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Toblc | ~ PROTOM SY:CHROTREHS

(E21GeV)
. Magaet -
Petfotmunce — (Goals) Injector Qutput ~ ) Rin Weight ._“ System —_—
Status Eneryy Encrgy Cunicat -F-I_ﬂd - Puwer . — ~ Fe Cu RF Ronge Gai Power
. Pulse'sec (102 p sec) Index AtInj At Max Max Dia. ___Apertute Hutmonic . 2 Max
GeV MV A " ke S "
(GeV) (leV) (md) © G . O o) b wiem (ktons)  (tons) OlHz)  keVim g
CERN
1. Geneva 1959 in use 28 1/3 1 50 135 238 147 14 32 200 7 14.6 3 130 (A1) 20 2.9.9.,55 54 75
2. (Genceva) Study (1977) (300) 13 (10) 8,000 200 4770 355 12 180 24k 6 10 25 2100 4500 182-183 9,500 7200
France .
3. Saclay 1938 in usc 3 1/3 0.1 36 H 0.6 326 14.9 p] 22 10.5 36 1.1 55 2 0.76-8.4% 1.16 4
4. (Suclay) Study (1973) (45) 3/4 Q) 100 48 162 121 12.6 364 82 126 49 336 156 17-40 440 480
Getmony . N
§  Rarlsrahe Study (1972) (40) 11 [¢}] 2,000 642 930 13.6 31 300 4 8 24 272 96 6-30 420 200
Jopen . ' .
6. (Tokyo} Design (1973)  (42) 172 (¢)) 125 100 407 139 12° 40 400 73 16 4.4 340 36 4..85 21 240
USSR L
7. Dubnas 1957 in ose 10 1/10 0.012 9 < 150 13 140 72 36 2700
8. Moscow* 1967 in usc 1 122 0.01 1 1 191 250 9 17 1.6 2 0.016 2 S 1.25-28 2 10
9. Moscow* 1961 in use 7 176 0.0s 4 10 (AG) 90 9.5 25 80 8 11 27 7 0.67-8.3 4.4 500
10. Qloscow)* Study (19 ) (1000) 173 B0 18,000 0.006 -« 7000 300 16 350 - S5.4xm 4 6.6 20 6500 6800 ~120 55,000 34 aw
11. Serpukov* Con. (1908) (70) 18 ©.1) 100 50 442 76 12 100 472 1.3 17 20 700 (A1) 30 2.6~6.1 380
UK -
12, Birminghan 19533 in use . 1 1/4 0.0025 0.46 1 0.68 210 12.5 7 10 10 33 0.8 9 1 0.22-9.26 0.2 10
13. Rutherford 1963 in use 7 143 0.6 15 45 06 299 14 160 54 20 100 0.7 250 4 1.4-8 $.5 45
usA . ’
14. Argoan~ 1963 in use 12.7 i 1 S0 390 0 482 21.5 110 55 13 81 4.7 68 8 4.4-14 10 60
15. Brookhaven 1952 ret. 3 15 05 . kX 20 07 2935 13.8 26 23 16 €5 1.65 70 1 0.33-4.18 1 50
16. Brookhaven 1960 1n use 33 1/72.5 1 51 40 357 121 13 30 257 6.3 133 4 400 12 1.4-4.36 100 300
17. (Brookhavea)  Study (1980)  (1000) 1/ (10) 25,000 0.002 (AG) 1500 60 1.5km 5 | - 30,000
18. Lawrence 1953 in use 6.2 1’5 1 19 25 0.67 417 155 121 19.3 25 12 -9.7 347 1 '0.3-2.3 15 100
! . 36 -
19. Laweence Desiga (1972) [ 1)) §0,'l (13) 3 10 28 l:'»ﬁ] 10 1 32 4 10 08 82 8-100 1.6-32 800
20. NAL, Weston  Design (1972) (200-500) 1°4 (15) 10,000 0.048 (AG) 495 9228 65 2kn s 12.5 9000 900 1000 ~52 3,460 2 MW
21, Pun-Pezn 1963 in use 3 18.5/1 04 3 3 0.6 k") 14 25 6 18 . 04 15 8 2.5-30 61 30
. F. T. Howard

*Data from various soutces, not venfi-d.
**Also 650-MeV deuterons.
***Supurconducting magnet.

ORNL-AIC, Supt. 1967




Tuble Il - ELECTRON SYNCHROTRONS

E 21 Gev
Perf Goal! I O . - Hognet RF Syst
¢ > .
ormance (Goals) njector Output Field o Ring Weight ystem —
Status  Energy  Pulses/ 10'?e¢/ Enetgy Cument - Fower - (tons) *RF Gain

(GeV) sec see (Mev) (mA) Index Atlnj At Max Mean Dia Aperture 11 “(MHz)  (keV/tum) Max

n G) &G) (MW) (m) hxw(ecm) Fe Cu (kW)

Germany ) . o .

1. Bomn 1967 in use 23 50 2 25 250 23 100 10 0.55 222 4«9 133 174 116 500 330 80

2. Hamburg 1964 in use 6.25 50 ' 25 40 120 ~70 42 6.3 11 50.4 7x12 s70 77 528 500 1,000 350
Itoly )

3. Frascati 1959 in use’ 11 J20 0.01 - 25 50 0.61 27 10.2 0.15 874 57x192 100 10 4 4238 4 16.5
Jopan . .

4. Tokyo 1961 in use 1.3 22 08 9 100 14.8 80 11 0.4 10 3.5x11 s3 7.9 16 138 10 20
Sweden .

5. Lund 1560 in use 1.2 12.5 0.025 6.45 40 10.6 69 11 0.2 108 32x7 24 1.2 45 399 60 16
USSR N .

6. Yercvan* 1967 tests ) S0 ) S0 200 115 66 7.92 1.6 pk 70 45x%x12 400 - 25 96 133 727 400

7. Tomsk 1%64 in use 13 1 0.02 5.5 S0- 0.58 43 12 0.4 | 10.7 8.4x23 120 3 4 36.5 1.5 120
UK . : .

8. Datesbury 1966 in use S S3 6 40 500 ~47 64 8 0.95 0.2 6.7x11 360 40.3 300 408 2350 480
USA ’ :

9. Cambridge 1962 in use 6.28 60 6 - 30 50 91 38 7.6 1 75 Ix14° 300 36.6 350 476 6,000 400
10. Cal Tech 1952 in use 1.5 2 0.08 10 500 0.6 90 133 0.25 9.6 6x18 155 18 4 40.2 0.7 250
11. Cornell 1964 in use 2.1 30 0.9 10 50 26 55 10 0.25 32 2.8x6.4 60 2.7 75 433 35 20
12. Comell 1967 test (10) 60 (6) 150 100 432 50 33 0.77 270 25x5.5 200 26 1800 713 10,000 425

*Data from various sources, not verified. F. T. Howged

ORNL-AIC, Sept. 1967



Toble It - STORAGE RINGS!

5 Petformunce (Gouls)
t
Desi Ring Configutation Magne! i RF System — Ring Carrent 0 N —_
ieles esign e . rinosity
Scutus Particles Ener:y Ri Dia. Aperture Beam n  Radius n:a " RF Has- ;:: \ TTA (c;_'r ; ':::? )
1085 (m) hrw(em) »ings @) ®G) OMHz) monic gy feuen) (tors) (Amperes) o0
CERN .
1. Geneva, CESAR 1963 in use e 2 MeV 1 7.6 4x10 0 SF* 0.6 24 2 10-t° 10s
2. Geneva, ISR Coa. (1972) P.p 28 GeV 2con. 300 5x15 8 250 79 12 9.5 30 20 10-% (0 x20) (12h) ¢ ~-10%)
3. Geneva, MSR 1965 in use ' 1.3GevV/e 1 5 4x6 40 ;= /pulse
FRANCE
4. Orsay, ACO 1966 in usc e, et 500MeV 1 7 6.5x15 1 SF 111 135 2 . 2 30 10-°  (0.055>0.05) 1h (10%%)
S. Saclay study e 45 MoV 100 ] 0.2 1 ‘
GERMANY .
6. Hamburg proposed e e’ 3 Gev 2 S0 25x10 SF 9 500 a-1) (5~ 10°%)
ITALY
7. Frascati/Orsay, AdA 1901 reticed e, et 250 MeV 1 1.5 1 0.55 0.58 147 2 10-'°  0.001 - 0.001
8. Frascati, Adone. Con. (1967) e, et 1.5 GeV 1 17 8x22 6 SF 5 10 8.6 3 200 10~-° (0.1 - 0.1) . @3 ».10%°)
USSR
9. Kharkov 1963 in use c,e 100 MeV 2tan. 2 4x10 1 0.27 0.5 10 52 1 1 10-° 2m
10. Novosibirsk, VEP-1 1963 in use e e 130 MeV 2ten. " 1 3x4 1 0.62 0.43 10 2 10-* 0.04 » 0.04 4 210%7
11. Novosibizsk, VEPP-2 1966 ir use e, et 700 McV 1 35 " 8xMl4 1 0.6 1.5 15 25 1 10-° 2 » 0,02 107 -
12. Novosibirsk Con. (1970) [p. p J 25 GeV] 1+1 1S 45 10 % 0.01) ao0’"
e.et] 16Gev 21 75 (0.25 x 0.25)
13. Novosibirsk, VEPP-3 Con. ee’ 3.5 GeV 1 ~24 3x7 2 AG 8 72.5 18 10-° (0.1 x 0.1) 1h
. . -
usa
14. Combridge™* 1966 tests e 3Gev 1 75 3x14 1 91 _ 7.6 476 360 . 10-7 1,01  6am (103
15. MURA 1967 in ‘use e,et  200Mev 1 3 5x10 1 SF 061 123 32 1 ] 107'°  (0.1x0.)) 2m
16. Princeton. Stanford 1961 in use e,e S00 MeV 2wn. 4 6x25 1 SF 1.4 12 25 0.1>0.1 10
17. Stanford Con. ec’ 3 GeV 1 68 10 38 2 SF 7.8 50 36 a1y (10*%)
*SF = Separated function (AG) magnet assembly. Note: These data weee gleaned from the literature F. T. Howard

**(Accel. and Storage in CEA; reactions in bypass).

and have not yet beon verified,

e e

ORNL-AIC, Sept. 1967




EY

7. inBREOME

vy AOFHCL B AZMIK, B ir¥—InE
BoBR - BAE—RIcLD XS5 Thior, DL
BBz LiICTB. '

1GeV. 292wl 2L LONEBFERET 3
i, 5~6ErIZORYHETCHS. BHELHBEKL
ZREic R, 2oHEBEAVIRRBRCOVWTTES S
¥y oot - NLEHEEE h, HRE A & 24T
B3P0THIN, BRBOEEBLETFEOLEY ol
Bz A ERn. 2hidhBEEELboRBOY\CR
EFfin . EBRENOSEERD X D ICIHL, FAHL
WERORECHBEOMBEADHBED T, EOAD
K5~ 6 ERDOHRROKBE T LR R FlHEL LW
5z ¢ BEAERAEADOTHS. Dhbhlt, KK
kb33 toREEE EMoBL I EROIENL L
T, ULAEoTWnZ e ELBLTNWS.

COYRR, HR—% &% 5B A ¥ —IEB L
5L ¥ IcHFRIcCHEDbNS. B AL THEIES
{HIAENT, MEROTAILX—% Y5 BETI2%
LOBFTHES. REFHEAGOEWMIL VLM,
ZAAF—BEVEY InICEE TN, RIREERR
Forvrabueviihii,1,00GeV Ho b0 ¥cl
EOHMNCRETIREL C L Hbh o T3, 22 C, &+
GeV ¢ 1,000GeV »7 b off©, HMICHRE LAt
BRQOLCORDOP 5L L RHALA TN, HEHs
DXAINE—LFRRMBAE D L ICBOAE XSS 5.
40LT 3, SLOBACHHIDLTF, FHMKCED
IO RBBIIALF— R nnDHTECLRCEAW. L
PbTAALK—OKE XK, NERYEDELTRMR
ORACHENNTL 3 (ke aEBEI—a 520 30GeV
AR 50085 3). 2 £ 0, F§xir¥—BHETER
BiebR b FBcEHTChEALN. 4
bbb, BHROVEFELHELIICTE DO/ ¥
~~OERE, BALLATCI LY~ pEianb0h
Babhwnilfe OfMic RS AT L ¢d 3.

i ¥—itER, RRCHEHRORALET A
»ic, BORPBEEO LI CRICHRN T EHRO—D
3. BEEESEEbE, 2HEfio2R6F, co
X5 AE~VERL AT WA bR TheERIC, 5
Bo®x 2 ¥~ L Mk - MER Y EEL K
Ao ThoDHEAZRANCRNLT, Z0EOA
B9« THRWAES % $ & Ic, MO ¥ 4 X EDTH=
AaA¥—prifikREBTEE ST LICARD. :

HY) 7 r =T KED<,} v v (6GeV BFMER,
1954452, 1963 ART) TR, RBFH2{hdtwn
SHERBAfOb e i ¥—% B, CORKkKT

R/, mRAF-RERGANICLELIoR. CERNS

BNL © 30GeV o b0k, & LTRHENEREb
ZEAALF—HREDLN. DHEED MBI OImEEsET

b, BAETAAROLYUEY XS BLhE RS E .

TR T E THh o DRAR A ICERT 3 HhCDON
ThEMERIDHHPHr-55. CERN £ BNL o &
v7u o rREIPOEL Wi KE, BEOHEROME
o BRI S KL ik CH- T,
REOYSARERNERETILBTRE I LA »o
fo. 1953EICBBAEL DVOARE XK S A NHHE, Bh
{T7asty RBENHRBICERT 3 HFI27 4—F, &
#127Tm® DARMFATHRCTAINE L. BROGEHE
BEHOAELAREELT, cOk5aREBE L
bLBADTH 3. HIRLEMNT 3 R0 LEml
BAELLALES AL U3 LnHEBSES Dok,

IEBRRBRCHIER D DEARPRZOC, DLV
Bibb S KEATHIEETHS. BEARPIC, XV
RAFMEB A~ IEBE D SHERBRLT
ET, REAEEELTCWBZ LILAYEL v, 4T
LB TWAKE, ThiinERRRIcLETFEb3HEICe
2TWIHDEFL5.LETHE. cOks hiflix, #
EORAEHBIICRBRLTB L AWRFCHE. F
TrDyvruzry buy (10GeV, 1957ERR R
IKEFBALI ORI E b Licod bh, TOEBARR
H#REk % & b Ahk CERN, BNL 0 0010{%TH



3. Bpyic F7+BAg%e, CERN, BNL K 52 8¢
Hok. DLz 3 electron ring accelerator D&
EERWIRARREEIC A > Twd T ¥ b, ERD
YvIubevick-Thb3 ¥ CICRIBYOERZH
LX5. R5F) ORHE® Kk © 200GeV,300GeV o
frEAERACHED bh 30 ThhiE, B L TRRHKE
yv/e e /ORCHELEX LY 5.

KinEBoEREEh WAL, —EOLEEL
LEF3Dic, IEBRBRRCELABEDER Kbk
3. cofjoZEotlke FHEFELS;ELA T Kick
FRECLBRBICBEL LD 2 TL 3. xLTEH
b ERELAARBEEEHALT® = ¥HICET
T, InskReis X ORI - BRI T 3 RN AR
FEARETOIS. MEBCOWTWAH, BEREHRO
POOKYBBOBELBICLLdBB5L, HFLndoD
BROBRLAZ L b HS 5. EAFESOBERKE
LEnhwnwot, REDOIEHBOMGKIRERDIEL
DEB5Ln5BEDDHD.

Frle i ¥ — ¥ HREORBBICK & R IGERE
2 3WAIICH, Liclihi X5ic, BiRBomEiti
WM T 3 C L AR DN, KERLHiLEK
BBOL FICHE 3 RIC LR Ol LA X CHfEiC
% 3. bXED K D8BER, HRCREBDTELT
b, FCICTOD 30GVRD b DHER LR TEY,
VHEDTOGeV IC X 3EBRBIAE DT L Edb, BEK
3N EEcEBoh5. BNL  CERN »{Bfs
voobnvi, PRCRKEEETA-T, BEom
EXBIEOIMEL LICF3RF°HE. ChETOEE
hb, CHHDIERICH, ThERAWTHET &L
REBL DY, FXEXELDEENIAMELTHE
YDEID, CDLXSARFRETRSOTHS. KK
BETEELLTY, ABINARAEESORREAD £
DICHB T, HLhRFTADLEREMB I ¥~
BELovY « 24 2ONRRDHICETLXH
0T, YroE (GEE ThE b ICHx iy~
DHIMEBRE DL B3LLNEDTFTE. BHROFEA
PHAY, CEIRIBZ ALY —~DE LD,
—DDECELENES DL LTHF GV D0 %
2D EnE NS DTH 3. '

8. BLILX~HE~D=DD“F"

BETFHEICE T, ThiCHMAEMBROWELE S
B3eHiC, CEINLFVEROBABTFRAELEL EH
3. BFhgcxni, BTFROBE & MBS oumuy
CETRE, @SR XCEEEB=2r¥—cSLw) ICil
KT 200, REFOFERICHTIAL ~IHREOL
BEArlZpEOCbBHLATHS. ORI, ST
CRIBERThAEWEIFAD 3 2 ThE, ThxBEn

KELTCCHECAIHICDO VBhho e L HBL B
ECHB5. ¥R~ chIRY, FHELH
WCEDEBEEHRA T3 XL, bhbhopo
HBMRARICHE A S. E5vokbho, D
xR ¥-CHLCORFYABEGEEC 2 TS, %
hiEbo L dRADRYOTIHHL AEITHSS5.
B 5—0DFTEHELTH, =3 ¥-ORE°HS
cihl, BTFRORE - BERALITT, BBOK
PHE¥BLLERBORCHI LnSOXRBS. Tid
b, FOOTHBALRYTS Lk, HRRETYDA
WAHEMICRBOBRELERTS, twidbbT
»5. EEMHE ‘Bzira¥-" ookt s il
ELREL2D, HFiNP LA TOELLIICRD 32
YLD, HE~OEBRER ‘PR r¥—" Cn
FXRVVOTELLEVERSEXEDS. Ex ¥~
DETFHMBORER, cOHHTHEEL WS
Food s AEME L X5. CERN # BNL o
Yy 7 bu Y HER, 70GeV $ 200~300GeV O
AEMMELT, COFH~OE bt ihbok DT
H3. ZblczcicHidrREgHLLT, & (2wl
4) zAr¥—-ORTFHROBETRER 38T, ¢
DOFF~DRBRECE-7%. %k meson factory ®
BikbaTH 3.

meson factory & %, 8E MeV L 1GeV Xkl
BT AR (separated orbit cyclotron i;:lt BRIk
B 22T, REORBCACBTHED, k%
NEYVKRD  BXU s PRITFRERBEI RIS LT

3% DT, meson (hEF) factory D/ IkER L VY .

. ThHDNMTFHRERAWT, BE, RET, FHTF90E
o, BREMENEHAKCE3 0, FHEWFRLLL
5,nibTHB. A4 RLT A Y HTCOHEDM
HMBHROL LR LDHT RS, FXich pion factory
(1GeV, 65mA) %2 3HHEH»H 3.

k&g % meson factory (9 <@ BB mA(E 97>
<7) BEoBFRERL S) REFFRR SO BHEE & &
3. zhe, NERe:roRIEEROBECHEHCS:
o THFHRER XU Y FY v 7ORBHELETH Y,
SE A HHBEEr TR b niedic, §HBOBR
ICHE DR E MBS\, %iiEC meson factory kb
B A A~ IR~ OB E DIE 5 BEFTT 304,
MBEOEPHOLE LS, 0 k5 hEHNRERR,
bATW3. FA, ThECOMNCIhIE, NEEE
DEBEYHT, TAALK~REEY ) CINEIDRE
2, FEOMEFHTORKRERTETHS. MBKTER
Fryvrwbuvi, THEECIWRERINECHIIC
35 CH o,

¥ 7c -+ GeV O KERBCEBF gz ik K WPl F (kaon)
frnd 2wy OkBEiENTE 5D, kaon factory &

—10-—




IENB T LHED B (BUETCRYPBEIXLTETEL),
Thloftth b l, kiCi~<A meson factory it
7 HEF L » FETF R RET S DC pion factory tn
515 HB L.

‘B ALY —-HTFEENICHTTET S ERREHAR
SDOXRFROH AL F—RBL WL LS5K, coLE

CRERBORLEBICAM = 21 ¥—HE{&DhT

LEoT H4% (MOFCHR) =R r¥—RAMMT
DI X¥~DFHFRICHHALTLIEFRLEW. %L
THZD “F° HHBELE. ThRZOOHT R~
HFREBEORERCEmTHRE ¢S5t n) colli-
ding beam machine ©$ 3. v—v vy EF#LH F
bHBLSC, THEBZALY—%DO YEFOLCE
. DHTHHCH 1 X8, TOMBRIGEL Lilic X »
DIED (7 £ Y nHBEBAENE (MURA) ra~-7). %
NWHRBFHR - BEFH (cet) tHwTERHIhAD
BREADBENOC L CHS. HEKEZETILELD
WRERY CHBEREAR LT, BLELWEHRHLD
hic. COB=DEDERRER, X2 7+—F« 7Y
YR PYRREDHEEF—b, AX)VT (v—58 &
S EOBBTHET IR A » 7 4 DHFHIFEED, Y ¥ O
»3. CERN, 79 v, TAY HhOMOPIFEEES C
RICD I nTnT, $2FictFHo colliding beam
machine D—HHERL2. VMR AEEEERRLT
WT, TCRDEEP oA DDREXDPLSS LS X,
SiciA R & & LT, CERN 0 28GeV 378 %
15° DHETHEoD X ¢ 385E (Intersecting Storage
Ring, BRLCISR:FFIERS) &/ REEA R 7D 25GeV
DBTFE 25GeV ORBFICHigR X ¢ 3RtERD Y, &
b ICRBPC1971~724E K2 3 TFECH 5. CERN

D ISR ik »<300Micdd 3 00, 1RIE 1,700
GeV DIBFEMILLAARENICH T3 C 2 iciENT
5.3L L,700GeV O3 Fv v rutevol3et
hiE, IEROMBRLT © b 5000 @OOBELA

© 59%5. colliding beam machine 35, #BE AL ¥—5

SEATHICHEY “BE CREF30L T35,
Hess.

TDX5ic, BElzir¥— CESNERN % 3 2
colliding beam machine CHHELZ BHH3. &h
RHFRALOBRAOT, Bxir¥—REDEC S
HERPENC LOBIIC, ALt noThEhiEER
RO CKHER “—o” ORRICTEFR LS KD
3. AIEBECHIE, MHIAAHTFOLIRLT, %
REYV D oA DBz AL F—HF 4 SHSBAE

Roidic, LEICELTHWaTLHMNTES. Lk

2T, REUFPHBEICL 5 TH, B DHEBRFRICHT
DENnSTeENLRTY, KIMREEIEY S LTHRAR
THY, EbiIcHNHD N i colliding beam machine
0L B3Ln5DNRIN.

JRVEAR IR, XEDEhELEWCHEORER
DL B3DCEMEDS. LI W DY Dcolliding
beam machine RE5Vno25 0, §$iIc 25GeV 0 pp

machine E@D b -k BEtc, CERN o ISR k

DF o2&, DL >Tn3. CERN o ISR ¥ §» <,

—fictEFIFHOER Y D s bickt, FEZICSERKL
BELABEDCEICLLHEELGS LA S 220K
LEEHHICE Y, LikoTHL D cicrs. /
RYENR IR R T O - TROPLTH Y, %
z DRFERIRR CRIBRBIWEC X » TEAME % coll-
iding beam machine ;D & FPIENICL D L1

1% () ete” @ colliding beam machine

AA¥— E OBFEBIL L Ar¥— E 0=o0RFR% ﬁﬂthc‘E?K@i “"lf'ClE'DK
é%gf?ﬁ RFCHTAL EDBOROE 4 IEEEI FhELEDQIFIAY | DZFAF—§ 2L KT BB
r¥F= (U) £HL W) ')Z\ﬁtﬁ?'?)-"*w#‘—
500 MeV 22 MeV 1 GeV 980 GeV
1.5 GeV 39 MeV 3 GeV 8,800 GeV
3 GeV 54 MeV 6 GeV 35, 000 GeV
xAan¥— EonEBREAn3 colliding beam machine D@2 %20 colliding beam machine
4 ee WROBE CHMABRFMERDO X RN F~
Usn2mE (2E2'mec?)
(me=TFRE, c=XRE)
) pp Tkt pp @ colliding beam machine
colliding beam machine ®¢ | BORDZIA¥~%2E €335
MEI% | pogzrrv- @mmmil |ocoEABTMEROZ ALY~ B
12 GeV 24 GeV 300 GeV
ISR REE@HRTAEL, 15° CE
28 GeV 56 GeV 1,700 GeV - A HETTE Y5 A AT
300 GeV 600 GeV 180, 000 GeV ’
64



Siv S (2R LHALURMICY) BABBE L > T
Vi AT/ ROEAX I CRBWT TR, L
b B IR 80% GHROWFIRIS - 2 E 308 3)
DEWHEBRERTL T, D colliding beam machine
DL o TRIDR. HFMYIC S ED & EVELTIED
LLCHMOEE ¥ ST 3.

9 CERN igowt

B2 — v o S CRIRBOHHEMNEO—D & LT, 3
2T 23, YVEOERBCHMEX A ADOBHHR
hbhi. BBEOB=T ¥ ~HEE —ABONTE I
BoTLYoAkBidid - 00, WA YESELL
HE -y EEOHIC X YR KT 3/ dr
¥-FREBE O SUMER LR, Thid T AR
HMEEOBN (7290 HHEH A c b LETH
2k BEICDE SBNNEE AT 19554 CERN
(European Organization for Nuclear Research, Bl
AFBHRBN) RAL XD L 2 k=T8N, 245 v DB
ICEhZeDTH3. Lrd CERN OFK R R Ll i1
b, BT ALF—IMEHBICOWCTOMBIEERIE LD S
RTwk. Zha CERN 0 2= > o [ FInHss,

600MeV D v 7udd su buy (574 & 28
GeV Oy Fo v e buy (19594852 & LT K%

F¢, fia—n Y AOEI AN F~FEORLE LT -

WICRI 2D TH 3.
CERN R 13 B (REAMHR12HE) 2 ERMD

' WI-0, ADEAKCSBIMO LS XD kK, £h
KBHLEVT, WEOEx® (CERN & k< kibRc>
BIh3) ERIRDIRBBIL LT, X278 F7Ficit
FIRTFHBISEDT (Joint Institute for Nuclear Research) %
1956FICRR L4 . CERBEAAF—CHELT, BB
PEFWE, BAHEEA X OFRHETFADATHS.

RINC S & S TR, SRR %A 5 B

»5. BARBERFGICHALTHLOS®R), E0lk |

RRIFCLCHKTTWI. ERNHADIEDS & LTkE

FtH-70C, FHIZLENECS T A~

O ERWTTFERIES CERN K29 nwTol bhvk.
zz T, CERN o+ ABRIRA ¥IC D wTHF

BrTEHCS. '

CERN I\ 3[EEOT= + A ¥~ 28 (g - A
BOYPIRCERFLAY) PP L E50A (205 BT
vvrebey o THEIA¥~ HERRE LTS B
FHCELEHI0A) THE R, [ TE-Eil 2
BREDY - 2BFICSCOAREDP H XL T 3D
T, SPTHEAOKMEH ©H 5 (106843 ARE
2,350A, % DIBICHEEABIEEHRI0ALLEE TWE) (4 5).

CORERBHEMBCER T30 BRI ELHLE
¢THY, X0 5 LERBRETH I L, AROESY S
DI, DRBRORBEMAL EOH L9 3HiCHEWT
MYUEMICRPEDEC bn L 5 ANEBHEAS. ABD
HMICORCHEMIEL, wb® 3BT 3 HfAR
BEoRYE, 2EMICHLTHERCLLARIhTWE L
Wi k5. CERN opfSREE1RICRL % &)
TH3.

CERN DBIEREOAMCEEAY, T 1 Bls
(CERN Council) #i@ikifd 3. £H3E0HEY
EDI0VEBLOHECH . KMER L ) YEEE
ERBROBEY ThEh 1 EFOH L TEBLHER
Th, EMc2~3ELE ML, HEEGROEE,
CERN 0Fic R A ¥ —2BF 0K wWARSHho
. BIECRIEROBT 2 ¥ ~BIRE OIS 554
Tk BPHTREHER, ZEBN (Bkiicw 2 I, X8

H, KHE ABE HRENTOREL WA LS S) OBE

BREDTOATNS. ZHKEEIT & KiFh DR

B2# colliding beam machine —f 3}

VEPP 4

B’ ® % R F ﬁ@ﬁgf I B

429T 79xh,54 (Ada) 1961 etem | 250 MeV | d5HIHE AN, e detme tet 4y, DK
38 Arzay . 1963 | ee~ | 100 MeV )

© o s#veazy VEPF) | 1988 | e | 130 Mev
T3VA FIvRbvy-RPvT7e—F | 196§]| e | 500 MeV | em—e- HELXS (MTEIANEOGHRR) . .
vl J R ¥Azs (VEPP-2) 1966 [ e7e* | 700 MeV | e-+e*-sx*+n OEE (0 FHITOHE) (1967)
79v 2 a4 (ACO) 1966 | ee” | 500 MeV | e-etmnt+a- OEE ( v ) (1967k p)
T 49% MURA 1967 | eme* | 200 MeV
4297 792h 554 (Adone) 1967 | e~e* L5 GeV | BFH#h
TAYH MIT » ot Pkt eet 3GeV |, é?gg‘ﬁl b3z, CEA % collidingb‘lxenm THici 5
Vi J#y¥aAzs (VEPP-3) (1968) | ée* | 35GeV | mgh o

v IRy Erzxr (VEPP-4) astyy | 2 25 GeV | @ik ..

" &4x  CERN (SR) oy | pr | 28 Gev | B R R a2 s wg

#F4v DESY eer 3GeV | f#tE
TA29N RBvFi—F e~e* 3 GeV | ftiE
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3% CERN ~0HIQORK (1966%F) (2 DED 13 » EIREDOMEE

TwW3. ZhbDxr 2 b

TH3E. RBEY, FA—XPITER<{yBBMLCELTF, BEMIALTY

hwna—IEinbsTnik)

=7 AR, PMRETE

# kot & h(tsic CERN vﬁm»ﬁ’:wéns), zZOKR
& IS0 HE - FHIUCEA 3 WERN AL L S NB3 5
. ¥k, COBELEE-ODRE* S >TnE. —
B BIBREH CHIR & h 3 RIS 8BS  (Science
Policy Committee) ¢, %5 — o HEHREY L Y
SMHERASL (Finance Committee) ¢ » 3. Bifnt
CERN CffAbh3@= i o ¥ —FFFE (1 4£Mo5ERN
B - BitEe IR REARA L &80 T) KL TH
s bR EED, SHRBOFRT L B O
B THMER ST 3.

B2 ¥-HROBRE WD, ThoERML, &
ffd3~&7—~%%xw5nic, CERN Big ¢ mEs%
BEDREEIDVAZI VL O2OBER 4553 (zv2 b0
=27 2N, WS THEELXCKOWTThETLICER
SRTETVE). RIEBNER SR European Commi-
ttee for Future Accelerator (BEARBCHEn—~KBDT
<AF 4 (Amaldi) RBOFEE »T, £D5TvrF (BR
£¥fcitiiic ECFA L XiEh3) HDOVnTn3. BARER
DEGx A ¥ —FHTI KELF = & 4 ¥ — GRS cl
EMICHED LN B DX, KEOHELMEL, oM
OB HELEBEETAS C &, EHREROAE
ZBtiliTH 5 300 GeV BHiliDMRE & BRMCOT~n
7 1 BROiLHTCH 3.

CERN 0fBFs v 2e btur dffnd =L 2 ko=
7 2EBROMBIEMIC20Ll L3 8% 3. &~ OHERI
IBERBRBA~TBALZRLE U, #HE - 558
REE0IKEAF—LCfThDNE. HBF— LD
# X ®35rrt CERN Bifl (2 XURAWRS OF—L

C, #9440 13 CERN tin#E L 0BKF — 4, B

DHEMBIEE L Y IRBE A TL 3 visiting team 2 %
66

YTy 05} &#J:U ~ THRBERBCHR X 4285
M B M | CERN~o#HSnt®| Cov Hu: = E?ﬁ&?ﬁ ~ BRI - BT B (b
(CO-O&MLH’,‘L‘%S) ¥ 3 on-line Computer) Az
A—2b0T 1.90% 1.91% 70 KBETELLBALTRS. ¢
L EFAY 2.30 244 854 #x F 1 ¥ — PR BE2E)
L7ovR 19.34 : 19.46 708 , TR A E2fThbhTw3
L 0.60 ' - 41(196441) CERN BHon s> iEL
izyr . 11.24 11.31 456
$oux ; 288 3.90 156 LTh ndEosbctrdbo
IR - 141 1.41 54 YBALTOBCH ), 105E1E
2~y 3.43 _ . 3.45 154(1964 %) YhfficT & 7o 32cm O/
ARG n—F v 4.02 ! 4.04 170 F(SRELAEDIDILLW),
z 1z 311 I 3.13 116 s
2m GkEFGRL 6500 DARE
4%
L 219 :230 : 0 a5 (19604ETEX) <1, 1801
m 3
B Jo 0 = Jasr o&éﬁﬂuaﬁz‘;q% Cevalr sy s & EEUAR E b5, E
MRS, SO0 & Bl hTv3) 5, 590 FIORRBEO IR B A FT A b

h, #BF500 HE (196740RED DRRERA L bhT
3. EHD1/4~1/55% CERN Cffah3 20T,
BV OREHRIMALEDOKSE - BIFCERIMIC % & hThF
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MAJOR CONSTRUCTION ASSUMPTIONS
1965 AEC POLICY PAPER VS. AUTHORIZATIONS RECEIVED OR PLANNED

- T

s::" E;;:irm; . — é:":::eﬁm : AEC Policy Poper Schedule

A Design Authorized
Cornell Electron Accelerator ] O

Construction in Progress

Construction Authorized

AGS Conversion Phase | . l

Design O Construction

Large Bubble Chamber - ANL  * )

Construction ‘
ZGS Mojor Improvements
; Eorliest Possible Authorizotion
ci [ Lorge Bubble Chember « BNL * ) I
O Earliest Possible Authorization
I ‘SLAC e+t ¢- Storage Ring —I
— Eorliest Possible Authorization
[ 200 BeV Accclerator l

Aucsign in President's Budget

Earlicst P.ossible [ Agoo BeV Accelerotor
Construction

Authorization

1965 1966 1967 1968 1969 1970 1971 1972 1973 1974

FISCAL YEAR

‘) THE AEC POLICY PAPER IRDICATED THAT 2 TO 3 LARGE BUBBLE CHAMBERS SHOULD
BE STARTED WITHIN 1 TO 3 YEARS OF FY 1965 (Page 42, ftem Mo. 8). THE LARGE
CHAMBER REQUESTED BY BML WAS TO FOLLOWV THE FY 1966 AUTHORIZATION OF ANL‘S CHAMBER.

FIG.3
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%52 L . Bremssttrahlung

e~ + et > e~ + et + 7 )

OB (HROBAL 1964454 A, Orsay KT I L oC , TN A FH Li L 5iC beam
beam OWRRBRICHE~L L LERE Lo 2 LALERT TN DL OB AT % W HEE
ERMLETREZ bhAo s, DRIRBEDEEZL L7 5 L3, Adone~p3E%4) b B
WADTHoo | o

AdA ZFrascati ToO{bhETAFRX FAhTWn3#, Frascatilcit 1.1 Gev 0B F
“synchtotron Lo % B4 eF WL LTCRARE TS oko TATAAA L+ R T Orsay~
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Vet % 5% ( 1962~1965)0 BN § Orsay TR BRADTH Do (HAAA K 19654 3
A Frascatiltd ¥ah k) o

Adone 44 (1966) KR % Eﬁ%!@ﬁ'f’ﬁ%#ﬁ&’(‘h&o %*L<Adone © e B
e — linac Y FAICBRIND OB 3,

FICBNALIC, 42 ) THE= AV ¥— OEFBHL L TAdonex EL RO TH s M,
TOROBz 3+ ¥ - PEOLES — BIEREBOE KX HEIL— L BEO%%rs , B
UBFORMBOLELHERTICE ko BTON= 4~ 75 TE50GeV JoBF0
AGS 2 BT L%HBATWE, (ZD4 £ 7®§1ﬁmoh'cuﬂﬁzf.&h% § 5&7»
o)

§ 2 colliding beam machine OEWJ‘E

&= 2n¥-E ORF ( HEm ) % stationaty target ( mﬁognﬁﬁ&m E¥2)
Kbt rRECMETO total energyfai : .

s=zm(EL+m)   f  | )

TtE4bhb, ThiCWL colliding beam machine T Em , energy EORNFHL T
HEEREEHL , CMARALab REFL $0TH-T, CMTO total energy/s it

vVs=2E S (3
& ';.’:éo (2,(3% b energy E® colliding beam machine {J, energy #:

= (2E*/m) - m Lo (4)



OMERTHBLNAMTFH% stationary target KHTHDEFFETDH0
Bl T L 50 400Mev @ e~ —e~ @ colliding beam ik 626Gev ® electron accele-

rator Tfe-7% e~ beam#% electron target (at res;c) Kiitéébﬁl}%ﬁ(fctéo
£ 3.3 30Gev®p P c0111d1ng beam machine {3, %VCZTev&Cibproton accel-—
erator )_-I']l,p 3 collisions &%ﬁa"}-o . o NN

ch# collldlng beam machine oﬁﬂ‘(tééo o

L&l c0111d1ng beam machine BFHEEL VWO DT TlEAEV. S0 50mMERZLHE,
*thT> { ofcﬂ-‘ﬂ?fﬁ’& target KHTT colli'sion exper iments 2 TEBAADPYTEL,
target #BEI#-/V%’-' O-R#E (e~ H bk r# , p machine TEHMF+ baryon, an-
tlbaryon%) %_mw sty )E2( 2T, HRATEREERNTES, THICKL , ol
11d1ng beam machine T collldmg experlments-/)a'cééi'c %Oﬁibfc_ﬂt
BeSnBoMBBELTR, ALzdr¥—E (=E) om#ESH — -%‘i’w:]: 00111d1ng
beam machine [T beam 2t T+ BB ES LT 1;%% ( 7[_:%, collldlng. beam ma:c'}‘x-
ine @ storage ring NTHERTES L LT )— KERTHELLR-TE b:"cf'nﬁ@
KKxb &Y. FiIfti colliding bealjn *coax%»af—aﬁyCEEStﬁTﬁEtﬁm%(Rﬁ;@%&
B)OHEHEOTRTDHS50

Z 5\ 5FIKT colliding beam machine Mﬁbbﬁﬁﬁ&%ﬁﬁﬁt%f&?’\% 30T
550

§3 ef—e- colliding beam machine O PE

e-—e- colliding beam machine ® X8 B@&iQED@"i‘z b‘CéZa %%Princeton-
Stanfordo coll1d1ng bcam machlne T 300Mev e” — e~ O%ﬁﬁﬁ.@%ﬁ# 1964 4
Fbh, 10 ™ m 2 TQED AR D kDT ESEHT Ao 3

+—e-OBBE, QEDBRIZRELL S, TOMK anmhxlatlonVC X o’C%ﬁ?&ﬁ
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Vit 'i ,ll .
" .-: et el

e"'+e'—>r->p—»,n:+“+z- N . . (6)

Oin<{ non—strange mesons ( it excited states )@H%k%’ﬁ'ﬁﬁféé L,
et +e-—at b= | A (7)
® e*+e"—p+7p . (8

#0X hadrons OB EHF electromagnetlc form’ factors O ?<0 Oﬁﬁfﬁ’&%'\
BORABTS Bo TRICHL, o '

e~ +aton¥ 4 e- (9)

LI R

* e~ +p—p+e- S ' (10

Za*>0Co form factors E RAKEKRTH 50 [(94k polology om%r*a%&&&&&&
WR b EERE B AB O h R i, muﬁﬁk%%véél]tn%o:,_oﬁkﬁmar$
et —e- machme OHBMENRHBELL o et — e~ lde- — e~ CHNT, %VCHS@VC&
E&mggcocam&zao electron @ colliding beam machine% 2 8ICIE, e~
O3%bF et beam 0 source £ HEF5 LH#IC et MRICHA S 5 CHET~E T D,
ZOL5ICet — e~ machine REBEZSOLEVL . ENFHEOR LEE2RE T
® % hadrons ¢ XThOORMEMFALPEXs0KED T VHELAIOTEHE s Fhick &
5LCh p—p®colliding beam machine #ndo FTHIED W TREICANE Do

§4 p—-1p colliding beam machine

'ﬁ‘lﬁ@ﬁ&k‘:;‘zﬁ’\fc I5kK, p—p colliding beam machlne mﬁﬁ energy —coyﬁf’ﬁ
Bix TR THOREO HERA THb o %hkiﬁﬁil?}ﬁrﬁﬁ—‘co p— p c0111sxon expenments
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BHAo DT ,§ 2 THERLAL 5%?&9%%&%%%@1‘&&0
CERN—T®, 2Mevoe~—e¢~ colliding beam machine (BﬁﬁﬁCESAR [CERN Ele- ‘

ctron Storage and Accumulation Ring ])’&f?b'Cmodel %Fﬁkﬁiﬁgﬁ%‘&ﬁn , 1
OH%FE@ collldlng beam machine Oﬁ?ﬁ{t& D )\i’l—'(’ , 1966@1 h19T1 FETH D2
oT, 332x 108 X427 5% T, 28GevpiC 28Gev p %:,sm-orr@%%m&o ¢
ATtk ->TWwho Thitlntersecting Storage Ring, ISR kﬁ(g:hz,o‘“_‘;oo

' %??ﬁ&iS#B‘fOEﬁ%ﬂ‘C%15°@ﬁ§'£’6&t/\/<’:’ﬁﬁf§§7§:“}“bo zop—p collision

iz Lab energy 1700Gev ORFF & hydrogen target (proton at rest)lofFHELF
E£Tdhbbo

. ASROEESZ 2 2 HRKLRL 7 il beyan:

Table II : Main Parameters of the ISR

Number of ringe 2
C,t;‘cmnference of rings o 942+66m
Nu1'nber of intersections 8
Intersection angle at crossing points ,.14°7885°
Maximum energy of each beam 28 Gev

MAGNET (one ring)

Maximum field at equilibrium orbit .. 12T

Maximum current to magnet coils - 3750 A
'Maxinmm power dissipation S ; ;Z:°O4 MW
‘Number of mag‘het periéds o 48
Number of s'uéefperiodé | - . 4
" Total weight of steel . " '5000 ton
- Total weight of covper - 560 ton

R.F. SYSTEM (one ring) e .

Number of r.f. cavities ‘ 6
Harmonic number Lo .. 30
Centre frequeney of r.f,, = . 953 MHZ_
Maximum peak r.f. voltage per turn » 20 kV
VACUUM SYSTEW
Vacuun chamber material . <low carbon stainless)
Vacuum chamber inside dimensions itseoei 52 mm?2

Design pressure outside intersection




regions

Design pressure inside intersection 2 10~° torr
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.. regionms o ’ 107 to 107" torr

_CERN - PS 0RO RE 1 ¥3E
: 1x1 0'2 protons/pulse , 1 pulse, /25 sec
fééo1wo¢@m1mz4z=7y/&ﬁlb1%ﬁéths@%ﬁﬁ@#mT?nﬁ

PS.onERAtoBoBTELr Y . B5aMT, ISRK%AOE AR BT ENR

TERHL5KEBETDH D, store S hkbeamBEIH L, beam—beam collision #%

beam—residual gas® collisionk h Fo L ZBADKIE, ring O, L < K

collision sectionzBERZ (107" torrOEHZ /LT 2 ) KBEDC L RBBEIh

50 TOMIKY ISR BHF LWEFBAREERES(EL , MERITEOCEIFKRENEZTD.

Ao _ . .o , . ,

ISR @%ﬁbkﬂﬂcaﬂ: FHRDPERAECBE = 20 ¥ — oiﬁ&ﬁ%oﬁ'\ﬁhiﬁb
haz.llCED 5, S . o
ISR RE-TABMREPRIOWTR , AMERRFFERICL 28 < 30 ¥ —YEOH

RPLRBEEETE L, LELSECCAEOERT, 23+ ¥- ORRERUBEHELIO %

RHEZNEZD o ARBR® - FHF - 0ORRIKC, ISREFHReT2HFaRrdAabT 0Ll

Flavoe =AM ¥ —REPHVCHRLAR , BC , RUTFRBRHT s BRAHF MR

BHLRBRINENFHEEFIVBHIOZIOLZ 2> TRADPLTH 5,0,
ISRK%?%3%xﬂﬂz4z77JMk$TééoISRf&bmﬁ?MEﬁAGS&#

2L ,EBELTETORELSEZVED 100GevDOIONTEL Yo , .
ISR TR —DOKEK” LATEZVWOK , ~100Gev DAGS % 5Lif « ZHERATE 3 |
300-MHORAEV/ATHOK , ISRHAIND., RIZAGSHL WO OBRICK , WEE

OA3% bFBREHRFHHIT AT T, E0r THREORH T EREh 5, Y4B CERNoDire-
ctor ThHo AaWeisskopf I SREROMIETL, TAKIEL THRE (1965 4) KAERK12

¢@o&muISR&%D1§L°%ﬁJé:b&ﬁ%bko
CORFEREL BBOEMEDT LI, ékﬁﬁﬁmmfhéoCCTﬁgﬁosﬁK—*

ANTHT 5. o s
CERNBNLOAGS X , fIEORMBRY KERL , L2 3 FEBDY O energy RUR

BEObeam% il LADTH oo energy BEATEI - TLE 50T, KTWOMERTE

EHE LA LEL energy #Hi2 30 T35 % ,HER) OMESETREEC Hx0R , th$E

ZO0AGS #MEHLERVOIO TS 2, ThiRAGS DEF Iz MELCYHEL IOTS
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2o BEC*DHBOKAK L »T , CERNERUBNLOAGS OBREOMMIRCETELN Y
OHRdDDbo FOKE 1964 KBNL . Kk CRECERNTEHRHFAGS oAU ETHBERERRL ,
BEZFEOCLOOMHE (ML) LT HEZRB LAk, COHBREXTRFLCBIN,
BADKA ( LFEGYH)) 2N ENLERENEA THE. HRRE « FERRRE (BXRER
BhESt) Be S AGS &xE#iz BNL T#200x10® x4x +7 5~ , CERNTH100
X100 R4 X7 5 EERT Do ME] 1970F () HERTOFET D 5., ( b 2K,
LDL5% AGS ORAKREOR = 4/ ¥ —§tH%E 40Gev AGS WERLABHT S5
ko ) I

CERN-PS W&t LT BNL-AGS £ ¢ v LB MEEB > T 52, WEORRIC
bh{hﬂERNﬁBNLK%é %%?%boCEMﬂTHME%%ﬁXMKEﬁ#%on
T,ISRth5§MM$%%TTbk#oTW6# WERBE KB AGS (R, flxld,
ISRo—jormg&m%ﬁ%%wbr~WGwoﬁ%ﬁ%thx§MLkm&w5wR
OHAR) OHIHE END{ hroko COMBEOHUMBR, £ 2O EOMERMMOL 5
K, &b EBTES  AAEMONBRAREEALAL bLAb S LARK , HBTOLOY
WEE c RFHTHEL DI, &%w&%e#ﬁ%owtﬂ#bmabbn?grmk—-
B0 TEE , BB AIEHICS EFCROTH Bo

%5x5ékﬁhééﬂﬁéb EKI&Re%thokmﬁﬁaG&%Mﬁ-—ccv
%%EE@@<&%&%KLk#D MEEERHERMNCE D BEEE 2 BEEIEciaok
—iWn 5%%&## <, Weisskopf & ( MERBR LR EDARKHE-T) ISR %K
Kﬁéthﬁ%ﬁ&TLkokok-—Hn§ BxrrF— m%mﬁka%o@ﬁﬁmﬁﬂ
tf@é&mbndtbtmo

3wﬁﬂtm§%ﬁﬁ %EIK#%T% BROBRBIRELXBELTH30TE5. R
ﬁﬁfﬁﬂ (LE) ORtEIRS &, Hﬁﬁwﬁﬁo 5O KHMAEEL AR 05
z & 7, d..'?’l, %@%(Rﬁ@%ﬁ——CERN 0L5AEERBEOBE) OBFTHLEED
R ATHD 5a n< OHOHEOHFH b—D0 b OEBRRT 5 L1, T ORAESCHE -
10%&%%E+0%Em§k&%@&&ﬁ?%of&éocogﬁﬁﬁlo%?tMﬁﬁ&

'%oiﬁ%m%moﬁﬁmom1ﬁm@w@<uia%mfaao

.(mRNTﬂISRK$A%ok# 7;uﬁ?u«rfaao%@(%ﬁoEﬁ)%éof,

P pFﬁoI SR @{'be.r!ncuc%bfco #oO b Berkeley O%k3T 5 200Gev proton @

AGS %, Callfornlajtq-d)%o LeFie, 4RARBOI0 L L THEBETREL DL
éctkébehko%LTK(?}UwéD#&ﬁ&&&ﬁ&%ﬁbxﬁ&brwzo(
TiWestoniC& 25 & — 1968 FB8E) o :




§5 Ko
colliding beam machine; @—D@ﬁi—- BEIANVE - —— T, BTRLOENWE

BTd50 §ﬁ§§romﬁ¢®%ﬁ€§m&#m ThICL o TET2EERR® LD L 5k
detect T 2L ONTRELTHRKBEHIATVEV, BHEZZ LB LT HALY P S 9 de-
tector #\n 52 LZ A, space® limitation, ”“ "‘I?i" ZRC{VEOFIEGDHT, &

5125 detection scheme EBISEL TW ¢ AEAKICES hAks B THD0 L5 |

Bz detectorE RBLAION , B2 AT LREBLEEINETHD 5,

. ZRELTH colliding beam machine XHEEOBMT LN % 5 RBWRE B0
BOTRLAZIDOTH B, 4 4 U TRRBFMESR — FhIBohATF—<=OHELATE
Zh L B DPEOERRLDP E2 R LB — Lo%d oL , AdA L Adone THRIRZ 1
HRBEOBIMN I DTS2, Frascatiit 1.1 Gevp electron synchrotron 2
TEAR , KREOB X step—wise (EFO— 42 b 2hiFBAO—F Lk ) &% 2
e#t, TOHECERN-PS (7 2 ) » i) CEL OEBREER DL , 41 2Y) TRARNTOE
REROBOTR: RRAEROFH" L WEBRFRERROBTN AL BRU CERN 280
lﬂfﬁﬁufmém%%u4ﬂ97«ﬁbkth1%%5%ﬁ#&m% MO R A
EREHBTHHT J:’S:i"'l@é-&'fco T ORR , 442y T77T% proton® national ma-
chine (50GevAIEOID) 2D 55L WO BHARL B LA BLE-ZRTS Bo

XI(§1)KFELE ok, Hamburg , Cambridge , Stanford J:‘lno 7B F o KhHE
Bt L OWEFTE 3 ~4 Gev D.eF—e- colliding beam T2 5 LEHEZ BLDTW3,
Xey 7RHFBMERORY - ARICAE « %25 nB.L%EDL, colliding beam machine
K2NTIRNCEKE 3L T2, BHE@ Lk colliding beam machinesd g%,
T2Rhd , ey TRIEFCRT 2BEB X EH > TW %0
RERZ , Bz dr¥-KREBLEPCRELEEFOI o L 3T LEBENRTWT, colliding
beam machine’) €DV T EKAEL L OBIMAICS Z\ho
| (1966—11—11)
AL 19664 11 A 9B, XRYWEEFIRACH AL Mlepton OBz Ir¥—HRB o
HRE&] OB LFELATLE L, EFOFeMAADIDO T DD,
1) 'AdA @ description .
.C.Bernardini , G.i‘i‘.Corazza , G.Ghigo.and;B.Tous ¢chek , Nuovo Cim, 18,

-1293-(1960) , . L PR
C.Bernardini ,U.Bizzarri, ¢.F.Corazza ,G.Ghigo, R.Querzoli and B.
Touschek , Nuovo Cim 23,202, (1962)
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2)

3)

stored. beams @ lifetime ¥ size TOWNT ! .
C.Bernardini ,G.F.Corazza, G.di Gi Giugno,G.Ghigo., J.Haissinski,
P.Marin ;RQuerzoli and B.Touschek, Phys.. Rev .Letters. 10 407,

(1963) .

C.Bernardini ,G.F.Corazza :G.di Giugno ;-

J.Haissinski, P.Marin :R.Querzoli ;B.Touschek,Nuovo Cim. 34, (1964)

1473—1493

COERTIL beam D MBI 0.5 milliampere (e~ KU et) 8T H-T, beam®

lifetime (& several hours T#® ~7%, intense beamo lifetimelC X3 2FHZEH
ZEIHBAAAD ZAr—T L S TREAITEN , 4 Td ToushekHRLEFEN TV S
(SR 1 JORBOBXERL Jo '

19654 2 A1 BICEBRO 53h 23 announce Thik, . , . . A ,
300Mev e~ & 300MeV e~ vk —DODringsiKstore dh , PROBEHKPTe™ —

e MEETbeA (HBEEX10® torr)o

300Mev e~ % 300Mev e~ LB TA20 L 360Gev e~ % e™ at

e - restiTHTHOEBETD 5, : : o
CD L OEBEE K Princeton -Stanford group &6 yEFHN

e
T Twbo .

Stanfordi€®» 2 ® storage ringsid, “ Mark [I” linear accelerator 20
De~%hdDBHH DT, 35BMe 2T END Do 4D ring TO beam cur -
rent IX# 0.03 amperes Td ko TOREBI V-7 FZCM%EO total energy 1.1
Gev @ ef—e-collision #EHE 3~ extension & ToTW 5o

| EBROWT

G.K.0’ Neill ,Proceedings of the International Conference on
-High-Energy Accelerators and Instrumentation Geneva ,h 1959,
edited by L.Kowarski , p.125°
e~ — e~ BUEHEAOREK. - ,
W.C.Barber ;B.Gittelman,G.K.O’ Neill, and B,Richter, Proccedings
of the-Fifth Inteérnational Caonference.on High-Energy Accelera -
tors ,Frascati ,Italy, 1965, (to be publi'shed) Zz(}‘:Phys ,Rev . Let -

ters ;16 (1966) 1127~1130.




4) 1SR at CERN , |
...;..-Y¢. two concentric distorted rings,each about 300m in diameter.

% two beams ‘intersecting each other in 8 places.
Y protons (28Gev) ejected from the CERN-PS.
BIcFEL{RETE » Xo R

ISRO X # »

(b&EamoHr)

ISRSI
CERN—-PS

‘ CERN@ISR&ie @Duﬁ%%&?ﬁ:hbi, 4. 5Gev e‘ beaml_JiO collldmg .

beam machine; 2 LT3 HELAL, Re"~pAKIFATE 2,
ISRVCO‘A'Ck.t{ﬂlﬁ_m:CERN Courier,vol 6 ,no0.7,July 1966 ﬁ=$/\r‘1§"6é

50 RITRNE . R Lo R
5) ‘colliding beam machlnesVCQVsTéﬂiﬁﬂOWDE% ﬁﬂﬁiﬁ(DE}%%%OProced-
ings #IC reviewD o TWnde ef — e~ collision phenamena © WEMEED

reviewd LT EM~F , R.Gatto ,Proceedings: of .the International Syn-.

St

. posium on Electron and Photon Interactions at High Energy, Hamburg,
" “June 8— 12,1965 vol I.p.106 &E; KOrsay'ESeptember 26~30 1966
';‘:}.'V&"I‘nte rnational Sympos jum on Electron and Positron Storage Rlngs MR

hia

”.Eﬁﬁxhko "’CO Proceed1 ngs ﬁs\nfnﬁj% %0) &:Bﬁo

.....

BEE (1966—12—05)
1966 £ 9 A 26~30'EI<DI’B‘1 Saclay"’(' Internactlonal“Symposmm on electron
and positron storage rings 2R N 7, CC'CVE?%%%&;@VC &#R&i@%ﬂfo;
machines © status reports dHEEEIh o TT THL %@VC toftt‘. &%:_..'9 CERN
Ceurier ,vol.6, no. 11 tk hiREFEL TEHT I 1 C e
The:-first- has been developed. - at' the Cambridge Electron - Accelerator. . scientists

there hoped to construct storage nngs for their electron synchrotron but the
'proposal Was ‘riot supported since’” eIectron rings " at Stanford ‘¢ potentially achieve

much higher intensities.  Attention then moved to the possibility of using the



existing machine to accelerate a positron beam in the oppomte direction to the
usual . electron beam, thus dispensing * Wwith the expensrve storage nng A positron

injector has been requested for the- Laboratory in the 1967 budget. h

A pulse of positrons would be injected into the synchrotron ring ‘and accelerated
to an energy of a few GeV. At this energy, the synchrotron radiation from the
been damps the random motions of the positrons. The small beam would be
decelerated to injection energy and another pulse of positrons-‘ fed in, this pumping
procedure continuing uatil 100 mA of positrons were stored. An electron beam
of equivalent intensity would then be injected and the two beams simultaneously

accelerated, in opposite directions.

The intensities would still be low for colliding beam work and the second aspect
of the proposal involves the constructlon of a “bypass” — a‘ loop alongside the
synchrotron ring into which the full energy beams could be deflected. Irr the
bypass, very high ‘vacuum could be maintained (to increase the probability of
looking at electron-positron collisions and not collisions with gas molecules) and
also, .by a special arrangement of magnets, the beams ‘could “be' focused to very
small ,cross-section in the intersecting region. This would™ overconie the int'ensity}
limitation of the larger cross-section . beams in the sjmchrotron..

i

The 1dea wﬂl probably be mcorporated in the Stanford proposal and the. possible
advantages of usmg a similar system for the. ISR at CERN have been considered.
It appears, however, that only small gams would be possrble and at considerable

increase in the cost and size of the project.

The second’ new development, ' from Novosr}ursk concerns the use of “electron
cooling” to ‘increase the density of proton or antxproton beams m storage rmgs
The 'size of a beam is determined by the spread in energy of the partlcles it
contains and by the spread in the ‘radial and vertical oscillations of the partrcles
Any. technique . which - reduces. ; theése . s'spreads” can -result in ‘4 more dense’’ beam.

. . S
I R I LE LM L R

The “electron coohnn” 1dea 1s to use .a parallel beam -of ., electrons, with uniform’

) '




- ~~~~~ ;4

velocity equal to that of the rdeal average proton, to take the “heat” out of
the proton (or antlproton) beam, where ‘‘heat” 1s consrdered as the random
motion about the average proton energy The carefully prepared electron beam
would be fed mto the " proton beam, “for example along the length of a strarght
section in ‘the storage nng The ™ “hot” protons would tend to give up some of
their energy 10" the electrons each time “they passed through the electron beam.

Over a very large numbei  of ¢ ‘turns, the random motion" of the protons would be
slowly reduced. o C ' '

The use of electron cooling is a vital part of the “VEPPGNE” project (see
Table). It is now being studied at ISR, to see if it could be employed in any .

future move to proton-anti-proton phys_i.cs.,:.z.,‘

-
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meson factories € .o \» . C..

L. B R reen,
i s i

meson factories. KOWTEHETOBNET 0 AV FA2RRE RS . “sector-
focused cyclotrons ( XU meson factories)l(CES,*j‘éEll;?,%é%"l) L Bria¥—
nEREEBIBED 2EHBEASH "2) L proceeding % rapid scan LTHEWAHRETS
o WS bhldreview b A LLARTAD , BFOFMOMEEZEOFRZ T LEBVY
o TEBE Lk BEOMERS L H~NTHEKD meson factories RE0 X s 2fBx D,
% 2 PBEENMEEZLEL 22T TIHLBTAZDI I TH S, LhLRREBIAT, &
PREFVWRT LEPTLD YL TE2RERZ bR,
o ﬁ‘é R )

meson factories o%ﬁk?z,ﬁm—buﬁzﬁﬁémﬁuﬁ
SEFI T HADIC, ETOFRHEREL T {,

AL

FH . i T me ity — %

§ 1.1 beam intensity & FOBAr
singly charged particle ® beam® flux KDoWT @&

1 ampere==1 a = 0.6242 % 10'°particles/ sec (11)
OBERES 3,
meson factory TI{HTC BEBELT
100ma ©® 1Gev proton beam (12 )‘
% & % & beam power [t 100Mw(Mw =mega watts) KEF 5, BHICARMAE 1 BIC 2000
keal 2#&T A ELTEN, FHO power &
2000kcal Aday ~0.1kw
KTEz2WL , RBEFHRER (1968 EZRTE ) OBKH 22305 kw( = 300Mw) T
22 +%B 41T, meson factoriesoh bd beam(1,2) OFEHORUNRDL TH S,

#F 1,1
accelerator energy intensity beam power
SOC—ORNL , 800Mev p | 100ma 8 oMw
P (design O BE) (average)
o CERN-PS 25Gev p 10'’p/pulse3sec L 7w
(1966 E£H) ~
e-linac |design | 20Gev e 30xa(average) 600kw
) (SLAC) (19663 | 18Gev e |~102a( » ) 200kw




WO DI, BEHFED accelerators o saE @ *% :n;?uva,-!—
Pnk, BEHOF— 2 :

o FF cyclotron ® proton beam intensity

‘energy 8~12Mev p
internal beam ~500za
external beam ~100xa(4E/E~ 0.5%)

~ 1022(4E/E ~ 0.1%)

after analyzer

CIRAEIEE TOME)
®“HOFM cyclotron  55Mev p (700cps)

internal beam ~ 2na
external beam ~ 0.54a(dE/E ~ 0.2%)
duty cycle 2.1%

LHNBZERBRKODHC LTSS,

MEEXR1, 2IKE & BT

®1,2 HBE % available beam intensity
‘ internal beam " external beam
accelertor energy
(average) (average)
cyclotron®) X 20 Mev p ~ 1ma < 0.1ma -
FM cyclotron < : S '
~severgl\lli X ~ 1ua < 0.1za
(synchroeyclotron) 100Mev p ) :
T b) { several X - RSO
SP cyelotron 10Mev p, 4 « ima .O.Ima‘

"~ 0.1za
p-linacc) a fewx10Mev p

(duty cycle ~0.1%) .

heavy ion

10Mev/nucleon .

~ 1pna
linac

: tandeni van de

‘ 20 Mev p- ) - 10xa
graaffb)




#2 2~0f
a) d,e,H,He %%ﬂn%'céze
b) heaoy ions %ﬁﬂﬁ'cézn ‘ . .
¢) AGS® injector E 1,10) p-linac ﬁpeak current 'C~100ma"éﬂ:':l,fhéo
L L “{Exxr¥- " BOKBE p-linac ETETWZ N,

§ 1.2 radiationitoWn<
HWEETI <o S BRI
1 curie = 3.7 % 101°di‘éintegra'tions/s.ec
1R = 87.8 ergs/¢# air
= 5.49 X 10Mev/} air L
TH B, carbonT1 R&%g?aoyz%ﬁ& beam © fluxkim1m1mum ionizing ©
singly charged particles T&d:

SO

3 x 10 part1c1es
1Mev @ photons <% 0.9 x 10° photons .(13)
TH B, f»Tlma % T4 5KMEE proton. beam&;t carbon® T2 % 10° R/sec 43
HEtEE % induce 35, (1.3) KK éﬁf&ﬁ&ih’!@%gwiﬂb‘f% factor 2 R TIEEL .
O T, KB beam 2N - AWE T2 moson factorles L %@}ﬁﬂk:&ﬁ%?ﬁz%ﬂﬁﬁﬁ&i%
1&@5%&&%&&50 ﬂLF?%HCERN%BNL@AGS&ﬁﬁ-k@bcéko'czg&l,'('\n
%o ’

S CERN® SC (600Mev p) ~%’UCLRLO 184" cyelotron (740Mev p) % &€l in-
ternal beam% 5xall biC+5%& , heavy radloactlv'lty@?%remote handlmg&(}
servicing techniques RUNBEL A2 3L 3hTWh3, zh bOmachinesDBED BRER
#2ua (internal) ’CébC&VCEﬁLT%C 5, meson factory THEEUHIEERBD
ﬁtﬁﬂﬁﬁﬁ@ﬁﬁﬂi# L'Cﬁ[!b’\%‘t‘ééo
I meson faétories o
" §2.1 meson factories &biﬂsz 7

nwwnfmnwy&bzﬁ1%0&@@Lbki&hkﬁ%féae

meson factory&iEE#@FM cyclotron @) synchrocyclotron= SC) *Cﬁzl‘;ﬂ'
230ERT(A<LED) 10°~ 104z intense % low energy ® = R 2 meson flux
tEpc e BEL T AMERBOCT LTSS PHFORBERETR L TIRTNER




ME-high energy proton beam F4: D AGS iz high energy Omesonsﬁgﬁkﬁsb

HLBZ2,

low energy@ clean meéson beam %782 @ Vcbiﬁl_,'cvs&homeson fac-

tory it background 23 T% 2%4 (T, clean conditions ® Fic, ﬁ%‘iﬁﬂﬁﬂ?@low
energy pion RUmubn beam 2 5% 2 L IKERB %S5,

TTTEEDOAIC,

TOpion flux%3[BLTHT %, DT Fermi L20BHEAL

rE-p HMELOEB (HADW) 2 Lt s pion -beam{t, 450Mev © Chicago ® SC I

bBrcdoT, |

78Mev
zt IllOMev
135Mev
s { 120Mev

T .
144Mev
169Mev
T 194Mev
210Mev

TR X—MEES LI dhs 2,

36000/min
6000/min
900/min
230000/min
65000/Mmin
190000/fin
53000/fin -
35000/Mmin

(94% =)

(96% =) -
(98% =) -
4TW, M4 CERN G SC (600Mev p, 55pul-

-

ses/sec, 1957452mK) IX internal beam 2t averege T~ 242, gxtracted p beam
5% 10'p/sec THoT,2hi bBbhddph ~H%0

nibeam Ix

10°~10%%sec

,aibeam(s topped 4T %St )i ~10*a/sec

Vcﬁb'tlnz)o.UCLRLS) O 184” cyclotron (740Mev p, 64 pulses/sec,

9@@%

B, 1957 £ %5 T ) ©Columbia ® Nevis cyclotron(385Mev 60pulses, sec,1956

ER ) bR 4~2p2, ~lpa O average internal beam HLTW3S,

HAEOSCTHLhZr—beamO B DLW BRE: 2.1 iR3,

S -

21 ( 1965 gk data )
600 Mev 740 Mev 680 Mev
CERN 184” cyclotron Dubna
SC—Stochastic " Berkeley (2.32A)
Internal External Beams (Fast)" R
E” % Pz; T ~ = AR z* T xt
Mev) per. seec. per. sec.,” ~ "| per. sec.




70| 30K-56K B A R ‘ | 80K Z(E
90 120K 50K h

" 100{140K 40K - 8K 42K
125|180K 9K T R I 11 &
135|250 , . A
150|200k 5K 15K 102K iU f - ] 2K 45K
180| 200K ‘
200 20K 300K" -
250(100 15K 600K"
265
300| 70K M igM' | 40K 240K7

() M=10° K=10"

underlined beams are measured,
others calculated
All beams reduced to ip?_' —4% (full.-width at half maximum)
+ 2 produced by p+p = = +d. ' ' .
* : Muon Channel.

meson factorykimesons@#'@%&wrr&(ﬂﬂ%kﬁi%?%mﬁﬁﬁ’&?ﬁ?@f»
pion factory LWWohE ML hEITHA5, pion factory @ logical extension
LTk, K meson ® hyperons O KB EL B L35 kaon factory BE L bR 5o
BRT Lo “ExAr¥— "Opion factory TALRKHL 2 EB.0T, " kaon
factory KoWT, ZREOT ShTd , EAHbL VBT 2ROBEIKIR TR\,
AL L5 BBRYZLwABNL &L CERNOAGS Ofg&EtER , Th%E0 AGS 2L T
kaon factory OFMICESYT L sE1ELBHMTTERTE S, o LKELR, anti-
baryon # KEIC&E#ET 5 ant imatter fa.étory 2L, an}:imatter O EFE - HEB
HEERBT AE LB 50, |

§ 2.2 -meson factorylci3%Criteria

RS pion factory & LT oﬁtimum KRAWbBh 250 cr-iteria'ﬁ:ibfrf‘t& ‘t.ﬁo

ALBkoTELLNS VO ELTH , - | | k
(1) .500Mev ~ 1000MeviC proton &fMETESH T L,
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#E Mev LIET2WwEpion 20l ht\n, XPFIBRZ I A1 ¥—Cr 2 & , HBEXE
{2¢{L,Xclean pion flux at . low energies & consistent K% L% W,

(L) beam current WA L3 01l~1mmallbTts22 &,

TdxrWneipionsOKBELEEIZTE %\, heavy radioactivity t.costt barTTh
A% high intensitylc Lia\n,

(I) internal beam#% extract 32z efficiency BT W &,

b LRBREO internal beam 2 A~"28 " L b XA T2 &, IEE ( L& in-
ternal target®/§30 ) #% heavy radioactiortyl & 5 I MER OHE , Bl - BT, -
BRLCOWTERZXEE 423, BR L100% extraction #EET: 2 B/IcTE T
» 5%,

(V) proton® energy%2Z 4 5bh 3T &, WAA % energy Onucleon K& ¢ meson
beams OB LR BT LW, TEAFERBLET 5 b 0Xh b TH 2,

(V) macroscopic duty eycle o KE\Wwi &,

EBRICER % 70 IC

(M) polarized protonziETE 2 &,

CAVHRTEZWEELRR OB T 205 TH 5,

pio.n factory HCh Lo %232 T30 LTCEESThhiEx bin,

§ 2.3 .pion factory W AWHE
pion factory HEXAMO LCHENTH2XAT T, KEKERZL 22, BEFOIOZ
X—2d%\n, beam intensity ¥ b ¥ bai#io (I) IcE 3+ % babyE pion factorys:
SZurichBATCREINOOD2KIET 2, ThIZ ETH 2o = 53 8%$ 0 510Mev p,
0.08ma(average) ® ring accelerator EHENhZ3IOTSH 5, '
MEBISOTRREZEBLYEOF —~ Lotk % F?‘Z:«CL—H.%%TﬁE?‘czb 4
pion factorya#iavailable ’Cééé:bfcb TOTHBIMETF—<=KoWTHTB T
skl kb, : .
B & T 7 eriteria &#fc?‘ﬁﬁ#éhﬁ #,n flux ®3 % 59, intense nu-/
cleon beamdFHT , BxERMEFAANRE~LND, TREFIHR L THNET
(i) BBWBOWE '
BF—BRFRkE
o - RIE
:a¢%¥—ﬁ¥&ﬁﬁ
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& o — .r 1 (palarized n@%]ﬁﬁ%%'&)
FHFEF (mesic atom) TOFMFOBEI -

BMF—RFERIE . vt o s oeE
L) B TFHEORE -

PETIE LY T

THFOERNER ..

*ﬁ%oﬁ&ﬁﬁﬁﬁ ]
THFRFoMBE . .- - () 9 IG Y TR a
BF—HFHA - o Q Redofipn damape %
T HA B35 218 o |
o REERE - () 3t f”‘ﬁ/v ;|

FERFIC L BRIG . o MNade M*‘W 2 %t'é

lv) () £=w% - Exg 2B
BBF%MA\i biomedical research
(#l~ix, radioactive knifess ) -
T HPMFEMAVik biomedical effects
()P BOA2HFEFREr OB L LTOBE
(Vi) BHERE LToFIB
ChEQEBE R SF cyclotrons {CB83 % Conference CEMLA->TWVILDOTS 2,
CHETEDARLOR , BFOS2LF, ThIVBLALHETF LA DALOTH Y, B
opuuumdnmﬂmnoﬁm%ﬁink%oeTMénkm XBIKCHBF LA NTS 2
Oz XU 2 FHMFOOL b T B, '
(s)@(u)momfaeﬁﬁbma%&gbam,. - - L s
i) MFeosEFomRE LT <, |
".?l V"ﬁ?&(ﬂ&%ﬂ?ﬁﬂiéhﬁ » AL EIC X~ biohedical research 2f5% 2, 4
Iz~ @ biomedical effects TEH W, %;h,a—j: - 2istop 3 2% TS ionization T
Bﬁatﬁmk$1¢éhﬁhb§okn‘ﬁiﬁ&&%o<%(@h)ﬁ¥ﬁﬁfbn25
BCERFHEMBLTKE % energy #£5 TN % radiation e I3, == BTG
Iradiation ¢t KEMH T s0CEXBLCV2 (H21%21),
o BodT @ o7 WMOBNDZWE LT, WEKREFIF® electron linaec AfEbh T 2k,
| #10ma{ FO<1Gev proton machine (#H % pion factory)#ifiskhif , FhiZE
WRICER A n R 7 W E% B, ~1Gev proton % heavy target T T T spallation-
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TYPE OF BEAM

. Irradiation of Tumor Extending from 10 ._oS to 15 em Humw.mm
Organism (Calculations by Huwom.w.m..m.oﬂwmw..wwoo.mvw%m‘.moo.
(London)85,105(1965)) . .

T E2.1 Graph showing relative damage to tumor and
- healthy tissue resulting from irradiations
with x rays,y rays,pions,protons,and heav-

 ier nuclei,respectively, ° . .

evaporation % cascade MIiC 2 3 & (34 # moderator L4« ) 13D T intense
AnRUTBREBATERTEZLLTH S, Canada ® CRNL © proposal [t T hid , &
O design L. machine (1GevO =B SOCX (X p-linac) it & » T bh % n—deam (Z[F
Lfi& © powerful nuclear ractorl b Fo tiBni i, £hTCRNL © 70— 73 1%
%O propose Lk accelerator I ING (intense neutron generator ) :Ws£&% >
TTwnad, i -

BEOBREFIETE bh % thermal neutron fluxid several X 10 n/em2sec T3 »
T, 10 n/cm?sec Bl k% fission FIAEFF CHB 501 cost A2 b formidabled Xh
TWwa, Thitx L ING Tt 1Gev , 80ma ® proton flux% Pb-Bi targetit®»TTH




2x10'"'n/m?sec 2APBLhBLEHIAT NG,

REOBNWE LTO pion Tactory OFMRAMEED b Lo I+ ¥ % Vb 5, B 1E %
ideé "(.’5’2‘:}'; pion factory v bhk pro:;tb_n' beam @ —¥ % fiE - T int:énse mcle -
onx flux ﬁ:.o <) ,&E% Uzss(ﬂ.)!zugith'emial heutron T{X chain reaction ©o&dH
Zlamaterial ) EHARIL T, LORKKMING =40 ¥~ TREET 5. € 5 LTH
k%ﬁf%kOpmnfwhny(%o@)&ﬁﬁé&xﬁewﬁiuafébmﬁﬁﬁﬁm
factory #Do< T, pion factory s IhyMmhERIKTS EWOTHEELS D
BLo, thid (I)~0N cik~hi, #EloEOEN, &ﬁﬁﬁﬁfz%&hﬁ'\%&ﬁ*’éé%o

W
§2.4 pion factory & L"C‘Di]ﬂﬁ%’%

BIC§ 22D criteria®d TE X X< ﬁﬁ&?%bﬂﬁ&ﬁ& LT, ko FM
cyelotron (synchrocyclotton) CidBkE T -, SF cyclotron 3 PErOMII L
f£Bc5350C L, p-linac &0 bREASE o

H'ion.%fﬁﬁ'?‘% SF cyclotron % SOC i% designffsﬁéﬁo%‘-w}&@m?hﬁ » §22
O criteri 23 XTHEL TWw3,

TRICK L p-linsc it (V) LAOITNTESRZE LT B L LBRTR (V) © daty
fumr#&brpwrfaaocokﬁ&o%<&bk§?(emk)%%éncnsaé
super conducting RF cavity 2[5 LT duty cycle % L% &R, storage ring

Kpdbemmza{bLTEFnT beem © time structure #FFB% & OHELXREIL%
Thid%z bk W, ' e

SFcwhﬂmn%&bTﬁh@ﬁm%ﬁﬁ(?bﬁ§ﬁép,%ﬁfﬁ1$»¥—©mm
ton beam% /20 trFH L, ThTORNL (& CRNL) ® 1Gev pion factory o
(73 3 ol

linac T10Mev p#2<{ 5T

10~ 50Mev @ SOC

50 ~ 350Mev @ SOC

350 ~ 1000 Mev © SOC
E=20 SOC 2HB LT 1Gev pE2 (2R EHL TR, 4BEFOETHE® ring ac-"
celerator X SF cyclotron T 68Mevo p %22 b +h#% SFHED ring accelerator
AR T510MevE TMETHL LK E 0TV B, ThIKL o TH~—0 SF cyclotron &L
REERAVAEZ2ZO0TL & (FLBRUAMNORBERB ) 23T TVhabllTd 2, .
BEOSOCES 2 UMBTwBE LY, MO LTHERHC , ERELRFRCHESHLWE
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G it T g T S

=
dg

Ebl\n, BB O==2—=2k 3 & Cananda®CRNL ¢% , USA® LASL T 3 £E % S0C &
PHTp-linac 22 B Lt VWHFHEBEIRKRALA L LW, %VC;LA,SLOPfl_inacbiYalg Uni-
versity 22 b K43TIC propose EN7dbPEVEDONWEplan T, TOBBAIEITS & blfp

nELWno,

Zurich LASL CRNL - -

ring 3—stage

accelerator linac SOC
average current (ma) 0.08 1.2 80
energy tMev) 510 750 1000
energy variable (Mev) No 200—750 | 10—1000
macroscopic duty factor (%) 100 . 6~12 100
over-all size of accelerator. 43¢ 2000x17 | 474, 93¢
(ft) g o 1579
accelerator cost (10°dollars) 7.0 20.0 . 132*
cost of project (10°dollars) . |. 21.3 55.5 . . rsTt
To operate in | 197112 1971 o1

+22

factn

structure

meson factories . . . ‘
* (100F A+ £ Fr)

§ 2.5 bea . , 7

duty fact% u%ﬁ%%zéﬁxwuctor.'caao T TERBR U desigh o
machine T 6h % (internal) beam® time structure %2 & BT <,

FM cyclotron 0.1ms{ro bearﬁ on & 20msfif® beam off ®{ h M4 L, 0.1ms @ ‘
beam O ICEICRF tructure 3 b , UCLRL, CERN, Columbia#t® SC ¢i& subsidiary
accelerating electrodes ®moving targets % & Cmacroscopic duty factor%
Y WRLT50~80% K& LTwa, L& Lmicroscopic duty. factor (I RF struc-
ture 2% % /2 10 ~15% OZICiEE 5T, RF structure ¥ 3Kk inter;i‘al
beam|C beam stacking #/@ & 23+ & 4, extracted beam#% storage ring WKAR 3
ZEO0HER WS,

proton linac (Yaleo> ¥4 ~ , 750Mev, peak current | 20mA)

-microscopiec structure. . : ) . e

0.07ns ©® pulse #: 5ns G 4 x 10°ADS T 2ms spread @




& “beam” 5.5,
. macroscopic .structure . . ot S A

2ms ® “beam” BEANEAms B DX TR B 07 n

macroscopic duty cycle X 6 ~12%,
H' SF_cyclotrop (UCLAD'F#4.> , 700Mev)

mi:cr'oscopic structure
4ns pulsed4ons B Hh 4L ZIh 3
A Wniacroscop'i‘c structare o '
constant -working

~.H  SF cyclotron (UCLADF ¥4 >~ 700Mev)

microscopic structure o
32ns pulse A 80nsBILC b4 Thbs -
macroscopic structure
constant working s ;
CERN-PS (10**p/pulse2.3sec at 25Gev) . —= JEoOEDL K —
-microscopic .structure
6ns © bunch 22 105ns FIC 20 B 222X T1 pulse 2/ 2,
1 pulse D Tk 2.1 4s.
mecroscopic structure
1 pulse/2.3 sec at 25Gev
1 pulse/5 sec at 28Gev: . -

I &bdbc - - - S : R i}
Bl ETmeson factory CoWTORBRMEG 2L 5,

KPEQMEHERE L€ pion factories CRIEMHKAREET 2T L 25 < InESE
BHICE DO THEB VO T AL bk — Lh L2 2 KR LA L5 ICEDTHMAS
BZOTHERKTIEh 2L WibltRwartWhicd ¥ X, - '

(]

21,52 2/ Zurich®.ring accelerator & CRNL © 3-stage SOCOER &R L 7%
(1967 FE#H¥ k- T, CRNLiZ =D meson factoryEriE#%.50C & »:1 Gev® p-linac
CE hhif. ) .




Layout for Zurich meson factory

shows particles available from low-and

high-energy stages of accelerator
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Layout of ING project.(GRNL)

SWITCH
g 2.3
- :i.n.j ector 10 Mev 1 i.na'c:j:"' _
;sl'iage 1 10-50. Mev OFFICES AND
- 50—3% 0" Mev CONTROL

350-1000 Mey.

STAGE

INJECTO

_________ USRI SN

A
X

—3-

THERMAL
NEUTRON
TARGET

. B ADVANGED | EESONANCE
STAGE 3'._ RF GALLERY POWER BUTRON T.0.F
oo~ - TECHNOLOGY N
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FLIGHT
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proton® & 5 KEE (X neutron 0 X 5 KHBEE ) 2B FO beam L b5, meson
beam I mesSONBR LR A B IC—AFHME O beam 2B AL LTI LOEHOBEORMN T
T (decay e ) KE->TLEH5H L, intense meson beam K Z % LBk LOHKT
¥RLIS, e SRR L S

XMEOHHMEFRBERINT , nOMEFREENTFE "ME” T2LBTERLEH LN
ERAEAETEL 5 )

Zurich® ring accelerator #¥ R L , LASL® p-linac 32 bhE5CA - Tk
R, ZEAI % meson factor E4HOME TS5, 45IC meson factor KB/ AB LA
FEEEEELHTOLChhLORETS 5, '

FREFYEICE 5T meson factory RAFARL BB LRV, EWHRER., HcE <
OHMERRO TE LMK EE LS L, PRIMAHC N 20d s TRENEIDLEDN
2, REICIRIVEZRXAX O WEKLELZL L5ZWT, meson Factory IC sym-
boliz ThZPrirX—FEROMERBELTE T LB LA N, ‘ :

1) ZO&BWIE 1959, 1962, 1963, 1966 £KBAh , ThEO proceedingsHRO

BHTH B, o , . . _

1959 : Nat. Acad. Sci. & Nat. Res. Council, publication-656. . .:
1962 : Nucl. Instr. and Meth. vol 18~19.

1963 : CERN 63-—19 |

1966 : IEEE Trans., vol NS-i3, No 4

2) 19634 Dubue, 19654 Frascati 048 Tmeson factories & b dIF b T

kb, N
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Comparison of Proposed Meson Factories

H Cyelotron Spiral-ridged Cyclotron Ring Cyclotron ‘LINAC
TRIUMF o Columbia Dubna Zurich LASL CRYL
" Bnorgy (MeV) e -soq 550 00 510 100-800  100-1000
Energy resolution (%) -0.3 0.4 o.h 0.4 0.4
Aygrt;'g';riéurtént_ (=) o T 0.l  +605-.04 0.5 0.08 . 65
Deun é&iﬁcﬂon (%) . 100 0 . 9% % 100 100
..u-ro-duty fuctor (1v) 100 50 . 100 100 6-12 100
lhcro-duty factor (#)° 25-100 25 25 25 5
Tine botween micropulsea (,;wec) 20 50 20 20 - S
!bsulbility to :lncrease energy no . no ro no Yyes © yes
Polorized besm intcnsity (ua) .o; o0.01 1 1
Do emittance _(milllmdion cm) 0.2 2 » . n n
Cost of fc'cllif.y (millions of $) 18 5 24 2° 55 175
Funding nitua’tiéli. _ Funded » Funded Pa;:i:ﬁy
Conpletion date | e w0 2 W/ 19m
'.l‘ti Univérsity .Meson Feeility, Vancouver. T i '

In the mmc, because of the high frequency of beam .cnergy 3prend. Zlimination of microstructure does
- modulatlon, it 1s feasible to smooth out the micro- mt appesr to be fuasible in the eircular machines.
structure at some cost in elther maxicum energy or

'I'bia arounts to ap: n:-ﬁnutcly $3 for coch inhabitant
of Switzerland

#®q I Compo.rison of some proposed meson factory accelerators.

DESIGN PARAMETERS FOR THE LOS ALAMOS LINAC (LAMEF)

Ion Source: Duoplasmatron - 30 keV Waveguide Accelerator:

- Preaccelerator: 750 keV Pierce-type Frequency 8.050 x 108 Hz

sliort column Structure - side-coupled shaped cavitles

T/2-mode standing wave

Alv;xrez Accelerator: . .
‘Frequency 2.0125 x lO8 Hz Hurber of tan'ks -
Currant: Peak - 17 mA

Structure - Alvarez, U4 tanks. Average - 1 mA

Tank 1 - 0.75 = 5.0 MeV ' ] .
2 --5.0 - b41.2 Mev . Duty Factor: 6 - 12 % ,
3 -b1.2 - 72.3 MeV. Overall Length: 850 m L

b - 72.3 - 100.3 MeV Peak RF power for cavity excitation 38 M!{
' " " beam excitation - 14 MW

. Total 52 y
Average RF pover (6%) T3

— . - —— - —

#£ I Design parexeters for the los Alamos Linac (IAMEF).



Pion Beam Intensities:

Pion Pion Production A Positive Hegative
Energy - Cross Section® Pion Decay Pion Intensity Pion Intensity
(i4eV) - (cm®/sr-MaV) Distance (ft) - (per Sec) (per Sec)
100 20 x 107 3.9 2.8 x 10° 5.9 x 10'
200 - 25 x 1073° 55.5 2.8 x 107 5.9 x 10
300 50 x 1073° Ts o6 1.1 x 10%° 2.4 x 107
500 20 x 10730 93 4 7.0 x 10” 1.6.x 10°
so0 . 5x10° 111.6 2.4 x 10° 5.3 x 108
Conditicns:

1l mA average proton beam = 6 x lols p;o»ons/sec at 800 MeW;
18 g/cm Be target;

3 x 10 -3 sr pion channel aéceptance,

bp/p = 6.7%, total momentum acceptance of the pion channel;
43-£t channel length,

Values calculated by Los Alamos Monte Carlo Cascede Code.

Toross section for negative pions taken as 1/4.5 times that for T
ratio calculated by Cascade Code.

$% T Some kinds of pion beams achievable with 1 mA of B0O-leV protons.

Muon Beam Intensities

Positive Muoh Beam
Intensity per Sec

Negative Muon Beam:

© Pion Mean Muon Intensity per Sec

Energy Energy 52-Ft 100-Ft 952-Ft’ 100-Ft
(MeV) (Mev) Channel Channel Channel Channel
100 68 2 1x108 1.3x10® s6x107  2.8x10
200 162 12x10® B.ox1® 26x1% 1.8x 108
. 300 240 3.2x10° 24x10° Tdx 108 5.2 x 108
KOO -~ 320 1.5 x10°  1.2x10° 3.bx 108 2.6x10°
500 400 b3x100 34x10° 9.6x107 - T.6x 107
Conditions:

1 mA average proton beam 6 x lols.protqns/sec at 800 MeV;
30 5/cm2 Be target;

: Solld ‘angle acceptance = bk x 10 -3 sr for 52-ft channel; 3 X 10'3 sr for
‘100-ft channel; .

" (8p/p),
(Ap/p)

F = probabllity of muon remaining in channel = O 15 for 52-ft channel
and 0.10 for 100-ft channel.

momentum acceptance of pion channel a‘ls%i
momentum interval of muons used at output = 25%;

!l

#] N Some Kinds of muon beams achievable with 1 mA of 800-KeV vrotans.
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