Mev 

Osci I lator type grad-g 

Pre-exci ter .none 

Oscil lator tube 2 

. kw Osc. d-c input, max 

Osc. r-f output, max - a ~ a i h b % e  30 ,kw 

Frequency range 25 to 20. 6 Mc/s 

Mo du I at  i on m e t ho d J m h t h g  c-nse 1 -  

400 pul ses/sec Repeti t ion rate 

Acceptance time - 18” r-f deg 

Dee-to-ground - 1 4: kv, peak 

-r 

Shi eiding TpOlUd. 



X-875A 

Dee-to-ground, peak, kv 

Duty cycle, % 

Internal Beam, stable 
Time averaged, pa 

Energy spread, % 

A C T U A L  P E R F O R M A N C E  D A T A  

Internal Beams 

14 

15 

1, 25 

Flux Beam Area 
Part ic le 

(part./cm2-sec) (cm2) 

P 

n 

n+ 

77- 

Energy 
Energy Spread 

(MeV) 

90 4 Mev 

Ext. beam “piped” m 2 5  f t  t o  target. Beam analyzing magnet used? Yes 

Unu,sual Features of Instal iation 

Low cost.  Water cooled through h o Q l o ~  aluminum bas.  Condenser on 

hollow, water-cooled, ceramic axle. 

welded to  pole pieces, 

Top and bottom of vacuum chamber 

Pole-pieces built up f rom q-in, s labs  welded and 

&n rna ih .m.4-  

Published Art ic les Describing Machine 



X-875 
(Rev.  9-58) 

F R E Q U  ENCY-MODULATE5 CYCLOTRON DATA SH E ET 

Name of machine 6 0 0 M ev Syr_chroc.;c Lot r,$xi 

Inst i tut ion 6 E R N  (European Organization for  Nuclear Research) 

Address Gen‘eve 23 (Meyrin) GenSve Switzerland 

Person in  charge P r o f ,  3 ~ -  W. Ggn tne r  

Person supply data Bo Hedin, member AIEE Date May 1958 

Present Fields of Research 

Nuclear physics 

Magnet 

Core dia. 

Pole t ip  dia. 

Beam radius, max 

F ie ld  gap, center 

Fieid, center 

Field, where n = 0.2 

Radius, where n = 0.2 

Power 

Weight, Fe  2500 ; 

Winding 38x50 

Cooling 

Dee aperture 

Dee bias, d-c max 

Beam extraction, type 

Inn c n t i r r m  +vnn 

% of Time History and Status 

Design study July 1 9 5 2  .B.110 

. July 1952 Model tests 

July 1952 Engi neer i n g design 

Construction started O c t o b e r  1954 

August 1957 Compi etion date 

Scheduled operation 75 hrs/wk 

Magnet cost 6,1OO,OOO Swiss francs 

Total cost  10,300,000 S w i s s  f rancs  
(excl. building) 

Design Specifications 

5 Q O c m ,  197 in. 

500 cm,,-. 197 in. 

228 cm, ,-. 90  * in. 

cm,170 5 in. 

1 8 - 8 6  k-gauss 

17, 89 k-gauss 

22703 cm, 8% 5 in. 

680 kw 

A1 60  tons 

nnm b a r ;  20 mm hole 
t x d  at e r 

12 c m , L L  in. 

2000 ,, 

Le Couteur 

Penning 

Design energy and part icle 

6oO_ Mev protons 

Mev 

asci 1 lator type modified Hartley 

Pre-exci ter 

Osci I lator tube T B W  12 /100  

Osc. d-c input, max .kw 

Osc. r-f output, max 7 ,  7’ kw 

Frequency range 280 75 to I . g 0 4  Mc/s 

Modulation method tuninP fork 

Repetit ion rate 5 5 pui ses/sec 

Acceptance time F - f  dF?g 

kv, peak 24 - 8 Dee-to-ground 

Shielding heavy concrete 13 f t ,  
l a b ,  wa1.l bY it 



X - 8 7 5 A  

Protons Beu teron 5 

Energy, MeV 600 

A C T U A L  P E R F O R M A N C E  D A T A  

Internal Beams 

Alphas 

I 
Frequency range, Mc/sec l b 0  4 1 

Duty cycle, % 60 I 
I 

External Beams 

Internal Beam, stable 

Energy spread, % 

, Time averaged, pa 

Part i c le 

! I 
0 . 1  

1 

F lux  

( part . / c  m 2,s e c ) 
Beam Area Energy 

I 7 . G  

n 

vi- 

77- 508169 40 250 

7600 50 150 

Energy Spread 
I 

Less than* 1 Mevl 

Ext. beam "piped" 6o f t  t o  target. Beam analyzing magnet used? Only far nt and T- 

Unusual Features of Instal lat ion 

Pioc  magnet with a.dju.st;zhPe edges close to  c7JcPotron can give a pion 

beam of any desired energy (-lip to over 300 Mev) through a fixed pipe in 

shielding wall. 

Published Art ic les Describinq Machine 

1 e 

2 ,  Debrain P o  Lazanski M. and Boyadjian,G., The CERN Synchro-cyclotron 

r 3 ,  Krienen F, Moduh.to 

Hedin, B o  9 1 ' D e ~ i ~ n  of CER.N S'JI.Frr3.kro-r=~clQtTC)n~~nC-?t,I1 CFAN - -  E;C; 2 { J aan 1955). 
I 1  

Control System,tl CERN -55~-E, ' (Jan 1 9 5 0 ) ~  
CF,-RN Sv nchro-cyclotron!' CERN-58-8 ( A p r i l  1958)- I1  



X-875 
(Rev. 9-58) 

- 1 ?$I-. 

F R E Q U E N C Y - M O D U L A T E D  C Y C L O T R O N  D A T A  S H E E T  

Present Fields of Research 

P 

Magnet 

% of Time History and Status 

Model tests 

Engineering design P F  il!,iP S 

Construction started c p 2 n u +  a rY I' 57 

Completion date J U P P  2958 

Scheduled operation hrs/wk 

Total cost  

Design Speci f i  cation s 

Core dia. ' $ 0  cm,- in. 

cm,-, in. 

Beam radius, max cm,--. in. 

F ie ld  gap, center 39 cm, in. 

Field, center i 6 )  I 2 k-gauss 

Field, where n = 0.2 k-gauss 

Radius, where n = 0.2 123 cm, in. 

Pole t i p  dia. 230 

12. 

1 : *  

Power 400 kw 

Weight, F e  650 ; -41 .A. tons 

1 ' - 2 3  qim S r _ ~ ] ~ g  

Cooling 

Dee aperture 

Dee bias, d-c max 

Beam extraction, type 

Ion source, type 

Design energy and part icle 

Osci I lator type 

Pre-exci ter 

Osci I lator tube 

Osc. d-c input, 

Osc. r-f output, 

Frequency range 25* to 20, 2 Mc/s 



X-875A 

Protons 

A C T U A L  P E R F O R M A N C E  D A T A  

Internal Beams 

Deuteron s Alphas 

Energy, MeV 

Frequency range, Mc/sec 

Mag. field, k-gauss 

Dee-to-ground, peak, kv 

155 80 160  

25, 2 - 2 0 .  2 . 12 .  5-1 1 1 6 . 2 - 6  

1 6 , 2 6  a & 2 6  16 .26  

25 

1 Duty cycle, % 

Internal Beam, stable 
Time averaged, pa 

Energy spread, % 

- 2  

External Beams 

Part i c le 

P 

n 

n+ 

77- 

F lux  Beam Area Energy I Energy Spread 
(part./cm2-sec) (cm2) (MeV) 

Ext. beam “piped” f t  t o  target. Beam analyzing magnet used? 

Unusual Features of Instal lat ion 

Published Art ic les Describing Machine 



X-875 
(Rev. 9-58) 

F R E Q19 ENCY-MO D U L AT E D C YCLO B WQ N D A T A  SH E ET 

& 

--I____ 

Person i n  charge P r o f ,  w* Re:z.',er 

Present Fields of Research % of Time History and StaLs - 

Production of radioisotoEs 50 Design study n953 - 

Radiation effects on cyrstals 20 Model tests 1954 

Scattering experiments 20 Engineering design 1954 

Nuclear reaction mecb-agisms 1 0  Construction started 1954 

Completion date May 1958 

Scheduled operation var ies  hrs/wk 

Magnet cost 620,000 DM 
. - - Total cost  1 , 5 0 Q , 0 0 0  DM 

Magnet 
! k. 

Core dia. 

Pole t i p  dia. 

Beam radius, max 

F ie ld  gap, center 

Field, center 

. I, 

Design Specifications 

' 9 Q  'cm,- in, 

Field, where n = 0.2 1 4 0  I k-gavss 
Gap, where n =  0 ,2  24,4 cm 
Radius, where n = 0.2 84 5 cm, in. 

Winding copper  

dis,  water Cooling 

Dee aperture 10 cm,-in. 

v Dee bias, d-c rnax 0 - 1300 

Beam extraction, type 

Design energy and part icle 

Pre-exci ter 

Qsci I lator tube RS 5 3 3  

Qsc. d-c input, max 25 . kw 
Qsc. r-f output, max 1 0  kw 

Frequency range 100 '7 to 11 - 2 Mc/s 

Mo du I a t  i on met hod {e r r-0 e le C t P  i 
naense r 

Repetit ion rate 18 00 puY ses/sec 

Acceptance time r-f deg 

Dee-to-ground 1 0  kv, peak 

!on source, type lsw v s l t a ~ e  ,arc 
Shielding concrete,  2 r n  



-482 -  

Protons 

Energy, Mev 

Frequency range, Mc/sec 

Mag. field, k-gauss - 
Dee-to-ground, peak, kv  

Duty cycle, % ’ Internal Beam, stable 
Time averaged, l a  

X-875A 

Deuterons 

35 

1 4 , 5  

A C T U A L  P E R F O R M A N C E  D A T A  

Alphas 

70 

10 .a -11 .2 .10 .7 -11 . .2  

1 4 , 5  

1 0  10  

4 0.1 

I I 1 

Part i c le 

External Beams 

F lux  Beam Area Energy 
Energy Spread 

(parte/cm2-sec) (cm2) (MeV) 

P 

n 

n+ 

77- 

Ext. beam “piped” f f  to target. Beam analyzing magnet used? 

Unusuai Features of Instal lat ion 

Ferroelectric modulation 

Published Art ic les Describing Machine 



X-875 
(Rev, 9-58) 

F R E Q U E N C Y - M O D U L A T E D  C Y C L O T R O N  D A T A  SHEET 

Name of machine Philips Spchrocyclofrwn 

inst i tut ion Institute  OF A?u.clear Research 

Present Fi el ds of Research 

8 

Magnet 

Core dia. 

Pole t i p  dia. 

Beam radius, rnax 

F ie ld  gap, center 

Field, center 

Field, where n = 0.2 

Radius, where n = 0.2 

Power 

Weight, F e  176 ; 

Winding 

Cooling 

Dee aperture 

Dee bias, d-c max 

Beam extraction, type 

ton source, type 

1 S ,  2 -  1 

% of Time History and Status 

s;>ly<de-jj - 3 [y-.Z 
-? \J Design study _I 

Model tests 

Engineering design CSC 

fi 0 Construction started 1.946 

Completion date Auqu st 1g49 

Scheduled operation 7 8  hrs/wk 

Magnet cost 

Total cost  

Design Specifications 

ern,- in. 

cm,-. in. 

cm,- in. 

=m, - in. 

k-gau s s 

k-gauss 

cm, in. 

kw 

c u  tons 

h 38 

1 EO 

*I c; . 5 

2 7  
- Y  

2 ' J  -, 
I e' , 1 LJ 

PI -' [- 

i , . 4  

* '  

3 i 3. 

1- r ,  

cm, - in. 

Design energy and part ic le 

i",8 

c:, 6 - 

Osci I lator type 

Pre-exci ter 

Osci I lator tube 

Osc. d-c input, 

osc.  r-f output, 

max 25 . kw 

rnax 8 kw 



-184- 

Deuterons 

X-875A 

Alphas 

A C T U A L  P E R F O R M A N C E  D A T A  

Internal Beams 

Flux 
Part i c le 

(part./cm2-sec) 

P 

n 

n+ 

77- 

9 

Beam Area Energy 
Energy Spread 

(cm2) (MeV) 

Protons 

Energy, MeV 

Frequency range, Mc/sec 

Duty cycle, % I 
Internal Beam, stable 

Time averaged, pa 

Energy spread, % 

255 I 5 3  I I 
0 ,380  0.380 

25 25 

7 

Ext. beam “piped” f t  to target. Beam analyzing magnet used? 

Unusual Features of Instal lat ion 

Special design ion s o u . r c \ ~ j  high dee voltage; high value duty cycle; 

high olitTaut current; speciai d e s i p  modulator motor. 

Published Art ic les Describing Machine 
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X-875 
(Rev. 9-58) 

F R E Q U E N C Y - M O D U L A T E D  C Y C L O T R O N  D A T A  SHEET 

Name of machine Uppsala S ~ ~ ~ b r o c y @ % ~ % r ~ n  

Inst i tut ion 

Address University of Uppsala 

The Gustaf W e r n e r  Institute far Nuclear C h e n i s t r y  

Present Fie1 ds of Research % of Time History and Status 

I?iigla, energy physics 60 Design study 1946 

Nuclear spectroscopy 10 

Nuclear ehemi s t r y  1 0  

Radiation biology 20 

Model tests 19411 

Engineering design 1946 

Construction started 1947 

Completion date (First beam) De<-., I$51  

Scheduled operation 115 hrs/wk 

w 
Magnet co s t 

Total cost $ I , O O O ,  6 0 8  

$1 50, eo0  

n Design Specifications 

Magnet 

110 Core dia. 280 cm,- in. 

Pole t ip  dia. 23 8 cm,~., 90 5 in. 

d. r* 1 
Beam radius, max 102 cm,-, in. 

cm, 9 -  8 in. F ie ld  gap, center 25  

Field, center 2 %  54 k-gauss 

Field, where n = 0.2 ”, 58 k-gauss 

Radius, where n = 0.2 102 cm, 4 0 ,  1 in. 

Power kw 

Weight, F e , A ;  Cu 50 tons 

Winding c Dupe Y 

Cooling w ate r 

2 1  * Dee aperture 8 cm,-.In. 

Bee bias, d-c max 1000 v 

Ion source, type pulsed arc 

Design energy and part icle 

280 MeV pyotons 

Mev 

Osci l lator type gx2d-g 

no Pre-exci ter 

Osci I lator tube 

Osc. d-c input, max 25 . kw 

P h i l i p s  rpaB7vV 1 2  J Z S  

Repetit ion rate 2’0 pul ses/sec 

3-4 Acceptance time r-f deg 

Dee-to-ground G 10 kv, peak 

Shielding undergrJu.ild -7 iroia- 
o re  concrete  



-186- 

Protons 

192  

26@ 0 - 3 2 . 8  

2 L 5 4  

5 1 0  

2 4  

1 

17 

X-875A 

Deuterons Alphas 

A C T U A L  PERFORMANCE D A T A  

F l u x  

(part./ -sec) 

1 0  

5 
- C 5 X 1 0  

2 x 1 0  

Internal Beams 

Beam Area Energy 
Energy Spread 

k m 2 )  (MeV) 

> 0 , l  185 S 1 Mev - 
20 186 ~ 1 5 M e v  

Energy, Mev 

Frequency range, Mc/sec 

Mag. field, k-gauss 

Dee-to-ground, peak, kv  

Duty cycle, % 

Internal Beam, stable 
Time averaged, pa 

Energy spread, % 

I Part i c le 

P 

n 

774- 

77- 

Ext. beam “piped” 53 f t  t o  target. Beam analyzing magnet used? no 

Unusual Features of Instal lat ion 

Frequency modulation conrdelzser rotating in air. 

Published Art ic les Describing Machine 
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F REQU ENCY-MODULATED C Y C L O T R O N  D A T A  SHEET 
w data not verified 

Name of machine 6-hdeter Phasotron ~-~ 

Institut ion- Joint Nuclear Research Institute -1 Nuclear Problems Laboratory 

Address Dubna, USSR ~-.- 

4 

Person i n  charge V ,  Dzhelepov - - 

Person supply data (various sources)  Date I- 

Present Fie1 ds of Research 

Elastic scattering: D and n 

Pion formation 

Pion inte r ac ti ons 

% of Time 

- Design study 

History and Status 

Model tests -- 

Engineering design 

Con sir  uct i on started 

Completion date 1949; 3953 

-- 

Scheduled operation 11* hrslwk 

Magnet cost 

Total cost 

Design Specifications 

Magnet 

Core dia. 600 cm,- in. 

Pole t ip  dia. cm,,- in. 

Beam radius, max cm,,-, in. 

Field gap, center 60  cm, in. 

Field, center 16, 8 k-gauss 

Field, where n = 0.2 k-gauss 

Radius, where n = 0.2 cm, - in. 

Power 1000 kw 

Weight, Fe  ,7200.; C U J ,  tons 

Winding copper bar  

Cooling air 

Dee aperture cm, - in. 

Dee bias, d-c max v 

Beam extraction, type 

?on source, type hot cathode 

Design energy and part icle 

680 M~~ protons 

Mev 

Osci 1 lator type gnd-g 

Pre-exci ter 

Osci I lator tube two, Cu-12A 
av e 

Osc. d-c input, me* 50 . kw 

Osc. r- f  output, max kw 

Frequency range 26 to 13 Mc/s 

Modulation method rotating condenser 

Repetit ion rate 80 pug ses/sec 

Acceptance time r-% deg 

Dee-to-ground kv, peak 

Shielding concrete, 6 m;near  
beam 6 m of i ron 
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Protons Deuterons Alphas 

Energy, MeV 680 

Frequency range, Mc/sec 

Mag. field, k-gauss 

Dee-to-ground, peak, kv 

Duty cycle, % 

Internal Beam, stable 

- 

Time averaged, pa 0 , l  - 0.2 

Energy spread, % 

X-87SA 

rticle 

P 

n 

n+ 

7T- 

A C T U A L  P E R F O R M A N C E  D A T A  

F l u x  Beam Area Energy 
Energy Spread 

+rztdzrnZ-se4 (cm2) (MeV) 

0 , 0 1 5  pa 

Internal Beams 

External Beams 

P ‘ar 

Ext. beam “piped” f t  to target. Beam analyzing magnet used? 

Unusual Features of Instal lat ion 

Published Art ic les Describinq Machine 

CERN Symposium 1956,  p. 148, 
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F REQU ENCY-MODULATED C Y C L O T R O N  D A T A  SHEEP 

Name of machine 

Inst i tut ion Atomic Energy Research Establishment 

Address HarwelI, Berkshire  England 

Person i n  charge M r .  €3. Rose 

Person supply data Bo Rose Date May 1958 - 

11 O-Inch Synchrocyclotron 

Present Fie1 ds of Research 

Nucleus -nucleus 

scattering 

Nuc l e  on - nuc leu s 

s c a tt e ring 

Radiochemistry 

Isotope production 

Mi s c e llane ou s 

% of Time 

52 

40 

3 

1 

4 

History and Status 

Design study 

Model tests 

Engineering design Jan 1946 

Construction started Dec 1 946 

Completion date 

Scheduled operation 80  hrs/wk 

Magnet cost - 8  90,000 

Total cost  / ~ 9  $250,000 

Dec 1949 

Design Speci f i cation s 

Magnet Design energy and part icle 

Core dia. cm,- 110 - in. 175 MeV protons 

Pole t i p  dia. c m , , 1 1 0 ,  in. Mev 

Beam radius, max cm,,., 50 4 in. 

F ie ld  gap, center cm, - 1 2  in. 

Field, center l 6 * 2  k-gauss 

Field, where n = 0.2 15, 5 k-gauss 

Radius, where n = 0.2 cm, 50 0 4 * in. Osc. d-c input, max 21 . kw 

gnd-g triode 

none 

Osci I lator type 

Pre-exci ter 

Osci I lator tube one, GEC CAT-17 

kw osc .  r-f output, max kw 
Power 300 

Weight, F e  670 ; CU 70 tons 

Winding copper s t r ip  
Cooling o i l  

Frequency range 26- 3 to 18.9 Mc/s 

Modulation method rotat. V a C  condenser 

Dee aperture 
Repeti t ion rate 1 80 p u ~  ses/sec 4 .  cm, - in. 

Acceptance time r-f deg 

Dfe-to-ground 1 0  kv, peak 

Dee bias, d-c max 1200 v 

Beam extraction, type sca t t e r -  9 mag. channe 
Shielding underground, 6 It 

Ion source, type d-c filament a r c  concrete roof 



X -875 A 

Part i c le 

D 

P 

n 

A C T U A L  PERFORMANCE D A T A  

F lux  Beam Area Enerqy 

! mgy=** 
(cm2) (MeV)  piped (part ./c m 2-s e c) 

0 0 5  . 1 4 0 * 2  23 f t  1 . 5 x 1 0  

3 x P O  4 1 4 0 f 3  48 f t  

6 

6 

%_ O4 as r e u r e d  w o o  up to 75 ft 

Internal Beams 

Internal Beam, stable 

Externol Beams 

focusing magnets 
Ext. beam "piped" f t  to target. Beam mLyaInga.a.grat-used? quadrupole 

Unusual Features of Installation 

Underground installation. Pulsed internal beam fo r  fast neutron 

tirne-of4flright9 15- 120  Mev, 

Pubiished Articles Describing Machine 

1, Pickavance, Adams, and Snowden, Nature, 165, 90  (1950).  

2, Pickavance ,and Gassels, Nature, 169, 520 (1952).  
- 

3, J, Po Scanlon et al, Rev, Sci. Hnst, 28, 749 (1957).  



- 

F R E Q U E N C Y - M O D U L A T E D  C Y C L O T R O N  D A T A  SHEET 

X-875 
(Rev. 9-58) 

Person i n  charge P r o f e S s c J ~  w. F ,  SFz1n-.c.r 

.- Person supply data M~ :* AAool e Date Ju,, 19  58 

Historv and Status Present Fields of Research 

Pion phy,&' q16, s 

Proton and neutron 

% of Time 

,aC Design study ?"947 - ly;:)! 

Model tests 

Engineering design 194%- 1952 

I?-f only a 348- 1950 

1 5  r e a c ti om s 

Isotope production, 3 Construction started 19 51 

Completion date 3 954 Bubble chasmbe r 2 

Scheduled operation 84 hrs/wk 

Magnet cost 

Total cost  

-A 21 5, k - J ( j ( j  

y L y I 3 ,  &1(jo "On beaiz?ll year ly  average 

Design Specifications 

Magnet Design energy and part icle 

Core dia. 331 cm,- 156 in. 

Beam radius, max 1'76 

Pole t i p  dia. 381 cm, ?., 56 in. 

cm, - ' in. 71 9 
Mev 

Fie ld  gap, center 36 cm, /i-j I in. 

Field, center It 2. k-gauss 

Field, where n = 0.2 1 7 .  9 k-gauss 

Radius, where n = 0.2 1 7 6  cm, 'I . 9 in. 

Osc i  1 lator tube 
i- 

E Z V ' .  ocle 

Osc. d-c input, max 2. ') kw 

Osc. r-Q output, max not Icnown kw 

Mc/s Frequency range 28. 2 to 18,  9 
Winding 

Cooling 

Repeti t ion rate 1 1.0 puIses/sec A. . cm, L in. Dee aperture c.i. 6 

r-f deg L j  J 'J - a  Acceptance time * i C' Dee bias, d-c max -1,  v 

Ion source, type 



x -875 A 

Duty cycle, % 

Internal Beam, stable 
Time averaged, pa 

Energy spread, % 

A C T U A L  P E R F O R M A N C E  @ A T A  

3 

6.0 

n 4 5 1 . 5 x  $ 0  

77+ 10 /sec 20 

T- 3 3  x 10 20 

3 

3 

External Beams 

581 

3 5 0  

P O 0  * 5  

100 n 5  

I Part i c le 
F lux  

(par te/c m2-s e c) 

Beam Area 
Energy Spread 

P 

yes  Ext. beam “piped” 48 ft to  target. Beam analyzing magnet used? 

Unusuui Features of Instal lat ion 

pion beams. 

Published Art ic les Describinq Machine 
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F R E Q U E N C Y - M O D U L A T E D  C Y C L O T R O N  D A T A  SHEET 

Inst i tut ion Radiation Laboratory,  University of California, Berkeley 

Address Berkeley , California 

Person i n  charge R,  L, Thornton 

Person supply data J. T *  Vale Date NOV, 1958 

Present Fields of Research % of Time History and Status 

1940 Nuclear phvsics 86 Design study 

Model tests Nuclear chemistry 2 

E ng i neer i n g des i gn Medical 1 2  

-- Construction started 1 940 ; 1955 

Completion date 1946 ; 1957 

Scheduled operation 119 hrs/wk 

Magnet co s t 

Total cost 

Des i gn Speci f i cat ion s 

Magnet Design energy and part icle 

Core dia. cm,- 184 in. - 730 M~~ protons 
188, 75, 

Pole t ip  dia. cm,- in. 460  M~~ deuterons 

Beam radius, max 82 . cm,,-. in. 
Osci I lator type self-ex, gn.d-g: 

Fie ld  gap, center cm, 14 in. 

Field, center 230 3 k-gauss 
none Pre-exci ter 

Osci 1 lator tube Machlett M L  5681 
Field, where n = 0.2 220 275 k-gauss 

Radius, where n = 0.2 cm, $2. 2 in. Osc. d-c input, operating cond, E 8.kw 

Power aux coils a6-oo k{tonsOsc. r-f output, Operating condo 5 kw 

Weight, Fe  4000 * CU old coils 300 tons 
old coils i / 4 ~ 4  in. solid Cu Frequency range 36  to 13 Mc/s 

Winding ~ U X  coils hallow CU J 3 /16 x, 1 1 / 1 6  

Cooling aux c& - water 

old coils 900 

old coils - oil  Modulation method arlhra.tin.p reed C- o r  

Repetit ion rate 64 pul ses/sec 

Acceptance time r-f deg 

Dee aperture 1 2 . 3  cm,- 4 3 / 1 bin. 

Dee bias, d-c max 2000 

Dee-to-ground 10 kv, peak 
Beam extraction, type regenerator channel 

Ion source, type 
15 f t  concrete sides 
4 f t  concrete top 

conventional Shielding 



ACTUAL P E R F O R M A N C E  D A T A  

Internal Beams 

Internal Beam, stable 
Time averaged, l a  

Energy spread, 

P&J 

55 $A.~?.;J 

External Beams 

Ext. beam "piped" 3 f t  t o  target. Beam analyzing magnet used? Yes 

Unusual Features of instal laf icn 

Published Art ic les Describing Machine 
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(Rev. 9-58) 

F R E Q U E N C Y - M O D U L A T E D  C Y C L O T R O N  D A T A  SWEET 

Name of machine UCLA $1 -Inch @yclotron 

lnsti tution University of California, Physics  Department 

Address Los Angeles 24, California 

Person i n  charge Prof .  So Regha id  Richardson 

Person supply data Bo T,  Wright Date June 1958 

Present Fields of Research 

Cross s e c t i m  

Pa r t i c  le  scattering; 

Radioisotope production 

Mi s c ellaneous 

Magnet 

Core dia. 

Pole t ip  dia. 

Beam radius, max 

F ie ld  gap, center 

Field, center 

Field, where n = 0.2 

Radius, where n = 0.2 

Power 

% of Time History and Status 

_20 Design study * 
20 Model tests * 

Eng i neer i n g des i gn 40 

20 Construct ion started 

Completion date 

Scheduled operation 30 hrs/wk 

Magnet cost * 
Total cost 

Design Specifications 

cm,- 41 * in. 

c m , . 4 1  in. 

Design energy and part icle 

c m , . . ,  18 in. 

cm, 4, 5 in. 

16. 6 k-gauss 

1 5  k-gauss 

Osci I lator type self-ex9 grid-g; 

none Pre-exci ter 

Osci I lator tube onep F , w  c 3 W 5 0 0 0 A 5  

cm, 18 0 2 * in. Osc. d-c input, max 10 .kw 

60  kw osc .  r-f output, max 6 k W  

Modulation method rotating condenser 
Cooling oil 

Dee aperture 
1 5 .  Repetit ion rate 1 000 pui ses/sec 

cm, 0 in. 

Acceptance time r- f  deg 

Dee-to-ground 9 kv, peak 

Shielding water wall f exclusion 

Dee bias, d-c max 1200 V 

BeGm extraction, type d-c deflector 

Ion source, type open d-c a r c  

* Old magnet, old Berkeley 37-inch first used 1933, 
many modifications ,, over, please 



A C T U A L  P E R F O R M A N C E  D A T A  

Energy, MeV 

Internal Beams 

Protons - 

2:) .  15 - 

Deuterons 

Dee-to-ground, peak, kv  9 

-̂I-cI-- 
Alphas 

Duty cycle, % 4 

F lux  
Part icle 

( part . /c m 2 - s e c ) 

P 6 x E O  10 

n 

774- 

Internal Beam, stable 

Beam Area Energy 
I 

Energy Spread 
(cm2) (MeV) 

I 20 0 . 1  MeV 

I 

External Beams 

Ext. beam “piped” f t  t o  target. Beam analyzing magnet used? 

Unusual Features of instal lat ion 

F r s t  I?-M GyC;GtTOE.  ‘ C 5 C S  eles,t-naos;ta.“,ic dsf lectss .  

Published Art ic les Describing Machine 
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X-875 
(Rev. 9-58) . * 

FREQU ENCY-MODULATED CYCLOTRON DATA SHEET 

Name of machine CIT 440-Mev Svnchro-cyclotron -- 

Inst i tut ion Garriegie Institute of Technology 

Address Pittsburgh 13 Pennsylvania 

Present Fields of Research 

Nuclear and meson work 

Radiation damage 

Sgallation chemistrv 

Magnet 

% of Time History and Status 

90 Design study 1946 

5 Model tests 1946-7  

5 1946-7 Eng i neer i n g des i gn 

Construction started 1 94s 

Completion date May 1952 

Scheduled operation 120 hrsiwk 

Magnet cost 

Total cost 

Design Specifications 

Core dia. cm, 163.4 in. 

Pole t ip  dia. cm, 14.1 in, 

Beam radius, max 

F ie ld  gap, center cm, l56"  2 in. 

Field, center 20, 5 k-gauss 

Field, where n = 0.2 1 9 -  6 k-gauss 

in. cm, - 
Power , ~LGI.X 430 kw 

Weight, Fe  1460 ; CU-  a 138 tons 

cm,,-- 68  4 ' in. 

6 < ,  L ,  Radius, where n = 0.2 

Winding c appel= 

Cooling oi l  

4 .  Dee aperture em, - in. 

Dee bias, d-c max 2GwO V 

.I* q. ,DV e 
Beam extraction, type 

Ion source, type hot cathode 

Design energy and part icle 

440 MeV prQtOn I 

Mev 

Osci I lator type 

Pre-exci ter 

Osci I lator tube 

Osc. d-c input, max 

Osc. r-f output, max 

Hartley 3 /4  wave 
self-ex, 

none 

e v d Q  820 

Frequency range 31 5 to 1 9 -  8 Mc/s 

Repetit ion rate 280 - 208 gulses/sec 

Acceptance time 30 ;AS r-f deg 

Dee-to-ground 15 kv, peak 



ACTUAL P E R F Q R M A N C E  D A T A  

Internal Beams 

Internal Beam, stable 

External Beams 

Ext. beam "piped" 25 f t  to target. Beam analyzing magnet used? -\lpe:S 

Published Articles Describing Machine 

NYO-780 
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F REQU ENCY-MODIIL AT E D  C Y  CLOT RON D A T A  SH E E? 

Name of machine 170" Svnchrocvclstron - 

Institut ion Enrico Ferrni Institute fo r  Vuclear Studies University of Chicago 

Address 5630 South Ellis Chicago, Illinois 

Person i n  charge ET I.i4 A I i 2 d e Y S  0 ~ 2  

Person supply data H a  %+ Anderson Date May 1'35c A- 

Present Fields of Research 

Pion physics 

p-p and np scattering and 

Palari  zation 

Radiochemistry and high- 

energy i n k  ractiona 

Magnet 

History and Status - % of Time -- 
60 Design study 194-7 

Model tests 1947 

26 Engineering design 1947 

Construct ion started 1947 - 

Completion date 1951 20 

Scheduled operation 144 hrs/wk 

h 

6 
Magnet cost $io> 6 x 1 0  

Total cost  $ 2 . 5  x 18 

Design Specifications 

178 * Core dia. cm,- in. 

Pole t i p  dia. c m , , 1 7 0 ,  in. 

Beam radius, max cm,,-. in. 

F ie ld  gap, center cm, - 18 in. 

Field, center l 8 , 6  k-gauss 

76.  5 in. 

k-gauss 1 7  6 Field, where n = 0.2 

Radius, where n = 0.2 

Power 7 0 0  k w  

cm, - 

Weight, F e  2200 ; Cu tons 

Winding c oppe r 

Cooling water 

A. - Dee aperture cm, A in. 

Design energy and part icle 

Pre-exci ter >a. on e 

Osci I lator tube Rcn - 57 70 

--* kw Osc. d-c input, max 1-40 

Osc. r-f output, max kw 

Repeti t ion rate 6 0 pui ses/sec 

Acceptance time r- f  deg 

Dee-to-ground 3o kv, peak 

nver nitvice 



X-875A 

Dee-to-ground, peak, kv 

Duty cycle, % 

Internal Beam, stable 
Time averaged, pa 

Energy spread, % 

A C T U A L  PERFORMANCE D A T A  

I 
.A 1 " 

50 

9 

1 

Internal Beams 

F lux  

( part ./c rn 2- s e c ) 

B O  2 x 1 0  
6 

50 - i O O Q -  

50 - r.oocs* 

-1 0 riot used. ylecE;xItl:; 
9c 

Beam Area Energy 
Energy Spread 

(cm2) (MeV) 

0 * 5  44 0 6 2Mev  

50 20 - 240 

50 20 - 2,40 

Part icle t- 
L 

External Beams 

Ext. beam "piped" 3Q f t  t o  target. Beam analyzing magnet used? strQ%,-focu,s magnet 

Unusual Features of Instal lat ion 

Rotating shield i~., partit:,or. wa,?-i,, method of pmton beam 

Pub1 i shed Art ic les Descri b i  nq Mach I ne 
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X-875A 

Dee-to-ground, peak, kv 

Duty cycle, % 

Internal Beam, stable 
Time averaged, pa 

Energy spread, % 

A C T U A L  PERFORMANCE D A T A  

- [ O  

-5 

AJL 

Internal Beams 

Part i c le 

P 

n 

Ti- 

n- 

F lux  Beam Area Energy 
Energy Spread 

(part , /c m2-s e c) (cm2) (MeV) 

5-c I!&: 0. 1 - P O Q Q  

i o 0  1.80 40- 30 

LOO '7-00 4(' - 150 

External Beams 

y e s Ext. beam "piped" ' ft to  target. Beam analyzing magnet used? 

Published Art ic les Describing Machine 
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F R E QU EN CY-MO D U L AT ED C YCLO T RON D A T A  SH E ET 

Inst i tut ion Harvard U n i v e r s i t y  

Address Cambridge Massachusetts 

Present Fields of Research % of Time 

Jan 1-346 Design study 

Model tests 

Engi neer i n g design 

Construction started AW2ust 1'?'%6 

Completion date 

Scheduled operation 120 hrs/wk 

Magnet cost 

Total cost  apprcrx $1 million 

June 194-9 

Magnet 

Core dia. 

Pole t ip  dia. 

Beam radius, max 

F ie ld  gap, center 

Field, center 

Field, where n = 0.2 

Radius, where n = 0.2 

Power 

History and Status 

Design Speci f i  cat ion s 

Weight, F e  641 ; C u  74 tons 

Winding c oppe r 

Cooling water 

2 .  Dee aperture cm, - in. 

Design energy and part icle 

]I 6 8  MeV I?TQJ@IIS 

Mev 

Osci I lator type 

Pre-exci ter 

Osci 1 lator tube 

Osc. d-c input, max & W l O  kw 

Osc. r-f output, max k W  

Frequency range 26 to .30 Mc/s 

Moduiation method rd;a'h;iag condenser 

Repetit ion rate 0-  260 puIses/sec 

Acceptance time r-f deg 

Dee-to-ground $0 kv, peak 

Shielding 3 t3 6 it esi?cYe%e 

over, please 



X-875A 

Protons Deuterons 

Energy, Mev : 5e 

" 2 (14 e. 

A C T U A L  P E R F O R M A N C E  D A T A  

Internal Beams 
- - 

Alphas 

Internal Beam, stable 
Time averaged, pa Q, 2 

Energy spread, % I @ L 4  1 n 

External Beams 

E x t .  beam "piped" 6,5 f t  t o  target. Beam analyzing magnet used? Yes 

Unusual Features of Instal lat ion 

Published Art ic les Describing Machine 
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F R E Q U E N C Y - M O D U L A T E D  C Y C L O T R O N  D A T A  SHEET 

3.- 83 5 
(Rev.  9-58) 

Person i n  charge -- 

Person supply data -_____l___l_ 

 ate L T %  
a 

Historv and Status Present Fields of Research % of Tinie 

ITT E! 
_-- 

___I-- 

$-"& "? ? ; 0 Design study 

Model tests 

E ngi neeri n g design 

Construction started Ma37 1.950 

Completion date :an. 2,qs 1 - 

Scheduled operation - loo hrs lwk  

- Mag net co s t $is, eon [CsrlES) -- 
Total cost  $ ~ i  8 0 ,  oar) 

.-- 

c 

Design Speci f i  cations 

Magnet 

40 Core dia. cm,-- in. 

Pole t i p  dia. cm,.-. in. 

Beam radius, max cm,.&. in. 

1. c . 
Mev 

4 P.d - g 5 e :: f Qsci I lator type Y^ ., . > Q  9 , p X 3  - 
-7 

Prc-exci ter 

Osci  I lator tube 

R c I?. e 
' k -  Field gap, center cm, - -3 in. 

Field, center - I-'? k-gauss 

Field, where n = 0.2 I * o  ts k-gauss 
,- J 

Osc. d-c input, max (0 . kw Radius, where n = 0.2 +cm, Io 4 1. in. 

Power 4 kw v 

Weight, Fe  43 ; G.1 - 8 tons 

Winding 

Cooling 

i261p~b-r t>'r,",Q 

.*vp " p  
J is .. 

1 - P a  
P 1  . 

Dee aperture cm, %o in. 

Osc. a - f  output, max kw 

Acceptance time r-6 deg 

T Dee- to-ground % 1 kv, peak 

Shielding 
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- 

A C T U A L  PERFORMANCE D A T A  

Protons 

Mag, field, k-gauss 

Energ , Mev 0 Frequency ran e, Mc/sec 2-8 - 25 

19 

Duty cycle, % 

Internal Beam, stable 
Time averaged, pa 

Energy spread, % 

3 - 5  

1 - 1 . 5  

00 5’ 

Part i c le 

P 

n 

n+ 

77- 

Internal Beams 

F lux  Beam Area Energy 
Energy Spread 

(part./cmZ-sec) (cm2) (MeV) 

2 x 1 0  1% 6 f a / 2  O o 3  cm . 
2 11 

External Beams 

Unusual Features of Instal lat ion 

Ehergy centrsid shb i i zed  to =to. 170 or better. 

Published Art ic les Describing Machine 

10 G o  Sshrank, “An Energy Control fo r  External Beams, ‘ I  Rev, Sci, h s t e  

4 
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FREQUENCY-MODULATED C Y C L Q T R Q N  D A T A  SHEET 

Name of machine 1 3 0 - Inc la Syn e h roc y-c 1st I" on 

lnsti tution University of Etochester - 

Address Rochester ,  New York 

Person i n  charge C ornrnittee 

Person supply data S, W .  Barnes ,  E* H a h e r : ,  W, CQOITIbS Date JUII~  1958 

Present Fields of Research 

M e  son s ca t te  ring 

Nus leon s e atter ing 

Nu c 1 e a r p o la r i z at i on. 

% of Time History and Status 

Design study Ju ly  1946 

1 $46 
Model tests 

Engineering design 

Construction started July 19-46 

Winding 

Cooling 

Completion date 

Scheduled operation 104 hrs/wk 

Magnet co s t $300 ,  

Total cost $1,362,  000 

Design Specifications 

Design energy and part icle 

240 MeV p3rOtQMS 

Magnet 

Core dia. cm,- 130 in. 

Pole t ip  dia. cm,- 130  in. 

1948 

59 1 /4. 
Beam radius, max cm,.-- in. 

Field gap, center cm, 1 3 .  6 in. 

Field, center 16. 9 k-gauss 

Field, where n = 0.2 1 6 0 3 3  k-gauss 

Radius, where n = 0.2 cm, 5" 3"in. 

Power 160 kw 

Weight, Fe  a OGL' i A I  $0 tons 

3 .  Dee aperture em, - In. 

Dee bias, d-c max v 

Beam extraction, type 

Ion source, type cold cathode 

Osci l lator type 

Pre-exci ter 

Osci I lator tube 

Osc. d-c input, 

o s c .  r-f output, 

Mev 

seif-ex, gnd-g 

n "3 

max 25 . kw 

max kw 

Frequency range 1 9 . 5  to 2 Q * 3  Mc/s 

Modulation m % a $ h g  conda?%er 

Repetit ion rate 109 to 3 0 8  puIses/sec 

Acceptance time r-f deg 

Dee-to-ground e b 0  kv, peak 

Shielding 3 f%. CokzCX'etC? QII top 

O n  f ront  
and back; 3 f t  copper 



ACTUAL PERFORMANCE D A T A  

Internal Beams 

External Beams 

Ext. beam “piped” f t  to target. Beam analyzing magnet used? 30-deg-wedge 

a 

Unusual Features of Installation 

Published Articles Describing Machine 

none, F d  Report to 0- h 1 - R -  nn cn-, 1949 (-d)- - 



PROTON SYNCHROTRONS 

Australia 

CERN 

France 

Ne the rland s 

USSR 

Dubna 

Leningrad 

Leningrad 
Moscow 

United Kingdom 

Bi r mingham 

HarweU 

United States 

4 .8 -m CG 10.6-Gev 

70-m AG 28-Gev 

8,4-m CG 3-Gev 

3.25-m CG L G e v  

28-m CG 

5-m AG 
167-m AG 
40-m AG 

5-m CG 
18.8-m CG 

10-Gev 
650-Mev 

50-Gev 

7-Gev 

1 -Gev 

7-Gev 

P a g e )  

constr ,  21 1 

constr. 213 

built 215 

C O I l § t 2 .  217 

** 
built 

constr .  

constr .  

c ons t r  . 

I* 

** 
$* 

built ** 
constr .  

219 
221 
223 

225 

227 

229 

c 

A r g onne 
Br ookhaven 
Brookhaven 

UCRL 
MURA+ 
Oak Ridge 
Princeton 

71 - f t  CG 
30-ft CG 
280-ft AG 

50-ft CG 
600-ft AG 
142-ft AG 
30- i t  CG 

12,5-Gev 

3-Gev 
30-Gev 
6.2-Gev 
15-Gev (540-Cev) 
12-Gev 
3-Gev 

c ons tr 
built 
constr .  
built 
study 
study 
c ons tr . 

231 
233 
235 
237 

239 
241 
243 

c 

-t F o r  convenience, the proposed MURA accelerator  is listed here 
because it resembles  the alternating-gradient synchrotrons in sume ways. 
It might a lso be described as a special  type of frequency-modulated 
cyclotron with a 66-fold azimuthally varying magnetic field and 50-Mev 
injection, 

See page 2 fo r  key to tables 
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X-1069 

t 

SYNCHROTRON D A T A  SHEET 

Name of machine ANU 1 O-Gev Proton Synchrotron ~ ~ - - - I _  

lnst i  tv t  ion Australian National University- - 

Address B o x 4 ,  G , P u O O ,  Canberra ,  A . C , T .  Australia 

Person in charge .- Profes so r  M ,  I,, Oliphant 

Person supplying data M r ,  J' W B1,awley Date Jcne 1.958 

Present Fields of Research 

Magnet 

Focusing, type 

% of Time History and Status 

Design study 

Model tests 

Engineering design 

Construction started 

Completion date 

Scheduled operat ion 

Magnet cost 

Total cost 

Des i gn Spec i f i ca ti ons 

weak, c - g  

Focusing, order 

F ie ld  index, n = - 0  55 

Orbit radius 4 ' 8  m, ft 

Mean radius 6,' m, ft 

4 Sectors, number 

Field, at ini. 250 gauss 

Field, max 20 .:-gauss 

Power input, max 500,000 k w  

Storage system 

Rise time 0 , 7  sec 

Weight, Fe 0 ; cu 20 tons 

22 Aperture, width --,cm, in. 

cm, - in. 

h o m  op o la r g en e r ato r 

Aperture, height 22 

Shielding 

Design Goals 

1953 

-.- h r s/w k 

cyclotron 

Part ic le  accelerated Protons 

Energy Gev 

Pulse rate 

output part/pu I se 

1 pe r  1 0  min 

Injector System 

TY Pe 

Energy 

In i ec tor output 

Injection period 

In f lec tor type 

Acce I er a t i on System 

1 to 7 5 Mc/s F re quen cy 

Accel. cavit ies 1 

1 Harmonic number 

Orbit  freq. f inal MC/S 

Gain, ave in  ear ly  s t a g e s  4 kev/furn 

Input to RF, rnax 60 kw 

over, piease 

Mev 8 

1 ma 

30  turns 

- electrostatic 



X-10 69A 

r 
Flux Beam Area Energy 

Particle 
(part./cm '-set) (cm2) ( M e 4  

A C T U A L  P E R F O R M A N C E  D A T A  

Internal Beam 

Energy Spread 

Maxi muin energy 

Beam current 

Beam current 

Gev Energy spread 

part/pul se Pulse rate 

par t/sec 

External Beams 

Ext. beam "piped" ft to target. Beam analyzing magnet used? 

Unusual Features of Installation 

Air-cored srbital magnet wit?; h r n o p o h r  generator as power sapply. 

Published Articles Describina Machine 

5. W e  Blarney, !'The Orbi ta l  Magnet and Power SiigpLy of the 1 0 - G ~  Proton 

Synchrcitron at the Awtraliar, XatCorrd University, I t  CERN Symposixm on 

High Energy Particles Aseeleratoss, l.-, 344 (i956).  
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X-1069 

SYNCHROTRON D A T A  SHEET 

I 

Name of machine CERN 25-GeV Pro ton  SynCh3?OtrOn 

Institution European Organization for  Nuclear Research (CERN) 

Address Meyrin,  Geneva- 23 Switzerland ---- 

Person in  charge 

Person supplying data 

J. B. Adams, Director PS Division, CERN 

MA3.N.  Hine Date June 1958 

Present Fields of Research 

Magnet 

Focusing, type 

Focusing, order 

% of Time History and Status 

Design study 

Model tests 19 54- 19 57 

Engineering design I955-195G 

Construction started 1956 

Completion date 1960 -- 
Scheduled operation hrs/wk 

Sw, Fr, 10, 0 0 0 ,  bo0 Magnet cost  

S w l ,  Fr, 100, 000, 000 Total cost 
incl ,  b u i k h g s  and general  

Des i gn Spec i f i cat ions expenses 

strong, I a,-p 

Design Goals 

Par t ic  le  accelerated 

Energy 25- 28 Gev 

Pr O ton 

Fie ld  index, n = 2&8,4  Pulse rate 

Orb; t radius 70,  08 m, ft output 

Mean radius 1 0 0 , Q O  m, ft Injector Sys tem 

Sectors, number 180 TY Pe 

Field, at ini, 1 4 7  gauss Energy 

Field, max 1 2- 14 -c-gauss Injector output 

Power input, max 27-32,  ., < d  kw Iniect ion period 

Storage system flywheel Inf lec tor type 

1 per 3 to 5 sec 
9 

-- 5 x 10 part/puIse 

linac 

50 Mev 

1 ma 

1 turns 

pulsed electric 

Rise time 1 . 0  sec Acce I era t i on Sy s tem 

Weight, Fe 3 ,  408 ; A I  138 tons Frequency 3 to Mc/s 

1 L l  Accel. cavit ies 16 
Aperture, width ,-.cm, ~ n .  

Aperture, height 7 cm,- in. 

Shielding 5, 5rn  baryte concrete 

20 Harmonic number 

1 / z  Mc/s Orbit  freq, final 

Gain, ave kev/turn 

Input to RF, max 1 6 x 6  kw 

over, please 



-21.4- 
X-1069A 

A C T U A L  PERFORMANCE D A T A  

lr,ternai Beam 

Maxiinurn energy 

Beam current 

Beam current 

Gev Energy spread 

-- part/pul se Pulse rate 

part/sec -.-- 

External Beams 

Ext. beam "piped" f t  to target. Beam analyzing magnet used? 

Unusual Features of Instal lation 

Published Articles Describing Machine 

1 .  Lectures on Theory and Design of A-C Proton Synchrotron, CERN (1953). 



X-1069 
- 21 5- 

SYNCHROTRON D A T A  SHEET 

, -  

Institution Commissariat 1'Energie Atwmique 

CEN Saclay - B J ? *  No. Z - ,Gif-sur-YYvette (Seine and Oise) Address 

Person in  charge Re M a i l k t  - S ,  D, Winter 

Person supplying data S o  D. Winter Date Nova 1958 

Present Fields of Research 

Magnet 

!% of Time History and Status 

Design study began k953 

Model tests began 1954 

Engineering design began 

Construction started 1955 

Completion date August 1958 

Scheduled operation 80 hrs/wk 

6 .  
Magnet cost h/4(-)0 x ] (-) i F a C S  

Total cost N 6  x 1 0  francs 9 

Des i gn Spec i f i ca t ions 

Design Goals 

Focusing, type weak, c-g - 

Focusing, order 

F ie ld  index, n = 0.6 

Or bi  t rad ius = m, ft  

Mean radius -11 rn, ft 

Sectors, number 4, and 284 blocks  

Field, at ini. 326 gauss 

Field, rnax k-gauss 
kva 

Power input, max 24,7 000 - k W  

Storage system flywheel 

Rise t i q e  0 . 8  sec 

Weight, Fe  1080 ; CU 55 tons 

Aperture, width -ern, 52,75  ~ n .  

Aperture, height l a . c m ,  --. in. 

Sh i el di ng 

between pole tips 

between pole pieces 
c oncr e t e 

Part ic le  accelerated protons 

Energy 2 2" 5 Ge v 

Pulse- duration 3 . 2  sec 

output l o1*  part/pu I s 
Output after changes in injector P O  91 

Injector System 

TY Pe 

Energy 3.6 Mev 

ma Injector output protons 1, 5 

ePec t ros  tatic gene rats r 

Injection period turns 

lnflector type elect r o static 

Ac ce I era t i on Sy s t em 

Frequency 0 - 7 8  to 8 ~ 4 1  Mc/s 

Accel. cavit ies 1 

Harmonic number 2 

Orbit freq. final 40 Mc/s 

Gain, ave 1 16 kev/turn 

Input to RF, max 15 k w  



---

X-1069A 

-216­

ACTUAL PER FORMANCE DA TA
 

Internal Beam
 

Energy spreadMaxi mum energy 

Pulse rateBeam curren t 

• 
Beam current part/sec 

External Beams expected 1959 

Particle 
Flux Beam Area 

(cm 2) 

Energy 
Energy spr~ 

(part.lcm 2.sec) (Mev) 
-

-­

----­

--

Ext. beam "piped" ft to target. Beam analyzing magnet used? _ 

Unusua I Features of Ins tallation 

Separated pole pieces, Achromatic and afocal injection optics, 

Vacuurn charnber (construction), RF tuning systern (oscilla.ting condenser + 

fe r r i te s ), 

Published Articles Describing Machine 

H. Bruck and R, Levy~Mandel, Nuovo C'irnento (l0). 2, Supp. 1, p423 

(1955). (obsolete) 

Internal reports. 



__ 
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X-] 069 

Name of mach ine 

Institution 

Address 

Person in charge 

SYNCHROTRON DATA SHEET 

Delft Proton Synchrotron,=,==~--=-,:==,----"~~:..==c,,--,,,'-"..:::c.=~----- _ 

Technical University - Accelerator Division--=-- . _ 

Kanaabweg 2, Delft, Netherlands-=	 _ 

Prof. Dr. F. A. Heyn-----"	 . _ 

F. A. Heyn	 July 1958Person supplying data Dote 

Present Fields of Research % of Time History and Status 

Magnet 

Focusing, type 

Focusing, order 

Field index, n 

Orbit radius 

Mean radius 

Sectors, number 

Field, at in], 

Field, max 

Power input, max 

Storage system 

Rise time 

Weight, Fe 

Aperture,	 wi dth 

Aperture,	 hei ght 

Shielding 

edge 

Design study 

Model tests 

Engineering design 

Construction started 

Completion date 

Schedu Ied ope rat ion 

Magnet cost 

Total cost 

Des i gn Spec i fi cations 

Design Goals 

Particle accelerated 

o 
Energy 

Pulse rate 

3. 25 m, 

____ m, 

4 

ft 

ft 

Output 

Injector System 

Type 

_ 

17.5 

3000 

none 

0.8 

AI _ _ _ 
Cu 

25 

_ _ 

gauss 

_ tons 

Energy 

Injector output 

Injection period 

Inflector type 

Acceleration System 

Frequency 

Acce l, cavities 

10 Harmonic number 

Orbit freq. final 

-------_._-­

1956
 

January 1959 

________ hrs/wk 

protons 

1 

1 per 2 sec 

______ part/pu Ise 

cyclotron
 

I"\,." 10
 

__________ ma 

_________ turns 

electrostatic 

to Mc/s 

ferrite	 transformer 

1 st 

________ Mcls 

Gain, ave _______ kev/turn 

Input to RF, max _________ kw 

over, please 
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Flux 
Partic le  

(part./cm 2-sec) 

X-1069A 

Beam Area 

k m 2 )  

Maxi muin energy 

Bearn current 

Beam current 

A C T U A L  P E R F O R M A N C E  D A T A  

Internal Beam 

Gev Energy spread 

part/pul se Pulse rate 

par t/sec 

Energy 

(MeV) 
Energy Spread 

Ext. beam “piped” ft  to target. Beam analyzing magnet used? 

Unusual Features of Installation 

Magnetic field is radially constant. Axial focusing by “edge focusingll 

at edges of the four sec tors ,  Faces of sec tors  a r e  at 19-deg angle to  radius ,  

Published Articles Describing Machine 



X-1069 
S Y N C H R O T R O N  D A T A  SHEET ** dakL nQt Verified 

Name of machine 

Ins ti tu t ion 

1 Q-Gev Synchrophasotron 

Joint Nuclear Research Institute - High Energy  Laboratory 

Address Dubna, USSR 

v* Veksler. - Person in  charge 

Date Person supplying data (various s ~ u r ~ c e s )  

Present Fields of  Research 

Magnet 

c 

_1_- 7% of Time History and Status 

Design study 

Model tests 

Engineering design 

Construction started 

Completion date 1957 

Scheduled operation 

Magnet cost 

Total cost 

h r s/w k 

Des i gn Spec i f i cations 

Design Goals 

Focusing, type weak, e - g  

Focusing, order 

F ie ld  index, n = 0.70 

28 m, f t  

Mean radius 3 0 ,  5 m, ft 

Sectors, number 48 

Field, at ini. 150  gauss 

Field, max 1 3  k-gauss 

Orbit  radius 

Power input, max 1 4 O , O O O  kw 

Storage system I flywheels 

Rise time 3. 3 sec 

Weight, F e  3 5  000 ; CU 2700 tons 

Aperture, width -cm, 150 in. 

Aperture, height 4 0  cm,- in. 

Shielding 

Part ic le accelerated protons 

Energy 1 0  Ge v 

Pulse rate 5 [min 

output 

Injector System 

h a c  TY Pe 

Energy 9 Me v 

Injector output 1 0  ma 

Inject ion period turns 

In f lec tor type 

Acceleration Sys tem 

Accel. cavit ies 2 

Harmonic number 1 

Mc/s Orbit  freq. final 

Gain, ave 2 - 2  kev/turn 

Input to RF, max kw 



A C T U A L  P E R F O R M A N C E  D A T A  

Flux Beam Areu Energy 
Particie 

(part./cm '-set) (cm2) (Me4 

Internal Beam 

Energy Spread 

Maxi muin energy 

Beam current 

Beam current 

Gev Energy spread 

part/pul se Pulse rate 

part/sec 

External Beams 

Ext. beam "piped" ft to target. Beam analyzing magnet used? 

Unusual Features of Installation 

Published Articles Describing Machine 

e 



X-1069 
S Y N C H R O T R Q N  D A T A  SHEET ** data not verified. 

Name of rnach ine 

lnst i  tution Research Institute of EPec:tra-ph\@cal Instrum,en.ts 

Address Lenitng rad 9 USSR 

Person in  charge --_ 

- Date Person supplying data ( v z L ~ ~ - Q u . ~  S Q U ~ C ~ ~ )  

I 

* 

c 

Present Fields of Research 

Magnet 

% of Time History and Status 

Design study 

Model tests 

Engineering design 

Construct ion started 

Completion date 

Scheduled operation 

Magnet cost  

Total cost 

Des i gn Specifications 

Focus in g, type strong. a-p 
v 

Focusing, order 

F ie ld  index, n = 2 7 - 5  - 2 8 * 5  

5 m, ft Orbit  radius 

Mean radius m, ft 

Sectors, number 34 

Field, at ini. 274 gauss 

Field, max * )  k-gauss 

k w  Power input, max 

Storage system 

Rise time 

Weight, Fe  . AI 
c u  

< a  sec 

tons 

Aperture, width -cm, 1 3 , 9  in. 

Aperture, height 7 , 8  cm,-- in. 

Sh i el di ng 

Design Goals 

1 9 5 8  ? 

hrs/wk 

Par t ic  le  accelerated protons 

Energy 200 $650)  

Pulse rate 4 /min 

output part/pu I se 

MeV 
G€?v 

In i ec tor Sys tern 

TY Pe 

Energy Mev 

ma Injector output 

Inject ion period turns 

lnflector type 

Ac ce I era t i on Sy s t em 

Frequency to Mc/s 

Accel. cavit ies 

Harmonic number 

Mc/s Orbi t  freq. final 

Gain, ave o J 0 6  kev/t urn 

Input to RF, max kw 

over, please 



-222- 

Flux Beam Area 
Partic le  

(part./cm2-sec) (cm2) 

X-1069A 

Energy 

(MeV) 
Energy Spread 

A C T U A L  P E R F O R M A N C E  D A T A  

Internal Beam 

Maximum energy 

Beam current 

Beam current 

Gev Energy spread 

part/pul se Pulse rate 

par t/sec 

External Beams 

Ext. beam “piped” f t  to target. Beam analyzing magnet used? 

Unusual Features of Instal lat ion 

Published Articles Describing Machine 

CERN Symposium 1956, p387 
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X-1069 
SYNCHROTRON D A T A  SHEET 

96% data not verified 
Y Name of machine 50-Gev Synchrophasot ron  

lnst i  tu t ion Research Institute for  Electrs -Physical Equipment 

Address Leningrad, ESSR 

Person in  charge 

Person supplying data (various source& Date 

Present Fields of  Research History and Status -- ?G of Time 

Design study 1956 

Model tests 1956 

En g i nee r i n g des i gn 

Construction started l 9 5 ?  

- 

-- Completion date (1.961 

Scheduled operat ion hrs/wk 

Magnet cost 

Total cost 

Des i an SDec i f i ca t ions 

Magnet 

Focusing, type strong, a-g 

Focusing, order 

F ie ld  index, n = 41 0 

Orbit radius 167  m, f t  

Mean radius m, ft 

Sectors, number 120  

Field, at ini. 9 0  gauss 

Field, rnax 1 2  k-gauss 

Power input, max 1 0 0 , 0 0 0  kw 

Storage system flywheels 

Rise time 3 , 8  sec 

Weight, Fe  22000 ; Ai tons 

20 - crn, ,- in. 

CU 
Aperture, width 

c 

Aperture, height 1 2  cm,- in. 

Sh i el di ng 

Design Goals 

Part ic le accelerated p r o t o n s  

Energy 50 Gev 

Pulse rate 6 /min 

output part/pu I se 

~ 

In i ec tor Sys tern 

TY Pe linac 

Energy 100  Mev 

Injector output ma 

Inject ion period turns 

Inflector type 

Acce leration Sys tem 

Frequency 2, 6 to 6, 1 Mc/s 

Accel. cavit ies 

Harmonicnumber ( r f  = 30  x orb. freqoJ 

Orbit freq. f inal Mc/s 

Gain, ave 100 kev/turn 

Input to RF, max kw 

f e r r i te  t r an s f o r m e  r" s 

over. alease 



-224- 

Partic le 

X-1069A 

Flux Beam Area Energy 
Energy Spread 

(part./cm '-set) k m 2 )  (MeV) 

- 

Maximum energy 

Beam current 

Beam current 

A C T U A L  P E R F O R M A N C E  D A T A  

Internal Beam 

Gev Energy spread 

part/pul se Puise rate 

part/sec 

External Beams 

Ext. beam “piped” ft  to target, Beam analyzing magnet used? 

Unusual Features of Installation 

Published Articles Describing Machine 

CERN Sv mposium 1956. ~ 1 2 7 . .  
4 



X-IO69 

Present Fields of  Research % of Time History and Status 

-- Design study 1956 - 
Model tests a956 

Engineering design 

Completion date ( l 9 5 9 ? )  

Scheduled operation hrs/wk 

Magnet cost 

Total cost 

Des i gn Spec i f i cat ions 

Design Goals 

protons Part  i c I e acce I era ted 

Magnet 

s t rong ,  a-g Focusing, type 

Focusing, order Energy a Gev 

Pulse rate 

output 

F ie ld  index, n = 

Orbit radius 

1 2 /min 

part/pul se 40 m, ft 

Mean radius In i ec tor S y s  tem 

TY Pe 

Energy 

m, ft 

Sectors, number 

Field, at ini. 

Field, max 

98 c and 12  x 

gauss 90 

9 0  k-gauss 

linac 

28 Mev 

in i ector output ma 

Inject ion period Power input, rnax k w  turns 

Inf lec tor type Storage system 

Rise time 19 5 sec 

Weight, Fe  2700 ; *I tons 

11 cm, ___ in. 

c u  

Aperture, width 

a Acce I er a t i on Sy s t em 

Frequency 00 65 to 8.5, Mc/s 

11 Prf+e, %“I t tubes 

Harmonic number 7 
cm, - in. Aperture, height 8 

Orbit freq. f inal M c i s  
Shielding - 

Gain, ave 4. 3 5  kevj turn 

Input to RF, max . 580 k w  



-226-  

Part icle 

X-10 69A 

Flux Beam Area Energy 
Energy Spread 

(part./cm2-sec) (cm2) (MeV) 

ACTUAL P E R F O R M A N C E  D A T A  

Internal Beam 

Maximum energy 

Beam current 

Beam current 

Gev Energy spread 

part/pu I se Pulse rate 

part/sec 

External Beams 

Ext. beam “piped” f t  to target. Beam analyzing magnet used? 

Unusual Features of Instal lat ion 

Published Art ic les Describing Machine 

CERN Symposium 1956, ~ 1 1 8 .  
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X-1069A 

Particle 

Maximum energy 

Beam current 

Beam current 

Flux Beam Area Energy 
Energy Spt ead 

(part./cm 2-w) (cm2) (MeV) 

3 5 x 10 /pulse 

-228-  

A C T U A L  P E R F O R M A N C E  D A T A  

Internal Beam 

1 Gev Energy spread 

lo1* partlpul se Pulse rate - .  

par t/sec 

External Beams 

Ext. beam “piped” ft  to target. Beam analyzing magnet used? 

Unusual Features of Installation 

Published Articles Describing Machine 
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X-1069 
SYNCHROTRON D A T A  SHEET 

Y 

a 

Present Fields of Research 

Magnet 

% of Time History and Status 

Design study I____ 

- Model tests 

Engineering desi gn 

Construction started 3ddV 1957 

Completion date Bee 1961 
h r s/'w k Scheduled operation 

Magnet cost  

Total cost 

Des i gn Specifications 

Focusing, type weakC, e - g  

Focusing, order 

F ie ld  index, n = 0 - 6  

Orbit radius 18.. 78 m, f t  

Mean radius 2 3 , Q P  m, 

Sectors, number 8 

Field, max 14 

f t  

Field, at ini. 299 gauss 

:-gauss 

Power input, max 8 .400 kw 

Storage system 

Rise time 0 ,  7 sec 

fa y.aii,. I P '3 e k a 

Weight, ; Cu 250 tons 

Aperture, w i dt h .-.cm, 36  in. 

Aperture, height cm, 9 in. 

Shielding c s n e r e t ~ ?  ami ear"E2 

Design Goals 

Part ic l e  accelerated psl.QtQnS 

Energy 7, 0 Ge v 

Pulse rate 25-30  per  men 

output 1 0  part/pu I se 
12  

In i ec tor Sys  tem 

TY Pe linac 

Mev Energy 1 5  

in a 

turns 

Injector output 5 

Inject ion period 3cI) 

e le c t r 0 8 P; %ti c Inflector type 

Acceleration Sys tem 

Frequency 1.4 to 8 .02 Mc/s 

Harmonic number 4 

Accel. cavit ies k do-tible 

Orbit freq. final 2 a  O1. Mc/s 

Gain, ave a ke v/ t u r n 

k w  

over, please 

Input to RF, max 80 
2k non-11nc;l;ar r ise 0% field 



- 2 3 0 -  

4 
c- 

Flux Beam Area Energy 
Partic le Energy Spread 

(part./cm2-sec) (crn2) (MeV) 

-__ 

i 
a 

i 

x- 10 69A 

Maxinuin energy 

Beam current 

Beam current 

ACTUAL P E R F O R M A N C E  D A T A  

internal Beam .-- 

-_ Gev Energy spread 

partjpul se Pulse rate ----- 

part/sec --__I- --- 

Externa i Beams 

Ext. beam "piped" ft to target. Beam analyzing magnet used? 

Unusual Features of Installation 

Overhead shielding by 6. 5 ft of concrete -6- 20 f t  ear th ,  0ver s y - ~ ~ ) I r ~ t ~ - o n .  

Experimental  a r e a  with light roofp separated from machine by PO-ft concrete 

wall. Probable use  of epony-resin glass 1ami:iates for vacuum vessel, 

"Crenillated" pole, pieces for magnetic field compensation at high fields, 

Published Articles Describing Machine 

J. J. Wilkins and A. Lo Egginton, "Some Parameters of the Gev Proton 

Synchrotron Magnet, J t  AERE @/R 2181 , 
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X-1069 
SYNCHROTROH R A T A  SHEET 

Name of machine 

Institution Argonne PJationaP Lahcr-atory 

Address Lem0F.t p I i l in  &;.is 

Person in  charge J, J, Li.i.imZPO(3d 

Z G S  (Ze ro  Gradient Sp25rotsc3rz) 

- 

Person supplying data JnL n J 0 LiViE,g e ayd Date June 1958 

Present Fields of  Research 

Magnet 

74 of Time - History and Status 

Design study Feb 1956 - present 

Model tests A u ~  1956 -, present 

Engineering design A p p r o x  1957 

Construction started S I U I I ~ ~ ~  1958 

Completion date 1962 

Scheduled operation hrs/wk 

Magnet cost 

Total cost 

Des ign Spec i f i cations 

Design Goals 

Focusing, type edge 

Focusing, order weak 

Fie ld  index, n = Z e 1 " Q  

Orbit radius m, 71 ft 

Mean radius m, 83 ft 

Sectors, number 8 

Field, max Z b ,  5 kwga"ss 

Storage system flywheel 

Field, at ini. 4-77 gauss 

Power input, max M 1 C O , o O O  kw 

Rise time --~ sec 

Weight, Fe  4000 ; CU 65 tons 

Aperture, width -cm, 32: in. 

Aperture, height 

Sh i el di ng 

c m , 5 1 / 4  in. 

180 f t  sides 

Par t ic  le  accelerated 

Energy 1 2 . 5  

1 per  4 set2 

p r  oton 8 

Gev 

Pulse rate 

output -10 part/pu I se 
12  

Injector System 

linac TY Pe 

Energy 50  Mev 

Injector output - 5  ma 

Inject ion period '8 turns 

lnflector type m ag n e tic. 

Ac ce I er a t i on System 

Frequency 4 .2  to Mc/s 

Accel. cavit ies t W 0  

Harmonic number 8 

Orbit freq. final LT-45 Mc/s 

Gain, ave " kev/turn 

Input to RF, max 80 - 100 kw 



X-1069A 

. 
Flux Beam Area Energy 

Particle Energy Spread 
(part./crn '-set) k m 2 )  (MeV) 

.__-- 

Maxi mum energy 

Beam current 

Beam current 

-232-  

A C T U A L  PERFORMANCE D A T A  

Internal &earn 

Gev Energy spread 

part/pul se Pulse rate 

part/sec - 

External Beams 

Unusual Features of Installation 

Published Articles Describing Machine 
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X-1069 
SYNCHROTRON D A T A  S H E E T  

Name of machine c 8 S YYlOt If Qll 

Institution 

Address U p t m ,  New U s r k  

Person in  charge G e x g e  B, Collins 

Broakhaven National Labor ato TV 

Person supplying data william l3. Moore  Date October  1958 

Present Fields o f  Research 

Strang e particles 

Pioiis 

76 of Time History and Status 

Design study 1947 - 1949 
75  Model tests 1948 - 1950 

25 Engineering design 1949  - 1951 

Construction s torted 1949 

Completion date 1952 

Magnet 

Focusing, type w e a k ,  e - g  

Field index, n = 0 . 6  

Orbit radius m, 30 ft 

Focusing, order 

30  ft Mean radius m, 

Sectors, number .!l 1 

Field, at ini. 290  -gauss 

Field, max 1 3 *  8 /<-gauss 

Power input, mox 2 6 '  0 0 0  kw 

Storage system 40-eQn flvwheel 

Rise time 1 ,  0 sec 

Weight, Fe  2000 ; C~.Z 70 tons 

Scheduled operation loSr hrs/wk 

Magnet cost  $750,000 

$ 7 , 0 0 0 , 0 0 0  Total cost 

Des i gn Spec i f i ca t i on s 

Design Goals 

Part ic l e  accelerated PrDtans 

Energy 3 -  0 Gev 

Pulse rate 12  per  lrnin 

output 

Injector System 

Van de Graa f f  TY Pe 

Energy 3 -  Mev 

Injector output a ma 

Inject ion period 60 p s  turns 

Inf lec tor type elect 1 0 s  tatic 

Ac ce I era t i on System 

4. 18 Mc/s to Frequency 0 . 3 3  

Aperture, width cm, 28  in. 

Aperture, height cm, --, 6 .  in. 

Shielding csrzcrete 

Accel. cavit ies 

Harmonic number 1 st 

Orbit freq. final 4.  I f ,  Mc/s 

Gain, ave 1 60  6 kev/turn 

Input to RF, max 50 kw 
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Part ic le 

protons 

X - 1 0 69.4 

Flux Beam Area Energy 

2000 - 
Energy Spread 

(part./cm '-set) b2> (MeV) 

4 x 1 0  20 2960 2 70 10 

I 

A C T U A L P E R F O R M A N C E  D A T A  

In terna I Beam 

Maxiinuin energy 2 ”  95 Gev Energy spread 2 % 

- _ _  * pu,l.sc Pulse rate -- R e a m  current I O  -10 p& 

Beam current 1 / 5  X (1 0 to 1 0  )part/sec 

1 0  11 

1 0  11 

External Beams 

Ext. beam “p iped”50-  100 ft  to target. Beam analyzing magnet used? yes 

Unusual Features of Instal lation 

Hollow-core magnet coils,  Fe r r i t e  accelerating core.  Extraction of 

large fraction of internal beam, 

Published Art ic les Describing Machine 8 

(Detailed 140-page - report)  Rev. Sci. Imstr.,  - 24, No. 9 (September 1953). 



X-1069 
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SYNCHROTRON D A T A  SHEET 

Name of machine Bmokhavm A h m a t i n g  Gradient  Synchrotron 

Institution Brookhaven National Laboratory 

D r ,  G >  K d  G r e e n  and D L  ,T. F,  Blewett 
Person in  charge 

Present Fields of  Research % of Time 

Magnet 

Focusing, type strong_, a.-,g 

Focusing, order 

F ie ld  index, n = 359 

Orbit radius 

Sectors, number 24 0 

Field, at ini. 

Field, max 

128 gauss 

1:; - .<-gauss 

Power input, max k w  

Storage system 

sec Rise time one 

Weight, Fe  4 ,  0 8 0  ; Cu 4.00 tons 

Aperture, width 

Aperture, height 

Sh i el di ng 

History and Status 

Design study 

Model tests e le c t r on an a 1.ogu e 

Engineering design 

Construction started 1955 

Completion date 1960 

- hrs/wk Scheduled operat ion 

Magnet cost  $5 million 

Total cost $29 IrL?iJllion 

Des i gn Spec i f i cations - 
Design Goals 

Part ic le accelerated -P r3tons 

Energy 3 0  Gev 

Pulse rate 3 pea: 1mh 

output part/pu I se 

Injector Sys tern 

linac TY Pe 

Energy 50 Mev 

In i ec tor output ma 

Inject ion period on e turns 

In f I ec tor type elee t r o  s tELt1c 

Acce I era t i on Sy s tem 

Frequency 1,  5 to $ 0  5 Mc/s 

Accel. cavit ies 24 
,-cm, \-' in. 

Harmonic number a2 
. *  

cm, 7 -J!- in. 
Orbi t  freq. f inal Mc/s 

d _. _I ,- 
. .  

Ir.. - 
Gain, ave 8 "  6 ke v/t u r n 

Input to RF, max k W  

over, please 



A C T U A L P E R F O R M A N C E  D A T A  

Internal Beam 

-I 

F lux Beam Area Energy 
Part ic le Energy Spread 

(part./cm 2-sec) k m 2 )  (MeV) 

Maximgm energy 

$earn current 

Beam current 

Gev Energy spread 

part/pul se Pulse rate 

part/sec 

External Beams 

Ext. beam “piped” f t  to target. Beam analyzing magnet used? 

Unusual Features of Instal lat ion 

Published Art ic les Describing Machine 

L 
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X-1069 
S Y N C H R O T R O N  D A T A  S H E E T  

Name of machine Bevatrsn 

lnst i  tu t ion Universi tv  of California Radiation Laberatorv 

Address Be E. ke ley, C a 3  Po un i a 

Person in  charge D r v  E5ward J, 5 ,  ofg T (39. 

Person supplying data W a a t e ~  Hart~01:2k Date Sept 1958 

Present Fields of Research 

-sics r e sea rch  

C h e imi s t r v 

Machine devel,opx-nent 

Magnet 

4 

75 of Time History and Status 

Design study 1946 

95 Model tests 1948 

2 1 1 2  En g i nee r i n g des i gn 

2 I / , ? ,  Construction started Sept 1949 

Completion date Feb 1954 

Scheduled operation 160 hrs/wk 

A.pri.1 1948 

Magnet cost  $ 5 , 1 9 3 , 0 0 0  

Total cost $9, ' 780 ,000  

Des i gn Spec i f i ca tions 

Design Goals 

Focusing, type weak, 6-g  

Focusing, order 

F ie ld  index, n = 0 , Q  

Orbit radius m, 50 ft 

Mean radius m, 63 ft 

Sectors, number 14.2 

Field, at ini. 299 gauss 

Field, max 1 6  k-gauss 

Power input, max 1 ~ ~ , ~ ~ ~  k w  

Storage system flywk: e e l  

Rise time 1 , 8 5  sec 

Weight, F e  9 7 0 0  ; CU 347  tons 

1 0  * Aperture, height Net 25 cm,-- in. 

Shielding 5 - 1 O P t  csncryte  

Part ic le accelerated Proton 

Energy 6~ Gev 

Pulse rate 1E/m 

output part/pu I se 

In i ec tor Sys tem 

TY Pe 'bicac 

Mev 

Injector output 0 , 4 5  ma 

Inject ion period 1 Q Q  turns 

Energy 9 . 9  

lnflector type electrostatic 

Acce I era t i on Sy s tem 

Frequency 8, 36 to 2 .46  M ~ / ~  

Accel. cavit ies one 

Harmonic number 1 

Orbit freq. final 2.461 Mc/s 

Gain, ave kev/turn 

kw Input to RF, max 25 

over, please 
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Particle 

X-l069A 

i 

Flux Beam Area Energy 
Energy Spread 

(part./cm2-sec) (cm2) (MeV) 

No External  Primzry Beam 

Maximum energy 

Beam current 

Beam current 

A C T U A L  

6 ,  2 

P E R F O R M A N C E  D A T A  

Internal Beam 

_ -  Gev Energy spread 1 0  Mev 
max 

-- 
11 

1 / 6  x 10 part/pulse Pulse rote 

- par t/s ec 

External Beams 

Ext. beam "piped" ft  to target. Beam analyzing magnet used? 

Unusual Features of Installation 

Published Articles Describing Machine 

1,  W. M. Brobeck, "Desisn and Construction of the Bevatron,If UCRL-3912 

(Sept, 1957),  

2, E. J, Lofgren, "Bevatron Operational Experiences,  I t  

CERN Symposium, p496 (1956), 

3 

L 

3 ,  Bo Cork,  '!The Bevatron 9.9-Mev Proton Linear Accelerator ,  

UCRL-2385, (July 1954). 



X-1069 
S Y N C H R O T R Q N  D A T A  SHEET 

Name of machine MURA 15 B ~ v  TWO- Way Accelerator 

lnst i  tu t ion 

Address 

Person in  charge Keith 

Midw e s t e r n  Unive r s iti e s Re s ea rck- A s s oc iati on 

2203 Ur,iversity Aven1:e !da&lson, W i s e  onsin - 

I 

Person supplying data Frarrcis To Cole Date N'oT7. 1958 

Present Fields of  Research % of Time History and Status 
- Design study Nov 195-7 - pxesent 

Model tests 40-Mev electron 
model under construction - - Engineering design 

Construction started 

Completion date _. 

Scheduled operation h r s/w k 

Magnet cost 

Total cost 

Des i gn Specifications 

Magnet (FP here = fixed-field) Design Goals 

Focus in g, type F F A G  radial  sector Part ic le accelerated protons - 
Focusing, order fodo fodo Energy 

Pulse rate F ie ld  index, /( = sa = 21 2 8 afl 

Orbit radius 33 m , 1 0 8 , 3  f t  output 

Mean radius 180 m, 5?*0 6 f t  injector System 

1 5  15401 , Ge v 

part/pu I se 

TY Pe h a c  Sectors, number 66 

gauss Energy 5o Mev 
m a  

Iniect ion period 100  turns 

3 0 0  Field, at ini. 

Field, max 1 8  k-gauss Injector output 
5 

Power input, max 60,000 k w  

Storage system not applicable Inflector type programmed magnetic 
Rise time not applicable 

bump 
Acceleration System 0,934 to 2,7 (stacking) 

Frequency 2, 7 to 20 91 Mc/s Weight, Fe  62$ 500 ; 3 ,  000 tons 

Aperture, w i d th 

Aperture, height 

Shielding 

Accel. cavit ies 

59" 1 Harmonic number 11 
cm, ~- in. 15 

Orbit freq. f inal 625 Mc/s Underground with 
LU it earth cover Gain, ave 170 kev/turn 

Input to RF, max 4,000 k w  

over, please 
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Flux Beam Area Energy 

(part./cm '-set) k m 2 )  (MeV) 
Part icle 

X- PO 69A 

-1 
Energy Spread I 

I 
-- 

A C T U A L  P E R F O R M A N C E  D A T A  

Internal Beam 

i t 

Maximum energy 

Beam current 

Beam current 

Gev Energy spread 

part/pul se Pulse rate 

par t/sec 

Ext. beam “piped” f t  to target. Beam analyzing magnet used? 

Unusual Features of Instal lat ion 

( The fixed magnetic field i x r e a s e s  by a factor of 40 or 50 over the radial  

aper ture  of 490 c m e  The field is reversed  in each half-sector; thus, on any 

. .  . circle averaged over azimuth the field is zero.  0 sci1.I- of  “2- 

orbit  about the c i r c l e  resul t  in net orbit-becding field fair ions in ei ther  -- 
direction. R-f programed for initial pulsing at lO/sec, stacking at I ,  4 G e v .  

and final pulsing at 1 / sec  Two 15-Gev beams colliding ~r , sv ides  540-Gev 

equivalent energy. Abstracted f rom Proposa l  by F. T, Howard), 

Published Art ic les Describing Machine 

The electron model is described in MURA Reports 373 and 375 

The MURA proposal document, March 14, 1958, is not numbered. 



X-1049 

Magnet 

Focus in g, type 

Focusing, order 

F ie ld  index, n = 

Orbit radius 

Mean radius 

Sectors, number 

Field, at inj. 

Field, max 
ave 

Power input, mox 

Storage system 

Rise time 

76 of Time History and Status 

Design study 

Model tests 

Engineering design 

Construction started 

Completion date 

Scheduled operation 

Magnet cost 

Total cost 

Des i gn Specifications 

2 7 0  

m, 2 i  3 f t  

3 2  

1 - 2 gauss 

l o  k-gauss 

Aperture, width B 3 m ,  in. 

ApertLre, height 6 cm,- in. 

SI iel  di ng 

V ac uu ::I 

i 

began 1957 

h r s/'w k 

Design Goals 

Par t ic  l e  accelerated protons 
Energy 1 2  Ge v 

Pulse rate 6 b j s e c  

output 

Injector System 

Inflector type re  LC zsnant 

Acceleration System 

Accel. &vi ties i ( , P  I 

- Harmoni e number 157 
MC/S c ,  p / 3 2  Orbit freq. f inal 

Gain, we i - x ~ a c  4 MeV kev/turn 

k W  Input to RF, max w P G i G  

over, please 
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r 

Flux Beam Area Energy 
Particle Energy Spread 

( part . /c m - s ec ) k m 2 )  (MeV) 

X- 10 69A 
A C T U A L  P E R F O R M A N C E  D A T A  

Internal Beam 

Maximum energy Gev Energy spread 

Beam current part/pul se Pulse rate 

Beam current part/sec - 

External Beams 

Ext. beam “piped” f t  to target. Beam analyzing magnet used? 

Unusual Features of Installation 

U s e  of high-energy A V F  cyclotron as injector. Large proton output 

. .  
at 12 Gev. 

c 

Fubli shed Articles Describing Machine 
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X-1069 
SYNCHROTRON D A T A  SHEET 

Name of machine 

Person in charge __-__- 

Date Mali i q 5 8  
Person supplying data 

Present Fields of Research 

Magnet 

76 of Time History and Status - 

Design study 1954-7956 

Modei tests 1 W3%qsin I 

Engineering design I957  

Construction started ,"I;a6Y 1958 
,'$a:;'(j 5,T-y ;" 9 t, 0 

Completion date 

Scheduled operat ion hrs/wk 

~ 

Magnet cost $2 o m ,  QrIC 

Total cost $9, ~ 0 O p  C G O  

Des i gn Spec i f i cations 

Design Goals 

Focusing, type K "  c , I -  , $  p:, - -; 
Focusing, order 

Field index, n = " 4  

Orbit radius 3 i' m, ft 

Mean radius 1 k? m/ ft 

Sectors, number I;! 

"I f.  

2 
Field, at ini. 6- gauss 

Field, max a ? - ?  '*-gauss 

Power input, max k w  

Storage system 

3''> , jb,' ' Rise time (2 L - 
n 

sec 

I 
1 .  Aperture, width cm, J in. 

2 , : .  . Aperture, height cm, LL in. 

Shielding 

Part i c I e acce I era ted 

Energy .'J ~ 0 Gev 

F * "' %*c'5 ' 

1: 

In i ec tor output ma 

turns Injection period C? 

inflector type r; 

Acce I er at i on System 
.. *- 

Frequency ? ,  5 to '' I Mc/s 

Accel. cavit ies 

Hormoni c number C Y  
(' 

1- 

Orbit freq. final _ i  Mc/s 

Gain, cvz C- 3~ L Z  kev/turn 

Input t o  RF, max 300 kw 

over, pleose 



X-1069A 

Part ic le  

I- 24$- 

ACTUAL P E R F O R M A N C E  D A T A  

In terna i Beam 

Beam Area Energy Energy Spread -7 Flux 

(part./cm '-set) b2) (MeV) 

Maximum energy 

Beam current 

Beam current 

Gev Energy spread 

part/pul se Pulse rute 

par t/sec - 

External Beams 

Ext. beam “piped” f t  to target, Beam analyzing magnet used? 

energy spread, 5% f o r  2 1 /2% energy spread., Completely shielded machine, 

Published Art ic les Describing Machine 

M. G White,  .Fa e .  Shoemaker and G o  K. OLNei%L, 3-Bev High Intensity- 

* 

Proton Synchrotron, Proceedings of the CERN Symposium3 Vo$, 1 
pi____ 

(19563. 
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P 

Germany ( W )  
Bonn 

Hamburg 

Italy 

ELECTRON SYNCHROTRONS 

170-cm 

9-m 

3 .6-m 

E 2 0 . 5  Gev 

CG 0.5-Gev constr. 24 7 

AG 7. 5-Gev constr .  249 

CG l02-Gev constr .  251 

Japan 

Sweden 

4-m 

3.65-m 

AG 1.3-Gev cons tr a 253 

AG 1.2-Gev constr .  255 

USSR 

Moscow 

Moscow 
- 

United States 

34-cm 
- -  
-s 

Cal. Tech. 

Cornell  

MIT 

198-ine 

150-in. 

86-ft 

See page 2 for  key to tables 

** 
CG L G e v  design 257 

Oo6-Gev constr ,  259 
** -- ** 

P- 4-Gev design 261 

CG 1.2-Gev built 263 

CG l05 -Gev  built 265 

AG 6-Gev constr .  267 

f 





- 247- 

X-1069 
SYNCHROTRON D A T A  SHEET 

Name of machine 500-Mev Elektronen-Synchrotron 

Physikalisches Institut d e r  Universitat Bonn 
Inst i tut ion 

Bonno Germany Nussallee 6 Address 

Person in  charge P r o f ,  D r .  W ,  Paul 

Present Fields of Research 76 of Time History and Status 

Design study 

Testing of rilachine Model tests 

operation and performance Engineering design 

Construction started 954 

Completion date 195% 

Scheduled operat ion hrs/wk 

Magnet cost  500,000 DM 
1300,000 DM 

Total cost 

Magnet 

Focusing, type strong a-g 

Focusing, order 

Des i gn Specifications 

Design Goals 

Part ic le  accelerated 

Energy Gev 

Field index, n = 17  

Orbit radius -- 1. 70 m, ft 

Mean radius 2 , 6 3  m, ft 

Sectors, number 9 
69 .gauss Field, at ini. 

Field, max 163 k -gauss  

Power input, max 75 kw 

Storage system condensers 

-m sec 

Weight, Fe  1 2  ; CU 4. 8 tons 

Rise time 8 . 5  

Aperture, width - cm, .- in. 

Aperture, height cm,- in. 

Shielding 

Pulse rate 50 per sec 

output part/pu I se 

Injector System 

TY Pe van de Graa f f  

Energy 3 Mev 

Injector output 100 ma 

Inject ion period 30  turns 

In f lec tor type electrostatic 

Acce ler a t i on Sy s tem 

Frequency 161.45  to 163, 88 Mc/s 

Accel. cavit ies 6 

Harmonic number 9 

Orbit freq. f inal 1 & 1 2  Mc/s 

kev/turn 4 Gain, ave 

Input to RF, max 2 k W  

over, please 
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Flux Beam Area Energy 
Part ic le  

(part./cm2-sec) (cm2) (MeV) 

X-10 69A 

Energy Spread 

A C T U A L P E R F O R M A N C E  D A T A  

Maxi nuin energy 

Beam current 

Beam current 

Internal Beam 

Gev Energy spread 

part/pul se Pulse rate 
a 

par t/sec I 

External Beams 

Ext. beam “piped” f t  to target. Beam analyzing magnet used? 

Unusual Features of Instal lat ion 

Published Art ic les Describing Machine 
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SYNCHROTRON D A T A  S H E E T  

Name of machine 

Inst i tut ion 

Address 

person in charge 

Person supplying data C)+ Wuster Date November 1958 

Deutsches Elektronen-Synchrotron (DESY) 

Deutsche s Elektr  onen- Synchrotron 

Hamburg-Bahrenfeld, - Luruper Chaussee 149 

Prof .  Dr .  W. Jentschke 

Present Fields of Research 

Magnet 

Focusing, type 

Focusing, order 

Field index, n = 

Orbit radius 

Mean radius 

Sectors, number 

Field, at ini. 

Field, max 

Power input, max 

Storage system 

AG 

% of Time History and Status 

Design study May 1957 - 
Model tests 

En g i nee r i n g des i gn 

Construction started 

Completion date 

Scheduled operation -- hrs/wk 

Magnet cost 

Total cost 

Des ian SDec i f i cations 

FODO 
7 0 .  261 

u m, ft 

ft 5 0 . 4 2  rn, 

48 

4 2  gauss 

7 .  89 k-gauss 

1800 k w  

resonant circuit  

Rise time A sec 

Weight, Fe  600 ; Cu 80 tons 

Aperture, width p s  t -  0. cm, in. 

Aperture, height p. t .  0. cm,.-, in. 

Shielding direct  10 m earth equiv, 
roof 2.  50 m ear th  equiv, 

Design Goals 

Part ic le accelerated electron 

Energy 7, 5 Gev 

Pulse rate 

output 

In i ec tor Sys tern 

TY Pe 

Energy 

tiO/sec 

1 0 l 1  part/pu I se 

linear accelerator  

4o Mev 

Injector output 125  ma 

Inject ion period 1 turns 

In f lec tor type electrostatic 

Acce I era t i on System 

Mc/s 49% 67 to - -  Frequency 

Accel. cavi t ies 

Harmonic number 

946 Mc/s Orbit freq. f inal 

Gain, ave O0 O kev/turn 

input to RF, max 400  kw 

16  

528 

over, please 



X - 10 69A 

Flux 
Particle 

( part ./c m 2-s ec ) 

Maximum energy 

Beam current 

Beam current 

1 Beam Area Energy 
Energy Spread 

(cm2) (MeV) 

7 

--7 

/, 
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ACTUAL P E R F O R M A N C E  

In terna I Beam 

- Gev Energy 

D A T A  

spread 

-- part/pul se Pulse rate 

par t/sec I 

External Beams 

Ext. beam “piped” f t  to target. Beam analyzing magnet used? 

Unusual Features of Installation 

Different aper tures  in F and D - sec tors  

In radial  focusing sectors:  aper ture  width 14.4 cm,height 4,8 cm 

In radial  defocusing sectors:  aper ture  width 8 ,4  c-height 8. 0 cm 

Published Articles Describing Machine 



X-1069 

c 

3 

SYNCHROTRON D A T A  SHEET 

Name of machine 'The LNFN 1-GCV Electran Synchrotron - ~- 

-I_________ 
Institution Ins iitute 6.Jagioaiale d i  $3 sica Nucleare 

Gasella Paskale no Address ~I 

Person in charge 

- F r a s c a t ~  (Eorna) 

~_sl--ll______- 
P r a f ,  G i o r g i o  Salvini 

JGylz 1958 Elate -I__-- ~ - - -  Person supplying data 

Present Fields of Research History and Status 
-ll____l__ 

5% of Time 

-- Design study - 1954-1955 
1955-1956 

195.5-19E;S 

January - _ ~ _ _ -  J 3 56 

Janxaq-  19 59 

Model tests -- 

En g i nee r i n g des i g" 

Construction started 

Corn p I et  i on date 

Magnet 

Focusing, type w e a k  

Focusing, order first 

Fie ld  index, n = 0 , h l  

Orbit radius 3 ,  60 m, ft 

Mean radius 4-  2l 7 m, ft 

Sectors, number 

Field, at ini. 

Des i gn Specifications 

Design Goals 

-- Part ic le accelerated e I e C t T  3rI.S 

Energy 1. ( 1 . 2 )  6 e v  

Pulse rate 20 per sec 

output part/pu i se 

In i ec tor Sys tern 

- Cocks roit - -W-A,.~~~,'I~~-~ TY Pe 

Energy (kinetic ) 2- MeV 

Injector output 2 (4 8 m a 

4 

gauss 2 2 , T  

Field, max 9 .  7 5  ( 1  3 \ '<-gauss 

Power input, max 8 2 5  kw 

Storage system capacitor B 
- 3  

Rise time sec -25 x 1 0  

Weight, F e  - 95 ; cu - 8  tons 

Aperture, width -cm, 22" 7 in. 

cm, - in. Aperture, height 6.6 

Shielding 

Iniect ion period 4 1 8  -- 2 0  turns 

Inflector type electrostatic 

Acceleration System 

Frequency 42 .  6 to 43. 7 Mc/s 

Accei. cavit ies 2 

Harmoni c number 4 

Orbit freq, f inal -- 16 -3 Mc/s 

Gain, ave 4- 5 k e v h r n  

- kw 3 0 input to RF, max .-__a 

over, please 



-25%- 

Part ic le 

X-10 69A 

Flux Beam Area Energy 
Energy Spread 

(part./cm2-sec) ( c m 2 >  (MeV) 

A C T U A L  P E R F O R M A N C E  D A T A  

In terna I Beam 

Maxirnuin energy 

Beam current 

Beam current 

Gev Energy spread 

part/pul se Pulse rate 

part/sec 

External Beams 

Ext. beam “piped” f t  to target, Beam analyzing magnet used? 

Unusual Features of Instal lat ion 

Published Art ic les Describing Machine 
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X-1049 
SYNCHROTRON D A T A  SHEET 

e 

A 

Present Fields of Research 

Magnet 

Focusing, type 

Focusing, order 

Field index, n = 

Orbit radius 

Mean radius 

Sectors, number 

Fieid, at ini. 

Field, max 

Power input, max 

Storage system 

Rise time 

Weight, Fe  5-3 

Aperture, width 

Aperture, height 

Shielding 

% of Time History and Status - _--Y. 

Design study ~ - - - -  1955 - 

--_I_--- 

19'56 
1956 

-- Model tests 

En g i nee r i ng des i gn -_--I-.. 

Construction started A p r i l  I957  

Ma.rch n96o Completion date -.--- 

Scheduled operation -.___I_ h r s/w k 
$300,000 Magnet cos t I- 

Total cost $640,OOc, 

Des i gn Specifications 

a-g 

Design Goals 

Par ti c le  accelerated 

Energy 0 , 3 5  ( C d ,  3 )  Gev 

Pulse rate 

output 3 x l 0  part/pulss 

ele ctr  CJI S 

2 1 , 5  & 2 per se9tc --__ 
10 

Injector System 

'E:E%e TY Pe 

Energy P MeV 

injector output (peak)  5c ma 

Injection period On9 0-r iTlOT'5 turns 

--__ eSeca,% TO". 1 n f I ec tor type 

Acce I era t i on Sy s tem 

Frequency to ,d :) 8 B Me/s 

QnF; Accel. cavit ies 

Harmonic number 16 

Orbit freq. f inal 8 ,  _ M c h  

Gain, ave 7 ( 6 )  kev/'tursr 

kw input to RF, max - 5 (50)  

over, please 
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Part ic le 

X- 10 69A 

Flux Beam Area Energy 
Energy Spread 

(part./cm2-sec) (cm2> (MeV) 

- 

A C T U A L  P E R F O R M A N C E  D A T A  

In terna i Beam 

Maximum energy 

Beam current 

Beam current 

Gev Energy spread 

part/pul se Pulse rate 

par t/s ec - 

Ext. beam “piped” f t  to target. Beam analyzing magnet used? 

Unusual Features of Instal lat ion 

Presen t  f inal  energy is 0, 75 Gevp with a,-c cur ren t  only, In the future, 

energy wi l l  be ra i sed  up to  e l c  3 Gev by adding d-c bias current .  

Parenthesized values in the front page refer to this energy. 

Pubii shed Art ic les Describing Machine 

H. Kumagai, “Design Study for the INS 1-Bev Electron. Synchrotron bv the 

High Energy Division,” INSJ-1 (TH-15) (June 13, 1957) 

( INSJF Journal  of Institute for N u d e a r  Study, University of Tokyo) 
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SYNCHROTRON D A T A  SHEET 

Name of machine 

Present Fields of Research 7% of Time 

* 
The machine is being built 

by D r o  OPle W e r h s h  at the 

Rsval  Ins t i tu te  sf Technology, 

Stockhoh.  

History and Status 

1954 Design study --__-_- I__.---I 

1954-5s Model tests ---- 

-..- 
Engineering design 1957 

Construction started - 

Completion date I__.- 

Scheduied operation hss/wk 

Magnet cost - 

Total cost 

Des i qn Spec i f i  ca tions 

Magnet 

Focusing, type st rong,  a-g 

Focusing, order 

F ie ld  index, n = 1 1 . 2  

Orbit radius 3065 m, ft 

Mean radius 5 e 3 0  m, f t  

Sectors, number 16  

Field, at ini. 55 “gauss 

Field, rnax $1 k-gauss 

Power input, max 200 k w  

Storage system c ondens e m  

Rise time sec 

Weight, Fe  3 2  ; CU 6 ,  5 tons 

Q , o  Aperture, w i dth - cm, ___ in. 

Aperture, height 3 , 6  cm,- in. 

Sh i el di ng 

Design Goals 

Part i c I e acce I era ted e oIr Ora. 

Energy 9 .  2 Gev 

Pulse rate 12 .5  

output part/pu I se 

Injector System 

Injector output 5Q ma 

Injection period turns 

Inf lec tor type electric 

Acce I era ti on Sy s tern 

to M C / S  Frequency 402 

a 
45 

Accel. cavit ies 

Harmonic number 

Orbi t  freq. f inal 9 M c j s  

Gain, ave kev/t urn 

Input to RF, max 5-10 I< W 

over, please 
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Flux Beam Area 
Partic le  

(part . / c  m - s ec ) (cm2> 

X-10 69A 

Energy 

(MeV) 
Energy Spread 

A C T U A L P E R F O R M A N C E  D A T A  

In terna I Beam 

Maximum energy 

Beam current 

Beam current 

- Gev Energy spread 

part/puI se Pulse rate 

part/sec 

External Beams 

Ext. beam ‘‘piped” ft to target. Beam analyzing magnet used? 

Unusual Features of Installation 

a 

Published Articles Describina Machine 
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X-1069 
S Y N C H R O T R O N  D A T A  SHEET$. data veTified 

Name of machine 

hs t i  tu t ion Atomic Energy Institute 

Address Moscow, USSR 

Person in charge Budke a: 

Date --- -- Person supplying data (various sources) 

Present Fields of Research 7% of Time 

_I__----- 
Design study 

Model tests air-caredJ95'7 

Engineering design -.I- I 

Construction started --_- 

Completion date -- 

Scheduled operat ion - h r s / w k  

Magnet cost 

Total cost 

Des i  gn Specifications 

Magnet 

History and Status 

Focusing, type 

Focusing, order 

Field index, n = 

Orbit radius 4 L k L  m, ft 

Mean radius m, ft 

Sectors, n u m b e r  

Field, at ini. k-gauss 

Field, max l oo  k-gauss 

Power input, max kw 

Storage system 

Rise time sec 

tons Weight, Fe . AI  
cu 

----..- cm, ,-, in. Aperture, w i dth 

Aperture, height cm,- in. 

Sh iel di ng 

Design Goals 

Partic le accelerated electrons 

Energy 1 Gev 

Pulse rate 

output part/pui se  

In i  ec tor Sys tern 

TY Pe 

Energy 

Injector output 

Iniection period 

Inf lec tor type 

Acceleration System 

Mev 

ma 

- turns 

Frequency to - Mc/s 

Acce I. cavi ties 

Harmonic number 

Orbit freq. final Mc/'s 

Gain, ave kev/t u r n 

Input to RF, max kw 

over, please 
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P 

Beam Area 
__I_- 

Flux 
Partic l e  

(part./crn2-sec) k m 2 )  

X-1069A 

Energy 1 
Energy Spread I 

(MeV) 

A C T U A L  PERFORMANCE D A T A  

Maximum energy 

Beom current 

Beam current 

In terna 1 Beam 

Gev Energy spread 

Pulse rate part/pul se 

-- par t/sec 

External Beams 

Ext. beam “piped” ft to target. Beam analyzing magnet used? 

Unusual Features of Installation 

Guide field between inner and outer coa-s F r e e d  by large 
6 pulsed cur ren ts  (-10 amp).  

t 

1 / 

Published Articles Describinq Machine 

L 
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X-1 Q69 
SYNCHROTRON D A T A  SHEET$* data verif4eed 

A I  

Name of machine --- -- __ 

In st i tution 

Address Moscow, USSR -I_- 

Person in  charge Veksler - -__-- 

Date I~ 

-_-_- - ___I- I-- 
L eb e dev In s tlix t-e_ 

Person supplying data Qvarious  source^) 

Present Fields of Research 

Magnet 

- % of Time History and Status 

Des i gn study -I_- 

------_ Model tests 

En g i nee r i n g des i gn 

-_I__-_ 

Construction started 1956 

Completion date --- 

Scheduled operation -- hrs/wk 

Magnet cost .---- 

Total cost 

Des i gn Specifications 

Design Goals 

Focusing, type 

Focusing, order 

F ie ld  index, n = 

Orbit radius m, ft 

Mean radius m, ft 

Sectors, number 

Field, at ini. k-gauss 

Field, rnax k-gauss 

Power input, max kw 

Storage system 

Rise time sec 

tons 

Aperture, w i d th -cm, in. 

Weight, Fe . AI  
cu 

Aperture, height cm,- in. 

Sh i el di ng 

-- Partic l e  accelerated 

Energy 0 - 6  Gev 

elects on s 

Pulse rate 

output part/pu I se 

In i ec tor Sys tern 

7 Y  Pe 

-___ MeV Energy 

Injector output Q 

Inject ion period - turns 

Inf lec tor type 

Acceleration System 

Frequency to Mc/s 

Accei. cavit ies 

Harmonic number 

Orbit  freq. final M c i s  

Gain, ave &e v i  t u r n 

input to RF, max k W  

over, please 
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r 
Flux Beam Area 

Part ic le  
(part./cm2-sec) k m 2 )  

X - 10 69). 

Energy 

(MeV) 
Energy Spread 

A C T U A L  P E R F O R M A N C E  D A T A  

internal Beam 

Maxi muin energy 

Beam current 

Beam current 

Gev Energy spread 

Pulse rate part/pul se 

par t/sec 

External Beams 

Ext. beam “piped” f t  to target. Beam analyzing magnet used? 

Unusual Features of Instal lat ion 

Conversion of 180-Mev model of 10-Gev synchrophasotron. 

Published Articles Describing Machine 
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X-1069 

Name of machine 

(not c.I.eaaU) lnst i  tu t ion 

Address USSR, 

Person in charge Terasov 

Present Fields of  Research 76 of Time History and Status 

Design study 1957 

Model tests 1957 

Engineering design 

Construction s tarted 

-- Completion date 

Scheduled operation h r s/'w k 

Magnet cost 

Total cost 

Magnet 

Des i gn Specifications 

Design Goals 

Focusing, type s t rong ,  a-g Part ic le  accelerated e k c t r o n  s 

Focusing, order Energy 4' Gev 

F ie ld  index, n = 

Orbit radius m, ft output part/pu I se 

Mean radius m, ft Injector System 

Pulse rate 

Sectors, number TY Pe 

Field, at ini. k-gauss Energy 

Field, max k-gauss In i ec tor output 

Power input, max kw Injection period 

Storage system Inf tec tor type 

ma 

turns 

Rise time 

Weight, Fe  , AI 
sec Acce I era t i on Sy s tem 

tons Frequency to - Mc/s , c u  
Accel. cavit ies Aperture, width -cm, in. 

Harmonic number - 
Aperture, height cm, - in. 

Shielding 
Orbit  freq. final MC/S 

Gain, ave kev/turn 

Input to RF, rnax k W  

over, please 
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Particle 

X-1069A 

I Flux Beam Area Energy 
Energy Spread 

(part./cm '-set) (cm2) (MeV) 

A 

A C T U A L  P E R F O R M A N C E  D A T A  

Internal Beam 

Maximum energy 

Beam current 

Beam current 

Gev Energy spread 

part/pul se Pulse rate 

part/sec 

External Beams 

Ext. beam "piped" ft to target. Beam analyzing magnet used? 

Unusual Features of Installation 

L 

f 

Published Articles Describing Machine 

b 
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S Y N C H R O T R O N  D A T A  S H E E T  

4 

----_- -I_p 
Name of machine CalTech Synchrotron 

Ins ti tu t ioc California Institute of TecknnsLogy -_ 

__I- 
Address Pasadena, Galiforniz 

_I- Person in charge Robert F, Bacher 

Present Fields of  Research 

Photoproduction of single 

pions 

Photop r s d u  e tion of 

multiple pions 

Pha t op r o d ~ c  t i  on of 

Kf t d 
Other 

Magnet 

b n Phase I ( 5 0 0  MeV 
% of Time History and tatus gl200 &lev) 

---_. Design study I S  Sgpt 1949 

- 40 Model iests 

- Engineering design 

- 25 Construction started 

Completion date u.1 E Sept 1956 

30 Scheduled operation 1063 hrs/wk 
10 - Magnet cost 

Total cost 

Des iqn Specifications 

Focusing, type weak, c g  

Focusing, ordqr 

F ie ld  index, n = 0, 60  

Orbit radius 148in0 ft 

Mean radius m, ft 

Sectors, number 4 

Field, at ini. 13 k-gauss 

Field, max k-gauss 

kw Power input, max 8500 

Storage system flywhe e 1 

Rise time 0.25 sec 

I tons Weight, Fe  * . AI 
c u  

Aperture, width - cm, .- 1 0  in. 

3 .  Aperture, height cm,- in. 

4-in, Lead in median Shielding 
plane only. External 
shielding: 3 feet concrete 
wall, No roof. 

Design Goals 

Part ic le accelerated electrons 

Energy I.. 4 Gev 

Pulse rate 1 /sec  

output 11 O" O - I o 11 part/pulse 

In i ec tor Sys tern 

TY Pe pulse t ransformer 

H "  0 Energy ~. Mev 

In i ec tor output 60  ma 

Inject ion period a- 4 turns 

Inf lec tor type 9 0 - deg d e  c t r CB s t&- c 

Acce lerat i  on S y s  tem 

Frequency _3a,6. to 4 8  MC/S 
1 FAA) 1 high power Accel. cavi t ies - 

Harmonic number 4 I 

Orbit  freq. final B O  Mc//s 

Gain, ave 0, 6 kev/turn 

I< w 

over, please 

Input to RF, max 40 
Main r f  requirement is to  supply 
radiation losses  e 

100 kv rf needed at 1100 Evkv 
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Flux Beam Area Energy 
Particle 

(part./cm '-set) k m 2 )  (MeV) 

5 1100 2 3 5  c m  6 x-rays 5 x 10 equivalent 
Quanta 

ACTUAL P E R F O R M A N C E  D A T A  

in terna I Beam 

Energy Spread 

bremsstrahlung 
spectrum 

+ .  

Maxiniuin energy 

Beam current 

Beam current 

1 . 2  Gev Energy spread 

part/pul se Pulse rate 

1 Dement 

1 0  
par t/s ec - 1 X I 0  

External Beams 

Ext. beam “piped” 15-40 ft to target. Beam analyzing magnet used? NO 

Unusual Features of Installation 

Built f rom 1 /4-scale Bevatron, 

a 

Published Articles Describing Machine 
e 
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SYNCHROTRON D A T A  S H E E T  

4 

-____.__ Name of machine 

lnst i  tu t ion 

Address 

Person in charge 

The C o r n e l l  I .  5-Bev Electron Synchrotron 

Laboratory of N u c l e a r  Studies 

Ithaca, New York 

P r o f .  Rober t  R e  W i l s o n  

Cornel1 University 

-_I-- 

- 

Present Fields of Research 
~~~ 

Strange particle 

Phots  production 

High-energy electrocic 

processes  

High - e re rg  y nuclear 

physics 

Magnet 

% of Time History and Status 

Design study Aug,.~st 195% 

35 Model tests September 1952 
Engineering design October 1952 

January I953 --- 20 Construction started 

Completion date 

40 hrs/wk Scheduled operation --- 

Magnet cost - $l00 ,0SO -~ 

1 0  

(v $500,000 Total cost 

Des i qn Specifications 

Focusing, type strong, a-g 

Focusing, order N = 1 5  

Field index, n = +14,75, -16 .25  

Or bi  t rad i u s m, 12. 5 ft 

Mean radius m, 120 5 ft 

Sectors, number 1 6  

Field, at ini. 20 -gQP5s 

Field, max 1 3 *  k-gauss 

Power input, max 250 k w  

Storage system 

Rise time 1 / l o 0  i, e .  30  c y c l e  sOc 

Weight, Fe  20 ; CU 8 ,  5 tons 

Aperture, width -em, in. 

cm, I___ tn. 

Sh ieiding loaded concrete 

7 3 .  

1 -  Aperture, height 2 -  5 

Design Goals 

Par t ic  le accel erated ele ctron s 
1. 5 Gev Energy I_ 

Pulse rate 30 

output l o 9  part/pu I se 

Injector System 

Van de Graaff TY Pe 

Energy l_____l 2 MeV 

ma Injector output 50 

Iniect ion period 2 - 1 0  turns 

Inf lec tor type electrostatic 

Acceleration System 

Frequency 85 t o  87 Mc/s 

Accei. cavit ies 

Harmonic number 8 

Orbit freq. final Mc/s 

Gain, ave 1 0  to 120 &ev/turn 

Input to WF, max 20 k W  

over, piease 
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A C T U A L  P E R F O R M A N C E  D A T A  

Internal Beam 
4 

Maxi mvin energy 1 , 5  Gev Energy spread 40.1yo 

Pulse rate 
9 -  

Beam cufren t 1 0 elect /PUIS e part/pul se  

Seam current par t/sec 

External Beams 

~ 

Ext. beam “piped” ft to target. Beam analyzing magnet used? 

Unusual Features of Instal lation 

Published Articles Describing Machine 

Cornel1 Report ,  available on request. 

c 
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8 

j 

Present Fields of Research 

& 

Magnet 

% of Time History and Status 

Design study A p r i l  1956 

Model tests 1956-1957 - 
Engineering design 1957- 19 58 

Construction started 195'7 

Completion date January 1960 

Scheduled operation hrs/wk 

Magnet cost  -- 

Total cost 

Des i an Spec i f i cations 

Design Goals 

Focusing, type st rong,  a.-g Part ic le accelerated electron 8 

Focusing, order FODDOF Energy 6 ,  0 Gev 

Fie ld  index, n = 90 Pulse rate 

Orbit  radius m, $5. 8 ft output 

68 /sec  - 
11 1 x 1 0 part/pu!se 

Mean radius m, 118-3  f t  Injector System 

eler,ts=9n Eia;ai: Sectors, number 48 TY Pe 

Field, at ini. 25 . -gauss Energy 20 Mev 

Field, max I z  !<.-.gauss Injector output 250 ma 

turns Power input, max k ,  200 kw Inject ion period ]I 

Storage system capacitors and c ' I o ~ ~ ~  inflector type e;,slc,trj c -nai.I see3 

Rise time 1. / 1 2 &  sec Acceleration System 

Weight, Fe  350 ; CU 55 tons Frequency 4 S S c  8.3 to Mc/s 

6 0 -  Accet. cavit ies - 2 4 2  

-l Harmonic number 360 
Aperture, width in. cm, 

Aperture, height cm, * in. 5 
Orbit  freq. f inal 

Shielding 

Input t o  RF, rnax 3 50 kw 

over. Dlease 



x-10 6s A 

Part ic le  

Maxiniuin energy 

Beam current 

Beam current 

F lux Beam Area Energy 
Energy Spread 

(part./crn2-sec) k m 2 )  (MeV) 

- 268- 

A C T U A L  P E R F O R M A N C E  D A T A  

In terna I Beam 

Gev Energy spread 

part/pul se Pulse rate 

par t /s  ec 

External Beams 

Ext, beam “piped” f t  to target. Beam analyzing magnet used? 

Unusual Features of Instal lat ion 

Published Art ic les Describina Machine 



-269-  

ELECTRON LINEAR ACCELERATORS 

France -- I-Gev constr. 
** 

USSR 1-Gev design 

Stanford 220-it 700-Mev built 
Stanford 10 ,000-f t  45-Gev study 

United States 

See page 2 for  key to  tables  

275 

277 
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X-1070 
(Rev.  9-58) 
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L I N E A R  A C C E L E R A T O R  D A T A  S H E E T  

Institution Lsbsratoire  Des Hautes Energies e t  de P h y a u e  Des  Sacs 

Boite Postale  No. 2 - Orsay  ( S .  and Oise) France Add res s 

Person in charge €3, Halban - Jo L. Delcroix 

Date October 1958 .- J, L. Belcroix Person supplying data 
Future 
Presznt Fields of  Research % of Time History and Status 

Electron scattering Design study 1955-56 - 

elastic and inelastic studies; Model tests 1956-57 

Photo effect; Study of -- Engineering design 1956-57 

polarization phenomenon Construction started 1956 

Completion date 1960 to-mesnns n e a r  t b r p d  old,---- 
Nuclear-photo effect; and Scheduled operation 100 hrs/wk 

Electrode disinegration. Total cost I. 5 x 10 francs 9 

Ini ec tor Sy s tem 

TY Pe 

Energy 

Des i gn Spec i f i cations 

Beam Characteristics 

electron gun Part ic le accelerated electrons - 
40 kev Energy 1 Gev 

output peak 100  ma Energy spread 50% of curren t  in  10%energy 

Output, ave P at the output of the buncher with 
energy = 2 . 3  Mev 

Frequency 

F ie ld  mode T M O I  Mechanical Detai i s  

RF power, peak 320 kw Tank length 

Power units 1 6  klystrons Tank diameter 

Equilib. phase by 16 phasing networks 

RF pulse duration 2 psec Length 1st tube 

Ions focused by 

Multipactoring overcome by the high value Length 1st gap 

* 0 . 1 - 1  ~ s e c  RF System Beam pulse 

2997,  9 2  Mc/sec Beam d i ameter 1 ern 

Dr i f t  tubes, number 

grid W i r e s ,  at 1 2  m Dia. 1st tube 

Dia. last tube 

Length last gap 

over, please 



X- l070A 

Particle Current Energy 

- 272- 

A C T U A L  P E R F O R M A N C E  D A T A  

Energy Spread - 

- 

Unusual Features of  Installation 

Intermediate stations at 250, 500, and 750 Mev * 

Section length 6 .1  m (61. 2 Mev/seetion at 1 gA 

Guide diameter 79.98 < 2b (82.12 mm 

Iris diameter 18 < 2a < 27 mm 

Cavity length 2 . 5  cm c = X9/4 

Pub1 ished Articles Describing AAachine 

-- 
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X-1070 
(Rev.  9-58 )  L I N E A R  A C C E L E R A T O R  D A T A  S H E E T  ** d a h  not verified 
Name o f  machine 

a 

Institution Ukranian Technical Institute 

Add res s Kharkov, USSR 

Person in charge 

Person supplying data (various sources) Date 

Present Fields of Research 

Injector System 

TY Pe 

Energy 

output 

% of Time History and Status 

Design study 1956 

Model tests 1956- 
Engineering design 

Construction started 

Completion date 

Scheduled operation hr s i w k  

Total cost 

Des i qn Speci f icat ions 

kev 

ma 

Mc/sec 

RF System 

Frequency 

F ie ld  mode 

RF power kw 

Power units 

Equ i I i b. phase 

RF pulse duration psec 

Ions focused by 

Multipactoring overcome by 

Beam Characteristics 

Part i c l e  accelerated elec tr  On 

Energy 1 Gev 

Energy spread 

Output, ave Pa 

Beam pulse psec 

Beam diameter 

Mechanical Detai Is 

Tank length 

Tank diameter 

Dr i f t  tubes, number 

Length 1st tube 

Dia. 1st tube 

Length 1st gap 

Length last  tube 

Dia. last tube 

Length last  gap 

over, please 
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A C T U A L  P E R F O R M A N C E  D A T A  
4 

Unusual Features of  Installation 

Published Articles Describing Machine 



X-1070 
(Rev,  9-58) L I N E A R  A C C E L E R A T O R  D A T A  SHEET 

Name of machine 

Institution WgI- = E n e r g y  P b v s i c  s Laboratory, S P a r h r d  Eabor-?l,tCdrV 

Add res s S t a n ~ c ~ r ~  C . a ~ * f o r n 1 a  - 

Person in charge W "  I?< a-n, P a r o f s k y  I___I 

Person supplying data R, E ,  Nm? Date M a v  1958 I 

4 

% of Time History end Status 

40 Design study , 1 9 4  h ' 7 -----.- 

Present Fields of Research 

40 Model tests 

20 Engineering desi gn 1 9 4 8 A  

Construct ion s tarfed 

Completion date --- 

WTnaPT 1949 

SpW-Lg 19%? 

Scheduled operation 90 410 hrs/wk 
5 

Total cost $ a x 1 0  

Design Spec i f icat ions 
a 

Injector System 

TY Pe 

Energy 

output 

Beam Character ist ics 

Part ic le accelerated eJ,ec,f*Tstrq - puSsed 

80 kev 

250 ma 

Energy 

Energy spread 

Output, ave -~ ~ 

RF System 

Frequency 2 8 5 6  Mc/sec 

F ie ld  mode 

RF power 3 0 0 ,  000 (pgak)kw 

d 2  

Power units 21 k Iwtrcans  

Equ i I i b. phase 

RF pulse duration 2 psec 

w a T s e  C- rest 

Beam pulse 

Beam d i ameter 

Mechanical Detai Is 
Ac c e  berator 
h k  length 
c r  els ra tor  %.x d i ameter 

Dr i f t  tubes, number 

Length 1st tube 

Dia. 1st tube 

Length 1st gap Mu I tipactori n g overcome by 

Length last tube 

Dia. last tube 

Length last gap 

over, please 
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Particle 

-276-  

A C T U A L  PERFORMANCE DATA 

Current Energy Energy Spread 

Unusual Features of instal lation 

Three beams in final target  a r ea ,  two with achromatic translation. 

Two beams at intermediate energies,  

Published Articles Describing Machine 

Chodorow, Ginzton, Ha,nsen, Kyhl, Neal and Panofsky, Rev. Sci. Instr. 
4 

~2, 134 (1955) .  



X-1070 
(Rev .  9-58) L I N E A R  A C C E L E R A T O R  D A T A  SHEET 

Name o f  machine l l M i t  Electrron Linear Aecel.eseat:Dr 

Institution Stanford Universi ty  

Stanford, California Add res s 

E &  L. Ginzton Person in charge 

W I K. 1-1" Panofsky Date Ma)T 195; 
Person supplying data 

% of Time History and Status 

Design study 1956-57 

Model tests 

Engineering desi gn 

Construct ion started - 

Completion date 

Scheduled operation hrs/wk 

- Total cost 

Des i gn Spec i f i ca t i on s 

Beam Characteristics 

Part ic le accelerated electr  S 

Energy (max) 45 Gew 

Energy spread h 2  9% 

Present Fields of Research 

I n i e c tor Sy s tern 

TY Pe 

Energy 

output 

100 kev 

1000  ma 

Output, ave Pa 

Beam pulse 2 psec 

Seam d i ameter 

Mechanical Detai ls 
A, c el c rator 

1 5, 0 uo f t  
kicceleraL3r 
k t a k  diameter 4 i n  0.D 

Drift tubes, number 

Length 1st tube 

Dia. 1st tube 

Length 1 s t  gap 

Length last tube 

Dia. last tube 

Length last gap 

k /% i:Iu 

S d i  I en gtJth,- 

RF System 

Frequency 

F ie ld  mode 

RF power 

Power units 

Equ i I i b. phase 

RE puise duration 
E le c t 1- on s 

2 p e c  

ions focused by 

Mu I ti pactori n g overcome by 

over, please 



X-1070A A C T U A L  PERFORMANCE D A T A  
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4 

Unusual Features of Installation 

Published Articles Describina Machine 
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PROTON LINEAR ACCELERATORS 

L 

Poland 1 0-Mev bui It ' * 281 

USSR 

Khrakov 

Moscow 
Moscow 

United Kingdom 

United States 

Argonne 

Brookhaven 

UCRL 

USC 
Minnesota 

11 0-ft  

11 0-ft 

20-ft  
41 - f t  

98-ft 

21 -MeV 

20-Mev 

40-Mev 

50-Mev 

50-Mev 

50-Mev 

10-Mev 
32-Mev 

68-Mev 

built ** 283 ** 
constr .  285 

287 built ** 
JIJ.  ?c *I .  

constr .  289 

design 29 I 
constr .  293 

built 295 
constr . 297 

built 299 

See page 2 for key to tables. 

+ 
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ii 

X-I070 
LINEAR A C C E L E R A T O R  DATA S H E E T  (Rev. 9-58) 

gc* data not verified 
Name of  mach ine 

lnst i  tution Central  F'olish Nuclear Research Institute 

Address Swierk, W%rsaw, Poland - 

Person in charge Andrezej Soltan 

Person supplying data (various sources) Date 

Present Fields of  Research 

Ini ec tor Sy s tem 

TY Pe 

Energy 

output 

% of Time History and Status 

Design study -~ 

Model tests --- 

Engineering design 

Construct ion started 

Completion date in operation 

Scheduled operation hr s/wk 

Total cost 

Des i gn Spec i f i cations 

kev 

ma 

RF System 

Frequency Mc/sec 

F ie ld  mode 

RF power kw 

Power units 

Equ i I i b. phase 

RF pulse duration p e c  

ions focused by 

Multipactoring overcome by 

Beam Character i s ti cs 

Part ic le accelerated protons 

Energy 1 0  Mev 

Energy spread 

Output, ave PQ 

Beam pulse -- psec 

Beam d i ameter 

Mechanical Detai Is 

Tank length 

Tank diameter 

Dr i f t  tubes, number - 

Length 1st tube 

Dia. 1st tube 

Length 1st gap 

Length last  tube 

Dia. last tube 

Length last gap 

over, please 
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Part ic le 

X- l070A 

Current Energy Energy Spread 

L 

A C T U A L  PERFORMANCE D A T A  

Unusual Features of  Instal lat ion 

Published Art ic les Describing Machine 

4 
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x-1070 
(Rev.  9-58) L I N E A R  A C C E L E R A T O R  R A T A  SHEET 

data not verified 
Name of machine - _-- I__.- 

Inst i tut ion 'tr"krania~. T ecbnica 3._Pnstitcte - 

Address Kharkov, USSR - -I 

Person in charge Fainberig ~ - - - -  

a a t e __._ ----- Person supplying data [various sources) 

Present Fields of Research History and Status --- --- 74 of Time 

Design study -- 

Model tests -- 

Engineering desi gn 

Construct ion started -- 
Completion date 1 9 5 0  

Scheduled operation hr s/wk 

Total cost 

Des i gn Spec i f i cat ion s 

Injector Sy s tem 

TY Pe 

Energy 

output 

Van de Graaf f  

1700 kev 

- ma 

RF System 

Frequency 

F ie ld  mode 

RF power 

Power units 

Equilib. phase 

RF pulse duration 

Ions focused by 

Mc/sec 

k w  

250 psec 

Multipactoring overcome by 

Beam Characteristics 

Part ic le accelerated 

Energy 

Energy spread 

Output, ave 

Beam pulse 

Beam diameter 

Mechanical Detai ls 

Tank length 

II an k diameter 

Dr i f t  tubes, number 

Length 1st tube 

Dia. 1st tube 

Length 1st gap 

Length last  tube 

Dia. last tube 

Length last gap 

-I- 

over ,  please 



X-l070A 

Particle 

- 284- 

A C T U A L  P E R F O R M A N C E  D A T A  

Current Energy Energy Spread 

Unusual Features of Installation 

.Published Articles Describing Machine 
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X-1070 
(Rev. 9-58) L I N E A R  A C C E L E R A T O R  D A T A  SHEET,, 

-9% data not: verified 
Name of machine (Iniector fo r  7-Gev Sv-ichrophasotron) . 

--~- Institution The rmot  e chnic a1 Ins tikite --- 

Address Moscow, USSR --- 

Person in charge 

Person supplying data (various s our c e s ) Date 

Present Fields of  Research 

In i ector Sy s tem 

TY Pe 

Energy 

output 

History arid Status 
--_I- 

% of Time 

Design study - 1- 

Model tests 

En gi neer ing des i gn 

Construction started 1957 

Completion date 

Scheduled operation -- hr s i w k  

Total cost 

Des i an Spec i f icat  ion s 

kev 

ma 

RF System 

Frequency Mc/sec 

F ie id  mode 

RF power kw 

Power units 

Equ i I i b. phase 

RF pulse duration psec 

Ions focused by 

Mu I ti pactor i n g overcome by 

Beam Character i st i  cs 

Part i  c I e acce I erated pro  tons 

Energy 20 Mev 

Energy spread 

Output, ave 

Beam pulse 

Beam diameter 

Mechanical Detai Is 

Tank length 

Tank diameter 

Dr i f t  tubes, number 

Length 1st tube 

Dia. 1st  tube -- 

Length 1st gap 

Length last  tube 

Dia. last  tube 

Length last  gap --- 

over, piease 



X-1070A 

Particle 

-286- 

A C T U A L  P E R F O R M A N C E  DATA 

Current Energy Energy Spread 

-- 

- 

Unusual Features of  Installation 

a 

PubIished Articles Describing Machine 



X-1070 
L I N E A R  A C C E L E R A T O R  Q A T A  SHE T ( R e v .  9-58) 

data not verifi.ed. 

Name of  machine 

- - - - ~ -  Institution Moscow --- 

Add re ss Moscow, USSR - - - ~  

--__-- Ku r B=, h at ov Person in charge 

Person supplying data (various sources) Date 

Present Fields of Research 

Ini ector Sys tem 

TY Pe 
e 

* 

Energy 

output 

RF System 

Frequency 

F ie id  mode 

RF power 

Power units 

Equ i I i b. phase 

RF pulse duration 

ions focused by 

% of Time -- History and Status 

Design study 

Model tests 

Engineering design 

Construction started 

Completion date befare l q 5 7  

Scheduled operation hrs/wk 

Total cost 

Design Specifications 

Beam Characteristics 

Par ti c l e  accelerated plrOtQnS 

Energy 48 MeV 

Energy spread 

kev 

ma 

Output, ave Pa 

Beam pulse /.LSi?C 

Mc/sec Beam d i ameter 

Mechanical Detai ls 

kw Tank length 

Tank diameter 

Dr i f t  tubes, number - 
p e c  Length 1st tube 

Dia. 1st tube 

Multipactoring overcome by Length 1st gap 

Length last tube 

Dia. last tube 

Length (ast gap 

aver, please 



X-1 O7OA 

Particle Current Energy 

- 288- 

A C T U A L  P E R F O R M A N C E  D A T A  

Energy Spread 

J 

Unusual Features of installation 

Published Articles Describina Machine 
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X - I  070 
(Rev.  9-58) L I N E A R  A C C E L E R A T O R  D A T A  S H E E T  ** data n ~ t  verifj-ed 
Name o f  machine 50-Mev Proton Linac 

lnst i  tution Rutherford High Energy Laboratory, NIRNS 

Address Harwell, Berkshire ,  EngI.and ~ - . -  

~ - l _ _ _ _ l _ _ l _ _ _ _ _  Person in charge D r .  Godrey Stafford 

Person supplying data (various sources)  Date --- 

Present Fields of  Research % of Time History and Status 

Design study 

Model tests 

Engineering design 

-- 

Construct ion started 1 957 -- 

Completion date I-- 
Scheduled operation hr s/wk 

Total cost 

Ini ector System 

TY Pe 

Energy 

output 

RF System 

Frequency 

F ie ld  mode 

RF power 

Power units 

Equ i I i b. phase 

RF pulse ddration 

Ions focused by 

Des i qn Spec i f i cat ions 

C oc kc rof t  - W a l t  on 

500 kev 

ma 

Mc/sec 2 0 2 . 5  

4000 k w  

400 psec 

grids t quad. lenses 

Beam Character i s t i cs 

Part  i c I e acce I era ted Protons 
Energy 50 Mev 

Energy spread 

Output, ave Pa 

Beam pulse rate 50/sec Fs 

Beam d i ameter 

Mechanical Detai I s  

Tank bB#b 

Tank diameter 

Dr i f t  tubes, number 

Length 1st tube 

Dia, 1st tube 

3 tanks; 10,20, and 20 Mev 

Multipactoring overcome by Length 1st gap 

Length last  tube 

Dia. last  tube 

Length last  gap 

over, piease 



X-1070A 

-- 

Particle 

ACTUAL PERFORMANCE D A T A  

-- 

Currea t Energy Energy Spread 
I 

-- 

-.___I 

_I.__L 

---I- 

-- 

Unusual Features of Installation 

Pub1 ished Articles Describing Machine 
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X-1070 
(Rev.  9-58)  

-2SjF8- 

L I N E A R  A C C E L E R A T O R  D A T A  SHEET 

Add res s &ern. on, t, Hlglhnoi s 

May 1 9 5 8  Person supplying data J e  J o  Livingood Date --_--- 

Present Fields of Research % of Time History and Status 

Design study $at BNL)  

Model tests July 195s ---- 
Engineering design Summer 1.958 

Construct ion started ---- 
Completion date Janu.a*ry 1.96 1 

Scheduled operation hr s lwk  

Total cost - 

Des i gn Spec i f i ca t ions 

Ini ector Sy s tem 

TY Pe 

Energy 

output 

G QC kc F oft -I W aPt on 

750 kev 

50 ma 

RF System 

Frequency 200 I Mc/sec 

F ie ld  mode T M  010 

RF power 2580 kw 

Power units - 

Equ i 1 i b. phase 

RF pulse duration 500 p e c  

ions focused by d-c CIickadruPoles 

Multipactoring overcome by rFf rise 

-2670 (from peak) 

Beam Character i s t i cs 

Part ic le accelerated protons 

Energy 50 MeV - 
Energy spread * 75 kW? 

5000 Output, ave 

Beam pulse psec 
2.5Q 

Beam diameter 1 i.32- "-I_-___- 

Mechanical Detai ls 

I 

310 it 

39 k, 

Tank length 

Tank diameter 

over, please 
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X-1 O70A A C T U A L  PERFORMANCE D A T A  

Unusual Features of Instal lation 

Published Articles Describing Machine 



X-1070 
(Rev. 9-58) L I N E A R  A C C E L E R A T O R  D A T A  SHEET 

Name of machine ErookhaTren A S S  Injector 

Address Upton, Long Island, New York - 

Person in charge J&n P ~ i3 3e-vett 

Person supplying data John P ,  B le~e t ’ r ;  . Date May 1958 

% of Time History and Status Present Fields of Research 

CO17,StruCtion XlOL cari-lpleted Design study --- 

Model tests 

Engineering desi gn 

Con s truct i on started ve s 

Completion date 1959 

Total cost /J $2,000, ooe  
Scheduled operotion to be 2o - h r d w k  

Des i qn Spec i f i cat ions 

Injector Sys tem 

TY Pe 

Energy 

output 

RF System 

Frequency 

F ie ld  mode 

R F  power 

Power units 

Equ i I i b. phase 

RF pulse duration 

Ions focused by 

cascade transf-s rmer  

750 kev 

Beam Character i st i  cs 

Part ic le accelerated prDt9nS 

- Energy 53 M-:eX. 

Energy spread 4-0‘ 54’0 

Output, ave 2 10CL pa 

Beam pulse . .  i ,  psec 

-5 Beam d i ameter 

Mechanical Detai Is  

---- Tank length 110 f t  

3 Pi 

124 
Tank diameter 

Drift tubes, numbet - 
I__ 

Length 1st tube 

Oia. 1st tube 8 i n ,  

l *  938 in ,  

Muttipactoring overcome by drift. tube shape Length I s tgap  8 ,  54-6 in  

Length last tube 1 3 - 9 6 1  in ,  

-- Dia. last tube 6 in 

Length last  gap 4,  G 3 ’7 i .I I 

over, please 



X- lO7OA 

- 294- 

A C T U A L  PERFORMANCE D A T A  

Unusual Features of Instal lation 

Published Articles Describina Machine 

J. F. Blewett. "Linear Accelerator rs;i r?ctr>rs for Prom S I D  
' 

CERN Symposium, Vol. 1 150 Q 1956). 
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X-1070 
L I N E A R  A C C E L E R A T O R  D A T A  S H E E P  (Rev.  9-58)  

- Name of machine 

Institution 

B e ~ r ; , t ~ ~ n  1 0  Mev I n j e ~ f o r  

I____ 
--_ Add res s &Xrkea.e). 4,  CaXiY3rnia 

Person in charge --ll"l.~_l 

B YGk- e c, 0rl.c" gate M a y  1958 -- Person supplying datu 

History and Status 
I 

Present Fields of  Research % of Time 

- l r ?ec .%ss  I c r  -i3e\aZe"r,rors 100  Design study 1950 
Model tests a950 

1951 
Engineering design --̂ _____ 

Construction started 3 9 5 2  

Completion date 

- - 

- 
Iyo>,-e Li?;;?c 2- 1 3 5 -5 

Scheduled operation 166) hrs lwk 

Total cost $400,, oc10 

Injector System 

TY Pe 

Energy 

output 

RF System 

Frequency 

F ie ld  mode 

RF power 

Power units 

Equ i I ib. phase 

Des i gn Spec i f ication s 

Beam Character i st i  cs 

RF pulse duration '0' psec Length 1st tube 3 5 XP- 

Multipactoring overcome by Length 1st gap 1 J 2 h.s 

5, 5 i n ,  
*-- 

ions focused by 2 rir' Dia. 1st tube 

--I__ 

Length last  tube 4 , :+ -; ir; " 

3 , s  yc - Dia. last tube 
. E  

Length last gap I "  d 7 - 1 ,  

over, please 



X-107014 

- 2 9 5 -  

A C T U A L  P E R F O R M A N C E  D A T A  

Energy Spread 

Unusual Features of  installation 

High reliability and ease of maintenance for  Bonp: periods. Can be 

developed to give higher currents ., 

Published Articles Describing Machine 

Bruce Cork, "Proton Linear Accelerator fo r  the Bevatron," Rev. Sci .  Instx.. 

26, 210 (February 1?55), 



X-1070 
(Rev.  9-58)  

- 297- 

L I N E A R  A C C E L E R A T O R  D A T A  SHEET 

c 

Name of machine 32-MeV Linac 

Present Fields of Research 74 of Time History and Status 

Design study , 194s 
Model tests 1,945 - 

Engineering design -I II 

Reconst ruc t ion  started JUBV ]I 958 _I__._ 

Completion date er I - S L -  

Scheduled operation hr s/wk 

Total cost oP%gi.nd,  af BeYkele. 
C J $ 2 , O O O ,  000 4" reins;a::&aGn 

Des i gn Spec i f i cat ion s c o s t  $500,000 

Ini ector Sy s tem Beam Characteristics 

Part ic le accelerated Proton.? - Van de Graa f f  TY Pe 

Energy 4 MeV Energy 3 E 0 5 MeV 

output 1 .5  ma Energy spread e s t  (1% 

Output, ave, a i  d t; -p.p-.; 0 .2  P 

RF System Beam pulse $00 p e c  

Beam d i arneter a div eTge3r..g:e Frequency 202,. 55  Mc/sec 

F ie ld  mode TM 080 Mechanical Detai 1 s 
a u-3 2?iasa:',a.w_.j 

RF power at 1 5  pns 2o kw Tank length inside 48, 5 f t  

Power units 1 0  Tank diameter in  side $8 inn 

Equ i I i b. phase - 3 6  deg Dr i f t  tubes, number 46 

RF pulse duration '00 psec Length 1st tube 4,373 i n .  

Ions focused by gr id  8 Dia. 1st tube 4. 75Q ir?? 

Mu I tipactor in g overcome by P r e  - e x c i t e r s  Length 1st gap 1.200 in. 
10.933 in, 

2 ,  7-60 k.?. 

3 , 4 2 6  in. 

coupled at high-energv end of cavity Length lost  tube 

Dia. last tube 

Length last  gap - -- 

over,. please 



X-1 W O A  
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ACTUAL PERFORMANCE D A T A  

Unusual Features of Instal lation 

Lss A n ~ e l e s ,  

Published Articles Describing Machine 



X-1070 
(Rev. 9-58) 
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L I N E A R  A C C E L E R A T O R  D A T A  SHEET 

Present Fields of  Research History and Status __ % of Time 

Design study - $950 - 

Model tests 1950- 5 I -- 
100  -- Engineering design 1950-51 

_I___- 

Construct ion started 
10 Mexi. - e a r l , ~  1954 

Completion date 68 Mc-~v c= l a t e  1955 , 

Scheduled operation 96 hrs/wk 

Total cost 

! 9 5 1. -- 

- - _ ~  $1“  2 5  x J Oh 

Des i qn Speci fications 

I n i e c tor Sy s tern 

TY Pe 

Energy 

output 

500 kev 

peak 3 ma 

RF System 

Frequency 

Fie ld  mode 

RF power 

Power units 

Equ i I i b. phase 

RF pulse duration 

Ions focused by 

70 deg 

3 0 8  psec 

gr ids  

MuItipactoring overcome by fasf: r - f  buil.d.u.g 

Beam Character i st i  cs 

Part ic le  accelerated protons 

Energy 9 , 9 9 ;  3 9 . 9 5 ;  68  

* O .  03; 0, 20; 0 ,  h0 *h%sv -_ Energy spread 

Output, ave 0 .  26 0, 04; 8, 82 - pa 

Beam pulse psec 

Beam d i ame ter 

Mechanical Detai ls 

0 ,  5; 1 . 0 :  1 ) .  J C P n  

Tank length 18: 40; 451 ft 

55; 6 0 :  52 i n 4  Tank diameter 

Dr i f t  tubes, number 4 2 :  38:  2 5  

Length 1st tube L45; 4 ,  2 9 ;  1 2 ,  

Dia. 1st tube 5- 52; h 57; 5, g - 4  j r U s  

Length 1st gap 0 ,38;  2, ‘d 2,4* 1 4  :na 

Length last tube 6 .  29 ,  1 2 ,  f5: 1 5  ’9 ; D ,  

Dia. last tube z 4 2 ;  2, 54; ? 90 1 n 0  

2 . 3 0 : 4 .  os, 5, $24 In@ Length last gap 

over, please  



X- l070A 

0 3 Q 0 <> 

A C T U A L  P E R F O R M A N C E  D A T A  

Part ic le  Current Energy Energy Spread 

I 

___I. 

--- 

Unusual Features of Instal lat ion 

Published Art ic les Describing Machine 



HEAVY -ION LINEAR ACCELERATORS 

USSR - -  

United Kingdom 90-ft 

United States 

** > 100vMev built 

7 100-Mev constr .  

303 

305 

UCRL 105-ft 
Yale 105vft 

> 1 00-Mev built 

> 1 00-Mev built 
307 

309 

See page 2 for key to tables 

c 
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X·1070 
(Rev. 9·58) 

Nome of machine 

LINEAR ACCELERATOR DATA SHEET** 
data not verified 

.. 

• 

Institution Ukranian Technical Institute 

Address Kha.rkov ,' USSR 

Person in charge 

Person supplying data (various sources) Dote 

Present Fields of Research % of Time History and Status 

Design study 

Model tests 

Engineering design 

Con s truct ion started 

Completion dote before 1957 

Schedu led operation 

Total cost 

Design Specifications 

-

hr s /wk 

Injector System Beam Characteristics 

Type Particle accelerated heavy ions 
v 

Energy kev Energy 9 Mev/nucleon 

Output ma Energy spread 

Output, ave /la 

RF System Beam pulse /lsec 

Frequency 150 Me/sec Beam diameter 

Field mode Meehan i co I Detai Is 

RF power kw Tonk length 

Power units Tonk diameter 

Equilib. phase Drift tubes, number 

RF pulse duration /lsec Length 1st tube 

~ Ions focused by Dio, 1st tube 

Multipactoring overcome by Length 1s t gap 

Length last tube 

• Di o, last tube 

Length last gap 

over, pleo se 



X-107014 

.=3Qf&- 

A C T U A L  P E R F O R M A N C E  D A T A  

I I 

Partic le  1 Current I Energy 1 Energy Spread 

Unusual Features of Installation 

Published Articles Describing Machine 

t 
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X-1070 
(Rev.  9-58) L I N E A R  A C C E L E R A T O R  D A T A  SHEET 

a 

Heavy Horn Linear Accelerator (First Section) * 
Name o f  mach ine 

Ins t i tu t ion Physic P Departnlent, University of Manchester 

Address O d o r d  Road, Manchester 13,  England _ I I _ _ _ ~ .  

Person in charge Professor  S ,  Devons 

Present Fields of Research % of Time History and Status 

Design study 1957 -- 

Model tests 1957 

Engineering design 1957 

Construction started December 195% 

Completion date Spring 1959  

Scheduled operation hr s/'wk 

Total cost 

Des i qn Speci f ications 
~ ~ 

Injector Sy s tern Beam Characteristics 

TY Pe 

Energy 200 kv Energy - 1 Mev/rmcC,keon 

output L > 5  ma Energy spread 

Pa 

RF System Beam pulse ---- psec 

pulsed,dependent on ion Output, ave 
selected 

--- Frequency 25 Mc/sec Beam d i ame ter 

F ie ld  mode Sloan and Lawrence Mechanical Detai I s  

RF power 500 kw Tank length 25 ft  

Equ i I i b. phase 30 deg Dri f t  tubes, number 40 

Power units conventional. Tank diameter U-Shaned, 3x3 -ft 

RF pulse duration 500 - 3 , 0 0 0  p e c  Length 1st tube 1 , l  in ,  

Ions focused by gr ids  Dia. 1st tube 3 in, 

Multipactoring overcome by Length 1st gap 0.. 6 in. I 

.__ 
Length last  tube 6,4 in, 

Dia. last tube 4,5 in ,  

Length last  gap 5 , 5  i n -  
* Turn page for second section 



X-1070 
(Rev.  9-58) 

e r  ,j ;L - 
.d 

L I N E A R  A C C E L E R A T O R  D A T A  SHEET 

Name o f  machine He avv 1 LL r { S ex Q n , a % ~  r: ti. 3 c 1 .-- 

4 
Des i gn Spec i f icat ions 

In i ec tor Sy stem 

TY Pe 

Energy 

output 

RF System 

Frequency 

F ie id  mode 

RF power 

Power units 

Equ i I i b. phase 

RF pulse duration 

Ions focused by 

(firs., section) 
kev 

ma 

3 ,  QCBL k W  

Beam Characteristics 

Particle accelerated hea,Ti:{ iaEs e [m 2 c; . j d  
% 

Energy 

Energy spread 

Output, ave -- r-'tJ 

about 9- 1 0  ~ e v  /x!u,s 

Beam pulse 2 ,OUQ tis et 

Beam d i ameter ~- 

Mechanical Detai Is 

Tank length 

Tank diameter - ? fs; 

tan-:, e L L h  d 4 5  f ,  -- 

Dr i f t  tubes, number N 7 5  __-I 

Length 1st tube -- 
Dia. 1st tube 

-- Length 1st gap 

Length last tube 

Dia. last tube 

Length last gap 

Mul tipactwing overcome by 

4 

t 



X-1070 
(Rev.  9-58) 

-307- 

L I N E A R  A C C E L E R A T O R  D A T A  SHEET 

BexkeZey 4, Ca.!ifssnia Address I 

G o  M,, Van A?ta Person in charge 

Present Fields of Research % of Time History and Status 

PPQdUGtican of a e w '  ki.eayv Design study 1954 

Coukcmb ex& tatkm 18 Engineering desi gn 1954-56 

0 t h  r ELS: J,ea%. physic 8 12  Completion date A p r i l  195? 

elements 3 9  Model tests 

-- Other nuclear ckxmistrv 22 Construction started A p  

Medical pkysie s Scheduled operation '72 hrs/wk 

Total cost $1,700,000 - 

Ini ector System 

TY Pe 

Energy 

output 2ve 

RF System 

Frequency 

F ie ld  mode 

RF power, pk 

Power units 

Des i gn Spec i f i cat ions 

Beam Character i st i  cs 

C N O N e  Cockcmft- WaItsra. Part ic le accelerated 

$ 2 0  140 a60 208 MeV - 500 max kv Energy 

0.006 ma Energy spread 2 70 

Pa Output, ave 0. 2 

Beam pulse 2800 psec 

70 Mc/sec Beam d i arneter El2 

pre p G 9 t  
TA4 O B 0  Mechanical Detai Is 

3 0 0 0  k w  Tank length 65 so ft 
4 Tank diameter E 24 B 08 in. __ 

Equiiib. phase pa~e-20 deg: Post--26 deg Dr i f t  tubes, number 87 $7 

RF pulse duration 3000 psec Length 1st tube 1 - 6 7  5Ly9 in- 

Ions focused by pre-ggidsi pQSt-3-g mag Dia. 1st tube 9.96  
Multipactoring overcome by Length 1st gap 0.53 B, 9-3 

Length last  tube 5. 59 9 h , 4 ?  "E, 

Dia. last tube 8.88 9%8 

Length last gap 1.9% 8 2 6  il?" 

19.8 Br, - 

over, please 
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Particle 

- 3 p L  

A C T U A L  P E R F O R M A N C E  D A T A  

Current Energy Energy Spread 
___-- - 

-PI-- 

- ----- 

- 

-- 

Unusual Features of  Instal lation 

- side is called the pos&-stri.ppfr. Tb+r a-.e des igna ted  pre a m i  past, 

Published Articles Describinq Machine 
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Name o f  machine Hcavv I 012 A c c e  k Y & t C p r  --- 

Y a l e  Unl*J.ers%&y Institution 

Address 

Person in charge Prof ,  I%obert E$rErjr'. 7 3'rge - r" 

Person supplying data Prof, Robert  Berisger  ate 1958 

!New Haven, Connecticut 
-----.---- --_I____ - 

-l..---ll-l-.-̂ -__m.____l- 

History and Status --- Present Fields of Research % of Time 

I. '3 54 - -5 5 

1954-55 

1954-55 

September 1 9 55 

Design study ------Y---- 

Model tests 
Nuclear reactions 90 

Nu c Be sa r c he mi s t r y  18 
Engineering design - ----_ 
Construction started 

Completion date March 1958 -_  ̂

Scheduled operation 40 hr s/wR 

-_II- 

Total cost $1,6000, UOQ 

Ini ec tor Sys tem 

TY Pe 

Energy 

output 

~ 

R F System 

Frequency 

F ie ld  mode 

RF power 

Power units 

Equilib. phase 

RF pulse duration 

Ions focused by 

Design Speci f ications 

Beam Characteristics 

CockPoit- Walton Part ic le accelerated He A __I 

1 0  Mev./11uc 

un  h c wn 

c 0 , l  

kev Energy __--- 
Up to  600 

-- Energy spread 

* Pa Output, ave 

Beam pulse 2806, p e c  

ma (pulsed) 1 

e ao Mc/sec B e a m  diameter 

TM 010 Mechanical Detai Is 

a O Q O  kw Tank length 15 and go f t  

four, R,CA 2332 Tank diameter lli, and 10 ft 

unk;_.Bown Dr i f t  tubes, number 36 2nd 67 

3 0 0 0  psec Length 1st tube N P  in, 

I- 

-10 iE* - grids and quadrupoles Dia, 1 s t b b e  

Multipactoring overcome by Length 1st gap -518 ino 

Length last  tube -2 ft and tears 

Bia. fast tube &O in, 

Length last gap N 8  in,  

aver, please 
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Energy Spread 

Unusuol Features of Installation 

c 
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