
SUC-PUB-2SS4 
November ltfSl 
(T/E/W 

SLAC-POB—2854 
DE82 010766 

TOP SUC UHEUR COLLIDE* 
TH£ HMBIKS, TRE PHYSICS, AND THE nnURE 

by 

Burton Richtar 
Stanford Linear AcceLtntor Center 

Stanford University, Stanford, California 94305 

<Hiis K ( « R amcmrtaM lactwea given at the 1981 S U B O M School on High 
Ettargy Particle Accelerators^ Feral Matioaal Accelerator laboratory, 
Batavia, llllnoiB, July 13-24, 1981, and at the Annual Heating of the 
DIVIIIDD of Particles and Fiaida of eh* APS, Santa Cru*i California, 
SeptjBfecr 9-11. 1981.) 

NOTICE 
PORTIONS OF THIS REPORT RRF. |LLCBtt! ma 

S3 It has teen repriced from fh» 
oooitefeJo ©opff to permit (to tvaeatacQ 
paaoaao auafffaQHSfy. 

I5>rk ovaported by the Oaportmnc of Eftt-rgy, c o n t r a c t DE-AC03-76SF0O51J 



-2-

I. miRQWJCTIQM 
Vrogreea In particle physice has always been closely connected with 

progress in the development of oe.rciele accelerator a, M accelerators 
lncraaae In energyi experiments which probe the structure of matter and 
the forces of u t u n « a deeper level become possible, the new exoertnen** 
end the theoretical effcuc wide to understand then* new remits in turn 
raise new questions. Eventually these new questions become such that they 
can bo lowered only by experiments at higher energy requiring new ac­
celerators. 

As a result of the experimental and theoretical, work of the last decade 
• new synthesis, is emerging* &> the new view, the week and electromagBetlc 
interactions are Mcplained by gangs theories and the strong Inrwsrtion is 
explained by quantum chromodynaaiea. Grand unified theories are trying to 
combine the weak, electromagnetic and strong interactions into « dingle 
coherent picture. Many varieties of new models exist, seme of which predict 
quite different phenomena in an energy range, eat yet accessible. Xt is 
now the turn of the accelerator faulldars to provide the new tools required 
to test ehi nev models* 

Thi next machine in the electron-positron colliding beam field is the 
LEP project now under design and soon co be' under construction at CERM. 
This machine uses a traditional technology — the electron-positron col­
liding beam storage ring. In LEP'a first phase it will reach an energy of 
about 100 GeT in the center-of-oass and In' the second phase, if mipcreoBdoce-
lng W ayateos can be successfully developed, it will reach 200 GeV. 

It may seem strange to be asking now what can be built beyond LEP, but 
we must atart asking that question now for the scaling law for electron-
positron storage rings are well known and I believe It i« very unlikely 
that there will be a much larger machine of this traditional type. 

The sealing laws for any type of accelerator can be derived by taking 
unit costs for such thlnga as tunnels, magnets, vacuus chambers, power, 
3F aystems, refrigerators, etc., and combining these unit costs in a set of 
equations constrained by the desired physical parameter* of the machine. 
For aa electron storage ring the Inputs are the required energy and the 
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Mqutrti lue laos i ty . and tht principal constraints cose froa the heam-
basal lAUraetlOSf Od from the synchrotron radiation lasses of the 
ClXcuUtl&f be*BS. For example, «• Che radius of th« machine oC * given 
wane lAUajj t f the coats of magnets, tunnels, vacuum chonbers, e t c . , 
l U T t u a , but the cost of tbe HI power to k*e? ttw beams circulating 
dtesctfie*. Th* cost equations have a vioimuBi and the value of the radius 
ar tht minims defines the machine. 

Iha results Of Che ala ls lzat lon procedure give a ccaling lav tar 
Storage rings scab that the cost and radius of tbe machine wi l l be propor­
tional to th* square of tbe center-if-mass energy. 1 The constant of 
proportionality dipends on tbe technology used - - i t seems to be s l ight ly 
•mailer for superconducting Rf systems than for conventional RF. Houever, 
th i s 1J sot yat clear for no large scale superconducting RT system hi. 
baas built as yet. 

Tha UP mffMrni at CSBB designed for 70 * 70 GeV using room tempora-
tura W la aatiaatad to coat approximately 500 mill ion dollars and has a 
CllCiafart&ea Of 27 kilometers. Tbe Cornell preliminary study of a 
50 « SO QeV mafialne using superconducting RF eetiaates a coot of 200 
a i U l a o dollars and a circumference of about 6 k i l o m t e r s . 

tfa can us*1 the Cornell estimate to scale to a next generation large 
HCbintt Gives the growth potential of LEF, a follow-on aachlne would 
hava an energy of between 400 Ce7 and a TeV la the ccntor-of-oauo. If wc 
take 700 Ge7 oO our denlgo goal end scale frra the Cornell east entimate, 
VO find that the cachina wi l l coat 10 b i l l ion dollars end hove a circura-
foresco of 300 lillocatcra. These cnorcauo aunbera vouid lead nast people 
to quant ion the f iscal fe&nlhllity of ouch a project independent of any 
technical problem]. Prediction to ,i dangerous thing, but, given the 
asalina lewo, I teal fairly oafe in predl-.ctng that LEF v l l l be the largest 
cad tba loot of the big electron-positron storage rings. 

If the. v i sas that Closhov espoused a fev years ago vers correct, that 
ttSSfe ua& eatblafi bat a desert botucoa too caoo of the Z° cud the grand 
CnllloatlBO QQ&1& of 10 CoV, we probably inroLd not corn i f there wore no 
follev-aa to tEP. However, ctneo tbe f i r s t f lu .h of enthuDlnon for grand 
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unifieatlon models, complications have turned up and h*v« led. 44 4Uch hy­
potheses SB technicolor, hypercolor, flupcrayaoetrj, composite nodals, 
e t c . , a l l of which predict new phenomena at an energy of around ten t l M i 
the LEP energy. Electron-positron machines have been enormously productive 
In the last decade and are, I bel ieve, the best type of machine to use to 
investigate the physics of the TeV region. The physics need Is a l tar , but 
If the cast problem i s such that wo cannot go. on huiLo.«nft bigger atOCSge 
rings, we have to find another way. 

Finding another way has been the story of particle accelerator! for 
decades. From the Cocbroft-Walton generator, to the Van da Craaff, to tht 
cyclotron, to the weak focusing synchrotron, to the l laac, CO tot Strong 
focusing synchrotron, as « particular technique reached I t s technical or 
f i sca l l imitat ions , a new way was found to go on by using a new technique 
of particle acceleration. 

I believe the same thing wi l l be trua with electron-positron coll iding 
bcanG and I bel ieve th*t the new technique which wi l l replace thss i daVlCSI 
i s the Linear Collider. Linear Colliders are, la essence, two l inear IC-
eelarators f iring electron and positron bul lets at each other with SO 
attempt made to reuse the spent beams after the co l l i s ion . Ttiafet deviata 
have different scaling laws from those of storage rings. The luminosity 
o* such a machine, under certain assumptions about the besn-beea interaction, 
Is proportional to the power in the beaa and independent of the energy of 
the machine. Thus, for a fixed luminosity, the cost of a linear col l ider 
scales ao the f irs t power of the energy rather than quadratlesUy as in 
a storage ring. Eventually, a machine with a f i r s t powar scaling lav BUSt 
be less cos t ly than a machine with a second power scaling law* 

The SUC Linear Collider (SLC) wi l l be the f irs t of this new type of 
coll iding beaa mschlna. Ic has been designed with two goals in mind I to 
develop a new colliding beam technique, and to produce a f a c i l i t y capable 
of supporting a strong experimental program in the energy region around 
100 Gev where new, weak interaction effects arc expected to becoee aanifaet* 
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XI. A BRIEF DESCRIPTION OP THE SIC 

SIC i s rtmgwufl to operate at energies no to 100 GeV In th* 
systea with a iMdacwity « 100 c«v of e.S * 10 ca • . 

The sola eoaao'ieBts of the project are an energy upgrade of the SLAC lloac; 
a transport «yst*a fro* the and of the linac to a snail-aperture aagnat 
rlag; t ie aagMt ring ltaelft a special focusing cyseea aear the interaction 
point; the necessary bousing; an experiseaul hall and staging ana; a high-
power positron-production target) a positron booster; a transport lystab 
froa the positron target at the ewthicds pots* ©£ ttn iiaae bach. t» the 
Injection aad of the llnac; a DJV hlgh-peak-currant electron gun; two small 
storage rings to reduce the eslttancea of the electron and positron beans 
by radiation daaplag; pulse coaprsssora to reduce the length of the bunches 
la to* atoms* ring before Injection into the llnac; and the naeasaery 
InatxoBHttacloa and control systena for both the llnac and too Collider 
eystau. A seoosatle of the coap]*te syetea la a n n la Fig. 1, iod Table 1 
awarrtraa toe tsaurtsnt pazaaetars.* Since the Collider is a new kind 
of attain** • typical operation cycle la described below. 

The cycle begins Just before the pulling of the linac. The electron 
aad positron deaplog rings each contain no bunches of 5 * 10 particles 
at an energy of 1.2 C«V. Oao of the positron bunches is extracted fren eht 
rtsaptoi rlngi pastes through a pulse compressor which reduces the bunch length 
f roa the csBtfcmer typical of the storage ricg to the alllisoter required 
for ran llnac* and la then injected into the llnac. Both electron hunch** 
a n extracted froa the electron damping ring, pans through an Independent 
pole* caapressoT, and at* injected Into the llaac behind the positron 
nanco. The typical apaclng hetween hunches la about IS oaten la the lincc. 

The three bunches are then accelerated down the Unite. At the two-
thirds point, tho trailing electron bunch is extracted fron tho linac with 
a pulsed magnet and io directed onto a positron-production Mr Got. The 
positron bunch and the leading electron bunch continue to the and of the 
Hue , uhare (hay roach an eaaigy of about 51 CeV. 

At the end of the linoc, the two opposite-charge bunches ore separated 
by a DC G=(uiet, pass through a transport oyotoo which notches ths focusing 
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Fig. X. Schematic layaue of the SIX. 



-7-

Table 1 
PARAMETERS OF TEE SLC AT SO GeV 

V .Interaction Point 

Lvaiinoilty i n 3 0 -2 -1 6 x 10 en aec 
3 * 10~ rnd-m Invariant Enlttanee (* **Y' 

i n 3 0 -2 -1 6 x 10 en aec 
3 * 10~ rnd-m 

tlepmtitlon Race 180 Hz 

BCDB Six" ( o x - e ) 1.4 nlcrooe 
Equivdtac Beta function 5 O0 

B. Collider Arcs 

Averaf* ladiu* 290 n 
Focuaise Structure AC 
Cell Length 5.2 m 
Betatron Phaie Shift per Cell 108° 
Full Magnet Aperture (x;y) 10; 8 oa 
Vacuus Requirement <10* tore 

C. Lime 

Accelerating Grtdlant 
Focueinj Systen Fhaae Shift 
Susticr Q£ Partlclee/Bunch 
Final Eoecgy Spread 
Bunch Length (a) 

17 MeV/m 
360° per 100 a 
5 - 1 0 1 0 

±1/2! 
1 C3 

DatrplnR Rlnno 

Energy 1.21 GeV 
Kucbar of Ounchca 2 
Dccplng TIco (Tranoveroe) 3.059 ao 
BattLtron Tuns (TUV) 7.23; 2.78 
Ci re inference 35.27 a 
Bead Flold 19.812 kCmioa 
Final Ealtcnneo a <J' 2.1 • 10~S tu> 
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of the linac to that of tha main Collider ring, and then begin to travel 
around the ring In opposite directions, losing about 1 CeV each In syn­
chrotron radiation. The Collider ring is composed of small-apeetura 
magnets with very strong alternating-gradient focusing, which la required 
to hold dovn emittance growth in the Collider arcs. After emerging from 
tho arcs, the bunches pass through an achromatic matching and focualng 
section which focuses the beams to a very small size at the collision 
point. 

The positrons produced by the electron bunch that was extracted ac 
the two-thirds point of the linac pass through a focualng aystas> at the 
positron source, a 200 IfeV linear r.ccelerator booster, a 180° bend, and 
an evacuated transport pipe located In the existing linac tvinos 1. This 
brings the positron bunches back to the beginning of the linac. At this 
point, tbs positron bunch passes through another 180° bend and is boosted 
to an energy of 1.2 G«v in the first sector of the existing linac and i* 
then injected into the damping ring. 

Because the soittance of the positron beam is very much larger than 
that required for Collider operation, a positron bunch must remain In the 
donning ring for approximately four radiation damping times, which cor­
responds to twice the time interval between linac pulses. Thus the positron 
bunch to be used in the next linac cycle is the one. that Is still stored 
In the damping ring from the previous cycle. 

Electrons for Collider operation are produced from a special gun 
equipped with a subharmoaic buncher located at the beginning of the linac. 
Two bunches of electrons are produced, are boosted to 200 KeV in a dedicated 
section of linac, and are then injected into the same section of linac used 
to boost the positran bunch to 1.2 GeV, At the end of this section the 
1.2 GeV electrons axe injected into thdir own damping ring. The electron 
bunches at the time of injection into their damping ring have an erittanee 
somewhat larger than required for Collider operation bnt considerably smaller 
than the enittance of the poBitron bunch and thus need only be damped for 
two damping times or one lnterpulae period. The entire cycle repeats ISO 
times per second. 
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Ttaa baaa fraa tha auction n m ujr to poiarlxtd to ualaf * ttilt-

afcla UMr*i*fcalMttd KBlesadiiECoT pbateuilied*. Wnt*it tht llaic 
p f u t m i tin lm|ltudloal ("luluclgti at tto t lMins Ma , •paelal 
teasapert tytctu w* nqultad at ch* dasplat rtn» to atiald dtpaUrliatlon 
at tba ton. Tbl» l i acemplldnd by apla rotating aalanald* fa thl trans­
port U and (re* ttw rln». lo tba Hot, ttw apis u Bad* wrtleal n It 
ta allaaad alooa Iba aaguUc field dltactlw «i tha Mat dlpolta. Ttn 
caLaaaldi In tin tramvin faaek tj tin Itsac provide tht central ta 
praam tto. ipla to ujr daetrad direction, chareby Ittdlltl to eon t re I g( 
tht solertiitios t i l l at the iGteractiea seut. 

tha antra/ ef ttw SIC <u ba laereeatd, should chat to daaired, above 
tto Initial dWl«T> «ala> of 100 6*7 to addle* i f pom ta tna Uaae. Tale 
•aartblllty L* as SarsRaax aafato fatter far tba wptrlatni-al eteatca 
PTftfXta, fa* (to Xv aaaa, aMen aaca tto ewtiaJ acalft at tab ateblne, haa 
Be* fat t«M dntralaed aad tba tiMaiadcal aaclaatM «f tbla aaaa haw 
baaa lacraaafa* «nr tba rati*, lb* alasUtc aad anat "brat* fared" 
taebole.ua ta Jaertaaa the «eify la ta aacrtua the Bieabar a( Uyattane 
faaMaa, tba Una—4aubltnt the nuabat al hlfattune lacHaaal tha aaarsr 
h* a factor at I.*. 

Ui. m TSSOB n AtCDiunm mraiet 

1ta> aew arabUa* to acttlaratar etoetc* *Mdi wlaa la (hi HC <aad 
ta linear aalllaara la eanetal) ata aauiad br tha latafitf loa af ch< 
relatival* U<(a chart* In tba elmtres. aad vaalcraa buMtm vUb tta 
aeealataur itfuatMra, asd h» the vari etteni (eoapartd (a •tariae rln|>) 
btaa-bto l u i t u t l w that aenirt it the eollUlm point, lath at then 
sreblaaa han teen Lnvtiti*>ted thiomleelly iad th> bue-icnltracer 
Inltraetln It stint Uivertleaied acpirlattitall* in tar UD arttraa. 
la thla aaetlab botb of ttota alfacta art Jtacrlbad. 

a. tta^Lfaac I««r»e^l«M 

tba alacstao aad foabnaa bamlma in tto SUC an aapacttd to mtmtn 
1 • 10*0 parUclta la a Ho»la I bud bmeb uhich I* item 1 aa lout, ibt 
biaubBa *r* atovt 100 tint• fan Intmit than tht bunebaa that art 

http://taebole.ua
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acc*Urac*a la o a n i l *pctacl«n at the H u e . Ac t M i V B J i n n c h u t * 
fit sunsh, *pM*-«hare« ' » c a t>ut ere a s n a l l r T i i f l ig lh l t cut M U M t h l 
t t f i c t l i i * u l t t a n c * « d *01rgy wfit*i of p i r t i s l o bunch** « t e w aa they 
p u t chuutfl th * Linear * e e * l i r * t o r . TMe growth nwe h* l ln i tod b*CMM 
Ch* huneha* rat b* facuaed' cs a 1.4 o U n n r a d i w apot ac tha eali lalDB 
peiat. The prepare!** of Che ten-optics which fseua the bunch** ban* bam 
eheatn on t h * aaauaattaa Chat the enaru apraai ol the par t i a l * Snath** 
Waving tha Unfit ataclarator la i Q . i * and chat ch* • f l C M i v i i a i t t « s i 
of th* bunehai la S • 10* ridlaft-BseiEt. 

I t t i i i lapla aaitec co jcootie* • l m ~ i n t w w l t v b a n a a a t d i a , t U t 
ipae i l tcat lea . A* tha eitraeat U iflcriaeed, bavevar. the aattt ince and 
• H a r p «pxead a f t h * baas m i l f tJ»- Tte BflBaaan t u f i o t aMea CaB a * 
accelerated aaajacc te tb» eoollclaui a* aaa iam n o l i JaHttaace Bad 
aaarp apread l a deaafflfaH by tha epaaa caara* ca i iua l • taaara* which 
a n Ulnar ail 

tha apicr-chlTi* ef face* wfitcD a n laeortane beta ate ch* haad-te- t i i i l 
typ* vhlea, C M qoaan ts p a r t i a l * acGalantexa. Tha leading patclclaa aft 
ch* bald af tlia bunch l a m behind flalda (waaa f i e ld * ) la cbi U f l M M 
•truccuc* chit act aa par t ic le* which, fa l len l a the t a l i of t h * bunch. 
4ae* eh* d l u r l b a t t c * of f U l d e which a alajjla pwctc la leave* baMad l a 
hnsw. I t U < atcalthttotvaxl aeetar te uaajina ch* apaea-chafi* d lania-
Claa af Ch* Maaabla of par t ic le* tAleh caaMl tu t * a taneh. 

A n cm)** af vaki f i e l d t r a i l bchlad a p a n i c l e paaalat thnuak ( a * 
t i m e W a t m t u n , flu/M l i i I ' .tfLtiHtiatl wika -which d t e i l i f a t l * and 
i t n i r a n i w i l l «Ueh d*f lectt. par. te l le that follow. TKi laniUudtnal 
v i k i ( la id drptndi anlw an the .Mount.., between cht pa t t l c l * | m r i t l n | the 
v i k i tlcLd m i the p H t l e l * upon which cbt w i n Field acta, t h * tretiavartt 
vaka f ie ld 1 * cat* taaplteatad. U k a tbt laacltudlnal rnka t h l l Val* 
depend* ea th * d l a t a u * between tna particle, which aneratea I t tad t h * 
par t ic le a* which I t acta. I t ( • alaa itepDnaeaal to taa a ia taat* batmen 
tba pack at l a * m u a t t f t f t p a n l c l a aa* t t a a>naatclcBl caatat i l a a af «•» 
l inae I F c v t l t l a * , bat l a tBdaranaant «f tha eraaavare* paalttoa a t the 
• a t t l c i a n which I t acta. Th*r* are ether b l t h i r ordar waka f l a l d * uhleh 
dtpaad M I lilahir pevar* e f the dlataae* batvaea tha path af cb* | n a r a b l B | 
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* M l«UMiUt r u u - j as* «r» n t * at tka W e a r t t l n , bat tbtaa rialcw 
axa - < y ™ » * J aba I T U M att l lMtlaa. 

tha t n s f t n M wata l l i l d that C M H I I I O H A 1 * tat airaetiva traaa-
w u aaittaata «( t in beach** and tin loailwdlnal vU« f i f U Due u i rn t 
ejtaatb l * aaacif «#M*1 A t t n <* ibaif 4*.xa*»»w aa » * ( W a n t w w 
th* lndlac HRlcto that • mania* Ik* aab* a d cha ftUastet Dartltla 
that U Mttd «* by tn> f l a l a . I te tba i m * «f bo*sh InfCa* atstoarlat* 
to the GoUld**, tb* t i u m w a*ke lncraaan irt t* tBcraailo* aaiacatlon 
batmen tba partial*:*, whil* tba t M | l l u d l u l vak* Jatrtaiia. Far thla 
t tuon. th» apart? *pt««4 laerMan vbm th* buath la w4i *twn«r, uhllt 
tha U I I I I H I H alttaaca traath g*er*****- flw boob laaat*. vfafvh i> • 
coamtLUbl* n w w m . a«*t ta dHMB w b a t balanc* thaw M •**£*-
•ebanjt «f fasts, tot tjb* ptattfit CaUlaax a*t*a*ta>* t * Q ton ln bsneta 
vtth * t a lagth o( 1,0 wllUmu» i * coaaictaBt Kith tin aeecUndon 
« M « 16 SKttoat/tsacb v l t * MM r*qalra« Ha l t * « ta iny t inad and 
ttanrvini t B l l i i u i . 

lb* affect of tlw ImtttudlnaL aaka flaldi t* ULutn iad la r i | . 2. 
Ifc* upper pirt of (ha fttsrt ahem th* dlatrlbetloa of tharc* la tb* buaeb, 
aaa tb* loam pan ahem tht dacilnatiBi vak* tatafrnaa o n * th* l«n|A 
of th* Ilnat. Tat large oatrtp let* of m partial** M i r cha n i l of iba 
tuach en *» partly CBasasMtid bar leailauclst iht boats atitad ot m i 
traat of tha W viva In tb* llnag. rartlelai IB thu ta i l of tha auath will 
r a t a l " sen aoarijr chu I B * M at th* haad froa tha aila W field and 
tb* n o g( (ha aila f l * M and tha tub* flald give* • * tear*? " -» •< of :0.JI 
at th» cad of l u l i iuc. 

Th* afffittl at tha t r n m r u wax* flald can ba gaatrelln* br t latrwa 
C M t>iu ia thai It I t d e t l ta ttn eaatar Llni al ih i icesltraior (hut 
alnloit lm tba i l i i « | th of thi flaldi ind by uilai a tt»htly tseuMd eua-
4*v«** i a t t iM w tba Uaat , thu* «l»tolcinf tba aol t tau* anwtti fma 
a ii«aa ttak* tUU. ft l» t l w Mtotaatr ta fafact tb* baaa lata tha 
lteae with a w t f aaau liataaim at haa batattaa antlwi. 1 U i eaa ba 
«eea*9ll*ba4 bf tnatMcal t«al*» »r tajacrtoa eanatlaM allot aBUtaoe* 
ttctccttt at tha tad or tb* llaat aa aasltar*. n i l * prstadur* ha» btan 
t tUc aticcaaafiilla wttti gbatl trait* of buncha* durln| accaUratat phralci 
aaparluata. 
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Wth proper ottering * a d injection, tha eaittaaca growth It dacamlned 
%f i*» saadosi wlnl I g i i n f of ths sections of the sccslsrater. Figure 3 

the redaction la lonlaoeley «t the SLC cnlllson point arlelag Iron 
ittaaco growth la the Usee, n n i a the r*s mlaaUfnaaat of 

the llsac sections* Tha liattnoslty calculated for tht SLC easuae* * 100 
•teem rms alaallgaat&t. 

Figure 4 shows the results of a eonputer steolstioa of tha affect a 
of t*n transverse vaXe Is « •Issllgnsd smchlae. The position of Che 

of wHoua s l t e u through the bench are staan 1ft it • x* phasa plane. 

Interaction 

collider* acMava a. high londaoaley by focusing too bats 
to • vary snail six* ee tho collision point. Is the SLC the very large 
cbaxgw snd earreat densities at the collision point glvo visa to «a effec­
tive fftett to tot baas of tha order of a sntstuss . For the psraaactrs 
of tac SIC, ana beta looks to tha othtr beaa like a asgnetlo lens with a 
feaal length of about i as! This strong focusing action results Is t 
sntnal pinch affaet that ess significantly increase the chant dsailty Is 
tat collision region, Increasing ths luslnoslty over what it would bi In 
tan ahaaaca of the bus-bass affect. 

* holltbaafc bss dons s 3-dlnsnsion*l consular siaalatlon of ens pinch 
offset** lavs strength of the Interaction Is asssored by s disruption 

OSSUSJB fos sound 

T 0 t 

* s ant o am the lesBitadianl ssd transverse standard deviations 
qf tjM bunch, f i s the focal lenses of the nagnetlc leas farad by one 
oaptrtexbod b«aa as seen by n alnale particle se sosll dloplaceoent la 
tns other bees, H is chn nuabor of particles In the bunch, r # Is the 
elasaiesl electron rmJiua, and y la ths energy in electron cast asss units. 

Hgam 5 sbavtt en x.i projection of ths p&relcles In ths s* and e" 
baacteo daring eha collision. Ko the bunches approach each other they are 
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100 

< d 2 > ' / 2 {pm\ 
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H K I " 

Fig, 3. Tfeo ltainosity r««luctlea f«e»r R V«SUB th* mitaitgnaeat 
totftra&ei »f the aeceltratcr pipe <d2>l/2. 
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•3xlO"'°rm 
Angle 5 x lO 1 0 Electrons 

- v/<d^>"OJmm rms 
Typical Case 
After Tuning 

\\j rm 

Position -1.0 

f i g . 6. Tha trunovcroo phase space pooitiou of chc contor ot various 
ol lcas alone chn bunr.h at SO CeV after coplt lcal cunlos of 
tho injection coodlclona. 
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tanaiaa to bath Itaaailaaa. *a tbty b*cia to o*»r|a», (ha attaat tottm-
lat »((•«« at tn» twartaa* iBtirictlM bt|ta* ta I ICINH tb* tbaraa 
danaity a lut it* «t». M th» point at uxiau* vvailia, tht caattal 
chana tfaaatty la trtatlr ineraaatd. Ifa* h n finally aaaatatoi bma« 
baa* atxaaft? 4tanpt*< b» d a celUalon, ta tbia aajaaala tfea H * a t a w 
aaaLa la atf* than a* artar of o«|Bl«u»a lataac ehn baton tht MlU*l<*. 

DM piacb aftaet tneraaat* tta* liBdsa*ltj>. ant thii t> tbaaa noaml-
utivtly ta H»- •- tar* the loatamlt* aBbawraaaat tac >r (tb* tatlv ot 
oa actual labtitnatry tMolaMna, th* rUah u tbo laatoatUr «h»«h "P«M 
k m baaa attatnad tilth as ptath) la alattaa afalnt tb* 4Un>f loo p*r*>-
atar. 1ha aab*ac«a*at (aatar Mt«rtc«i •« about *ti fair a diarvatlen 
attaaatai af two. rat Urfar v*l«a* O( 0, th« t**a c n u aacctaa aaeUUt** 
«utlnt cba ceUuiga aat vo furtbtr taatuw ta tha «aaa chare* aaaottr 
occur*, fba tie «jat*Ma « • < •)«*. 

Iba laatth to dtasieat ratio «t a bused at *ht aalllalo* ralst U 
about 1600/1, »er tbli lata* ratt*« est anit tarry about eltaaa laitatui-
t l u . Malay «ad la** at Uwr«nr« Uvataau Ubanwctoa bam avtlttaA 
en* si tbtir alaaaa aatfat ta bnlla Iba axtrina raUtmulc cat* aad 
find a* lateabUlif yratlfta <p ta a tMlua af B aj 44 <t*a batatia* 
eacUUtleu at 1 put id* to tb* f Ills' af tht ethai baaa). 

Balltbath hia alta atuUal tb* alfaet al •tialltnMau and <latf* t*> 
itfBltlcaat nductto* of tb* Ivataatlty ' " txaaavatM offaatl of up (• 

w. umnmnr, HUM UB outer irwi 
lb* laauwalcy »f tb* tie at i n Car la tb* cB>t*r**(-aai* <» 

aaaacta*- 10 U *.J * 10* a ' 1 a' 1. Thlt twlooilcy t* Utaar tbu U«t-
caton la our •'•alt* Maori of Jima UK, f«r Ha ho** aw race***'**' in eti* 
t t i l p el • llsal fotu* «]fitn with I* • M ca aad bar* alia lakta 
rrspai aaetiM al thi bas>bau latarattlpD^ 

Iba able* ft tb* taalooaltr CUM* **r*u* *aarmj {ria. ') la datar* 
•taaa by th* tnatvla* of aMakatle (latlst uut tnaawtaa aata ttxH* 
*ff*ct la tba llnao qoiattB fluetuttlsn* IB tba arntbrattm eadtattaa 
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aalttad la tha auaaata that brloi cha aua* fcoa tha lloae to tba calllalon 
point, and tha b i « haia latatactlm, Aa tha aflataj a n n u a l fraa Ml G«W 
baao, tba ituaacua fluctuatlaa affacti daenaaa aad tha tT*a**a(*a vat* 
af facta I K I I W , taaaltlag ta • fairly f la t l iaUwtlcr cava. aae»* 
» Catt/baas tba anotis affacta tatls to doalntt* and th* InfaMtey 
h-tlna to drop, raaebisf. aioot i n of I t * SO CatSb«u ** iu* at 
It CaV/bc*a. 

Hat totafratad Iwlaaalty aaaaetad par »*»* to ebiaload ataalf 69 
anltlplyias cka saak ImaoBatey fry Clta tlaa tt «( tha Uoaar Mdataracor. 
lAdndlai an i l lMMua fat tha ( w i t o n af tb* t la * A l t C M HUeaaaly 
ba aapaetad to pa aff i t laatly uaad far data taklof. lb* afloatl** M> t h " 
ILC la eiata d l f farnt fms that la • atotatt t * a | , vatta aa addlclatm 
J a m l m tteut BUM ba addad M tik* K t n i U of t in dtexaan la liailaaalc? 
caund by tht daeay af lha atarad ana u i m a t . and of tha t la * *p*nt 
l U l l a , tha rU«- la atactic* ( f t t t t , K T U , *B*>, tha affaetl** IINUBB-
alcy * * • atacat* «*»* «*at «*- Jttitaail by atoac • faciei of tafaa <*• • 
l e i paak aalaa. 

•a aactaiM tJM aattly lmtafrasad l iWwal ty of tha ttC at tbja aaamxai 
1?* aaak. TO ba 

/ * dl • I « I d " ea1 (2) 

Ibla u l u * ia baaad aa tha tatuaetln at 40 vcaka par yur at Llue 
lunnlnj tlaa tad M I *fiac*.lva data-ttklai t la* <eb* JO* dara«l«t factor 
la aa aconac fa* (laa apam oa Mat tM phy*l£*, oa achat- taaw af taa 
llaae aath aa atora,* lla*, f n u . aa teaakdoaaa in tba iimilaaaTa. ace.), 
lha vastly icaaaalata* aaatar af atrattta at tba ^ oaah aaaU ba 

T(I*> - *,J • 10* par y*«r <» 

whan am aaauaar) tb* Btaodairi asdtl valua af 1 - 4S0O, irtilch Isslud** 
Mdlatlvq corrtetloe*. I f (bar* M M 00 1°, ualng tba known * t r » | t b 
af tba oautral-coriaoe w*ak laiartMlHU it* would aapaat t Co ba ibeut 10. 
and tba yaarly actiantlatad niabar af m n t a wotiW ba 

tfyjp - • ) • TOW far yaar <*> 
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tbe energy spread In the SIX Is donJnated by longitudinal wake-field 
•fftsca la the llaac. At full 3vtdr.«slt7 she energy spread In the llnac 
beans la about S0.5Z (aaeh bean), quantum affects in synchrotron radia­
tion funs the banding atgnsta contribute negligibly, and the synchrotron 
radiation emitted la the boss-beat) collision contributes about ±0.23 
(including the effect of thi luminosity enhancement frma the beaofbaan 
pinch) t The center-vtaass energy spread is 

^ , W » » 2 M 0 . Z ? 2 3 1 / 2

a . 0 . 4 i t , (5) 

Tor special •xperiaeats, such • • a precision neneureaent of Eh* I* width, 
the energy spread «an be reduced to aoont t o . l l men a Inns of a factor 
of three to five la liaadaoslty. 

V. nCSlCS POTEHIIAL 

* largr literature exists on the physics potential of 100-CaV «"V 
colliding seaaa.5 Is this nation we shall not atteapt no exhaustive 
review of al l the jassies thai one could study; rather, we ealeet a few 
topics that shov what the 8LC can do in son* standard, and not-so-sts&dird, 
oipeTlaenta. 

ft. Tearing the Standard hndel 

Ooca the f aaaa can b« reached in electron-positron collisions, a 
series at wety precise tests of the standsxd SU(2) « U(l) theory ess be 
node, and the one free paranwtert oln B„, can be •ensured to an accuracy 
of a fev percent or better. SfapLy finding the z° peak atran-iy glwe 
ininrtutlon on sin fi„, f«vs X, and fl„ are related by 

Wj - 37.) G«V/slaeu cos6H • (A) 
X 

With Din By - 0.23 (present errors ore £10*) extracted froa polar*ted 
electron and nautriito experiments, and using loueot-order formulae, 
(t, •» 90 CeV. Higher-order correct ions shift the mass upward to ~94 GeV. 
A neafiureaent of h^ to SO.3 GeV from the radlati-'ely-slceued event yiald 
vorsw energy curve gives si» 2& t t to ±0.0015. 



an independent and very sensitive aachod for daearaiolag «ln 2« s 

fioa measuring the vector coupling of the 4° to charged leptona such as 
the noon, alace the VMtor coupling, with the aaelgnaent of fernlono to 
left-handed doublet* and tight-handed alngiets* Is n_ « (l - 4 sin B u ) . 
As sin 6y It elose to 1/4, By I s smallt its deviation fin t e » thus 
yields tha deviation of sin 8„ from 1/4. 

More specifically the front-back angular asymmetry in e a •* u u is 
proportional to 

• ft u u 

(•tf * i<f ' (4) 2 * («£>* ' 
This asvnetry, being effectively quadratic in d m snail anantlt) 
•B " ftp " ay t *• oaly * f w percent at the 2° pole. It also baa a rapid 
energy varlacloa, so that ufalle it la possible to determine gu and hence 
sin 9 y accurately ehi« vay, it is difficult and probably entails running 
at energies off the I peak where a» jnnetrlea ate large but counting 
rates low. 

With tha longitudinally-polarized electron beam availalln in the SIX, 
the nana neaauceaent beeoaea ouch easlet. An electron of definite hellclty 
pit luces a 1° of definite heiiclty. in which ease tha front-back angular 
aayaaetry becoae proportional to 

OS) 2 + Mt 
This la «ffestively linear father than quadratic In gy - g£ and Laada to 
an asyenetry of lOX u 201 at the z° by reversing tfea longitudinal polari­
zation of the electron bean. Tha cross section dlfl>.r«ucs is proportional 
to g^ t!< ?hla !• true not only for the total cross section but «lao for 
any partial hadronic or leptoniu cross section; thus, o wsasurenusut can 
be made using any kind of detector (crlorinuter, ip•rial-purpose, etc.). 
'.he expected asymmetry Is 10Z to 201, and this type of neasvrenent Is 
unique to polarised acorns, 
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Looked at the other way, the mien asyonetry and che electron cross 
section asyemetry with polarised beans are elegant vaya of dotemlnlag 
«y/g? end g£/s]!t •*!*« can then be cheeked against the foraulM of the 
ataadard aodel. Similarly, we can dtcsraiie che couplings of the 2 
to the C4U, Here we alao have the additional handle of tan decay AS a 
polarization analyzer. For quarks we ere in a nich o w e difficult situa­
tion, since quantities like the frcnt-baek eaymetry require detenlaing 
the parent quark in a Jet. Tale deterataetion nay be posalble with vertex 
tesglngt which Is described in Section V.C below. 

''•• Sew Particles 
At the save tin as one "finds" . ?°, one can also stature its 

width. This neaeureneftt permit• the "eouttL.. " of the ninber of low-masB 
neutrinos, for In the standard sodel each additional neutrino adds about 
160 M»V to tha total 2° width. With the full-luminosity SI.C energy 
•pread of o £ a/E* • t0.4t, the apparent Z° width Is Inerssttd by 4X ftos 
the energy spread in the bean, while each additional neutrino Increases 
the width by 62. If it was desirable, the SLC could h* tun at reduced 
Italnoslcy with a « E«/E* » *u„12. While unfolding tha rsdistlve tall of 
the 2° will be difficult* "counting" to 31 neutrino seen* quite passible. 

An alternative aathod of neutrino counting la to run toe oachlne 
above Hg, detecting the radiative transition to the 2° end the absence 
of any other Z° decay products.**' This tagging mchod appears to be 
•ore precise then the width aethod. 

Searching Cor either charged or neutral heavy lentous at the SLC 
would follow the path lold down by che discovery of the tau at SPEAK one.' 
the eeateh.es at TCXnn and PEP: look ot lov-oultlpllctty events with e 
and/or u. With e neutral lepton produced In -t>% of 2° docayn and a 
charged lepton In -32, detection eocoo otrol&htforward with only a mall 
integrated luminosity. 

Searching for new quarks in nearly on easy: if aliened by phase 
space at all, Z * tt should have « branching ratio of '102. The event 

http://eeateh.es
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eiaas searched la almost the opposite to that for lepton.«t high 
multiplicity, high spasticity, possibly with multll eptauo. This is the 
sort of search that couM bo successfully conducted with the first few 
thousand Z° decays. 

Finding toponluB and the bare top threshold is a good example of the 
physics Che SIC can do below the 2° peak* Suppose o^ - 30 CaV and 
» t- - W CeV, The a n a under the lowest (tt) resonance can be sealed 
f roi the area of the * and is 

J o(tt) dS - 10* L B - M - 27 nb-tteT . (7) 

With en cctergy spread In the SLC of about H/2X, this correspande to a 
•2 cross section of 4>5 » ID nb, which la a change of 1.6 units in R. 

30 Given che lualwtlty of 6 * 10 , It takes 1,3 days to establish a 
^-svandare-diviatlon sffset. A fev months would sufflcs to search the 
entire energy range abovi the energies aecesslble to PEP and PETRA. 

Better mass reiolutlen can be obttinad by decreasing the energy spread 
in the beaa. Although this decreases the luminosity, la first approxi­
mation che rate fees a narrow resonance does not change while the back­
ground rate decreases. 

The threshold for Che production of T mesons can be defcaminad from 
a sphericity analysts* Using the Mark II Monte Carlo im-liwHng a, d. s, 
c b warns, radiative corrections, and gluons, the mean sphericity nt 
60 CeV is • - 0.U3. For T awsooa a - 0.413. If a teat la defined 
which counts the number of events with s > 0.5, about 51 of "old" ouasfc 
events end M X of I mason events nre counted. About 10 days la required 
to establish s 4e effect. 

At the opposite extreme are searches for the Higgs boocn. The 
process of preference is 2 » H°e e" or B°u u", With branching ratios 
of several tlsei 10 for K, < JO GeV, it will taka about a one year 
run at maximum Auninooity to do something definitive. The oitttation 
la bettar according to recent ealculaclons for Z decoy Into a pair of 
poeudo-Goldotons bosons expacted In technicolor models which contain no 
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eleaentary Hlgga fielda. Soso of thiae boeona «re expected with u i u g 
OtlO CeV) and the 2° would decay lake pairs of thco with branching 
ratio* of order one oexceflt. 

& Special Opportunities 

Vertex d. foctlon. The beea radios at the SLC collision point 1> 
oaly -1.3 a, end efca angular divergence of the bean la avail. The 
present design of the SLC flaal foeu* eystea «ees a cloee*!* ejiadrupola 
of ubeut 1-eo bora diameter, and chut eh* vacu-a pipe through the inter­
action region can also be about 1 «• In elevator vlthfu.. creating back-
tt-rouod probleau. 

The ekall brant pipe allowed Is the SLC presence new opportunities 
Cos Ufetfcw cessureaente and particle Identification, for exanple, the 
beat lifetime nsaeuresenr of the a* aaaon pota T Q between 6 * ID and 
10 « 10" 1 3 HC. For a 2S-6eV/c 0*, betvten Z9S and 452 of the D's decay 
outalde of the beaa pipe. Appropriate detectors (holographic bubbla 
ehaabara, high-resolution solid-state deteetore, or proclaims drift 
chlabere, for caasple) can be uaed to find the decoy vertex, and this 

- i t Intonation can be used to euouro inert lifatlaaa <to about 10 t>] or 
t i n lid in the Identification of ih* parent particle. A great deal 
of physleo beeosseB peanibla with thu technique- Per caeaple, leading i) 
•tsaona eas be Identified, allowing a Ik.qralnotlon of their weak 
coupling. 

Slnco the beoo pipe la snail, the dotaetora need only have a snail 
depth of field to cover a large fraction of tho solid angle. In con­
tract to the. SIC. etorege ring* typlully hove beam plpee an order of 
eatoitttte larger, nicing the etseourenoats core difficult and the 
datoccers larger. 

Maoouronni of the llfetlne of a lepton such as the T la a simple 
oattor for thoy ore not occoepoalad by o flood of other particles 
produced at tho prlcary vortea. Working vlth D, B and 1 mesons will be 
ffiaro difficult for they will be ecceapoftied by other particles. 
Dotectoro need good tranaveroo reeoletlon to pick out the appropriate 

r-Y&rrms?^ 
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tracks. Bubble ehamberfk have been operated vlth 8u bubble* (holographic) 
co 3Dt> babbles (conventional). Solld-scnte-dlode chamber* m being 
developed with "lAOu teealucima. »iitn resolution* of thin order, a 
defector should be able to separate tracks « SOOOv Iron tlw collision 
point. 

D. e"-e~ HiTflKa 

Although the main focus of the SIM Ua«« collider l« « «T 
onnihllacioc. the SLC has the unique capability of providing, high-energy 
e"e" collisions with fully-controllable electron polarisation. This 
opens up a i n t o of new physics opportunities 

1. lbs basic process e~e~ + «"e~ eas to studied » ( • 3O.000 Csv • 
la addition to clucking standard features of the eXectzcweak 'jedele,, 
this process provides a probe of lepton substructure at disUdcH 
down to about 0.5 (TeV)"1. Single and double polarisation aeaaura-
mnntB «re tven sore sensitive to possible deviations of the 
«~v" * s%~ eaplltudes from conventional theory. 

2. Searches for processes such a* e"t" * u " , u~u". »"*"• and T " 
will place further coastralnts on lapion conservation. It i s 
expected It many grand unified models that lepton-nuaber coaiirve-
tlon la a broken Byanetry. In Henri's nishon model the electron l i 
a composite of aubfernlona, and the BUM Md tau correspond to 
different Internal excitations of this eystea. If the internal 
"hypercolor" mass scale is In the T*V region or below, lepton 
number uonceneervatlon subprocesaea could become manifest in the 
SLC energy range. 

3. The processes eV" * e~e~X at SLC provide Che opportunity to study 
the tvo-photon process-is Tt * X up to very high energies In 
isolation from annihilation processes. Photon-photon collisions 
allow the study of hadxun dynamic* end fundamental QCD processes 
In reaction., where the initial state is simple <wd controllable. 
Exclusive and inclusive cross sections can be studied sa a function 
of photon polarization and. In the cue of lepton tagging, no a 



function of photon COED. Anong the proteases that can be studied 
v i t b polarized photons ate: 

», the weal photon-photon cross section ^ ^ U ) ; 
b, specif lo exclusive chancels euch M Y> + » and oeercheo 

for new C » + BCCOBO. e . g . , the large threshold enhancement 
observed at PETRA and SPEAR In yy •*• a°o° which may Indicate 
new qaqq or g£ rosonancesi 

c. the photon structure functions (including F^, vhlch requires 
longitudinally p^lar'tcd, photons), KeasuTrcenc of the 
ce i l ing behavior of the photon structure functions can 
provide one of the oost cri t ical check* of QCD. 

The luslnosity of the 5LC in the e~c" node must be reduced froa that 
| lvea for the « e" aode. The reason for this reduction Is chat the beam-
b * a Interaction, tOtlch pulls electrons and positrons together, pushes 
electrons tod electrons apart* We cypect the aaxlaua luminoolty in the 
e'e" end* to be about 10 cd" oec . 

With thla luminosity the o~«~ olaacic oenttoring yield In the 
angular rani* 60° to 90° to -10/doy. A f i t to the angular d: -tributlon 
obtained in a 100-day run gives a cutoff parameter l i a i t of 2OO-5C0 Gcv. 

The alifBaeurt of lapton nonconoorvlng events i s unique, and with no 
observed ervents, the twneonnerving uspiitud* can be limited to s ix . 

The fi rate lor doublo-taij&ed evenm (10 * & * 300 rrod) vlrh 10 CeV 
cod abovo in tho rr ccntor-ol-eaoo lo about 30/doy. 

VI. ACCELEUATGll HESFJUCti AtiO DEVELOPHE>»T 

A. Introduction 

Ka cro conducting a broad research and dovclopiunt proBran at SLAC 
OQ linear col l iders in General, and the SLC in particular. Ihorc arc 
teat cala l laco to this jsrogfea. The flrot la the "Sector Oaa" proorao 
«h«T0 VZ axa dovoloplnc tho hi ah current electron ooi'rce ncccooarv for 
a linear col l ider , nod equipping the f lrct 100 n of tho llnac with the 
OGecooary faeualng, controlo, and bona conitorlnu oq».»teftt to oeoauro 
quaaticoiivoly tho offocto of the tranaverae wake f ield-
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The second Item is the construction of a damping ring which can take 
a beam from the first section of the linact shrink the beam's etatitasce 
to that typical of a linear collider, and reinject the been into the 
.lnac far further accnleration. This Is the most costly element of the 
R&D program and when completed n»ar the end of 19B2 will allow us to do 
a combination of fundaments! work on colliders and developaent work on 
SI ; components such as controls, beam monitoring, etc. 

Tne third part of thu prograra is concerned with development of com­
ponents for the SLC itself. The areas that are being studied ere the 
positron source where the required energy density in the positron target 
Is very large, and the pooitron collection Is difficult; tne Collider tre 
magnets which are small and have very high field gradients; and the final 
focus system which requires careful correction of chromatic and geometric 
aberrations to produce the value of B* • 1/2 en that ve pl*n to u«a, 

The fourth part of che program consists of engineering studies of soil 
conditions tunnel construction methods and experimental hall designs. 
This work in being done far us hy Tudor Engineerlag Company of San 
F ancloco. 

In addition to thla work, we ari doing some mostly theoretical studies 
of bl-j sollidera. Some of our thinking about big escblnss io described 
in the nest Diction. 

In the remainder of thla section, aore dotoil* ivo given on the main 
par to of our R&D progren. 

B. Sector One 
The first 100 eater noctlon of the SLAC linoc (Sector One) la the 

site for three tooto: 

1. the development of a ncu hijjh-iptcnoity, single-bunch injector for 
the S1.C; 

2. the conversion of « , vj prcaent control oyatcn of the llfl££ to a 
protorypo of that planned for tne SUCt end 

3. a dcramotrat ton that the been produced oy the new Injector can bo 
accelerated In the linnc and to^ctcd into the deeping ring. 
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lt a n u j t t u f h » b«n SuJ.lt vttich producao nor. thai 10 alaeina* 
ill * «lnjl» l-«and tuncti, Tbt* injattor apptari to b* adaquata far tba 
SU, Tin injector aoutfsl 170(0 la proaatlT beint •odifiad to align 
raaoia operation of ttu o n lajactor throu(h the SIC control rmgrua. 

Ttta *«J3Jet foctffllaa. tyatttii tfi*eu&t»ttt tHti iB3*£?or tfld Sector Oaa has 
b«3 vtattimi and wtandod to *I1<» tha SIC control prosxaa to lie Che 
• c m lottlc* io* alslaiiBtion of tba b*t« funttioo wet far ajiargy eoo-
pcauClon. thus allovlB| ciccbtas to tha Investor cnlKaoca tllipa*. The 
in}atccr lima c i u i i t i o( • m l « ef aolciuslda ted ituKxraoel* trlplatc, 
•ad factor Out la » FOEO alter of lour callt vlcbl 90 f*K..-: w n z r t par 
t i l l . 

U la iaaottaet that t t i b«« raapio dote tn th« aria of tti« l l v 
la order to areTa&t fiaittacca grevth aaaotiatad visb tr*fl*»er*a v»a* fields. 
Kn, hJtMjr accurate baa* poilt;lon owoiiors have beao, inarel l.«d loeide each 
^oadruooln. ft* StC coatrcl * y i t « aooitora the tiaaa poaitica, calculates 
the appropriate orbit toKTaetlana, aad then tdjuats the steering dlpoleii 
located at each quadruple. Thi* nav conttol aystea bad beta «-gcc?**fuli." 
tratad during the peat yaar, 

lb* biah-istaaaitT, eiogla-btnicb b«w i s being tJtteafltvtlj t-jaxad 
Is Sector One* Additional tjjatruEantatlon ioatalled far fteuurlDg bus 
peraatierv IflCludft* a^eiejr anal^er-* at th« begSjtasiitt. aad tad of Sattor 
One, and i n » i ] profile aoaUcro. Tin Initial l i i u casta mta cooducud 
Is th* Laet <« van** e( the SsrlBf 1?S1 nnsstag ejet*. Tbeaa ttrst 
taata achieved a beaa traaaported through Sector One of 2 * 10 alactrom 
per pulae, a factor of 1 beta? tfca daaired tntanaicy. 

In order to Mature the Bag^utuda of the uaka field phcoomona, a lover 
a 

iDitnaity bwith st S • 14 elcctioas via aliovad to drift in tha tinal 
part of Stctor Qua vhara i t v u givco various truoverat offaeta up to 
12 w uai^a tbc orbit cotractota^ tt̂ a obaarvad daf lectioai io. tht tai l 
ot t i t bunch t e l a t i n tt tht hold of tba bunch aaxead vlthln errorv of 
US with :b» cradictlcss af vat* fltdd thesry. 

Oui|aa la tb* Injactor, vh'ch am alcpaQtad to raduca aalttanca 
frowtli aad *taa t̂*»*>-jaLy to iwprova trammieaio^v """o naarly coitplatad. 

http://SuJ.lt
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7lt*«a chani**- Ifidwfr o*v focualTifi »Jc=*nt» In tL-a u,*octor taglon. u u 
b&*ai d i t f t w t t l e aqulptwnt, *fld aKCuLon of ch« i tC cuntj-ol 07*6ca Co 
inciud* th* l n j « t * T itftarin*,-. 

That* ca i t s IIJJTIJ btran cuda y i t h a hi£h-pBT'*l*"-*ance theraiemlc « l e c -
trort gtm, ! • p ir i l la l . u U h t h t t , * Ladtr-ActWatcd, gallixKs-arsjmida 
caphodt flue tip a b*tn bui l t which In ecaf-fltiblt with che tKiaci&g lnj*ccor, 
ThS.fr sun, stitch Litdfl A eodt-lDcktd* q-twitchcd Inner uilL u l t io» t* l7 ba 
uoed to ptovld* polacltad nUKtroni (or the SLC, 

Ihe dtoping r tnj i jcaJuca tha t r a n i v i n a phaie *P«,CD of th* a **d *" 
bejtsj camlDi fr^t Sic toe Chi* a< th* Lime toy aavaral o r d n * oJ atjtaitud** 
chuw providing t^a *a*Xl cmi£ti£C« t*qui red f?r »ubs*quent Acceleration 
down che linoc to cht f inal hi*,h-dta.iit? co lLLf lcm at ' '-m tfttacactlaB 
pa in t , Th* da»i(n at th t t r t o i p c r t l i s t s t o tad from tha ring QJ,IC allow 
foe control af th* longitudinal bunch laageh a£ hot*- b u m , as w#U as foe 
prestrvlng and tnj-alpulAClng tha ip iu polar izat ion of the tlfrctroo be«au 
The pwjtfia of Ch* fiiitl pro(lr«a In t h l j acaa L* bach to d*v*La? ;ht AC-
t : l e r » t o t technoloor xaquiTtd by th* dutplng Tl»fta dftd Co prenrld* .in 
apparttui with vhlcb t-J t*«t ".* Home vmka r iald c a l c u l a t i o n s , to *<:-
t s * p l i a h tM« K * »IUB1* h i |>>-*3t i i t hi)Tt*|»dl*DC, high-tun* ring for 
eU'-cront i i bat as b u i l t . Th* prdjact was LnUJatad i n October L"!I80* sad 
Brtt**at plana c*i l for "Lent rapaclt ion rate In]actIon t e a t s loco ttia f in a 
during tha SiAC running cyc la of r a i l 19t5ZH with taatie of ra inject lon into 
th« tt t»< i c ?h* Spctttjt cf I9S3. Tfr* design parentters of th* r l s s abates 
are now fiaad atid the optica daaigfl eooplated. Th- ova-roll dafli(a I t 
theim in th« *Titira*ri»6 drawing to 71g, 8. 

The c o o p l u l t y of the ayicea t a i u l t a fraa the future r«^uit*miflt of 
dea l ing-uich e l t cc ion spin po lar l ta t lpD, The long i tud ina l ly orlwatad 
tpln of tba alc-ctron* ouat f l f a t ba rotated fnnrpundicular to tha haaa In 
cbt p i ina pf fcmdsni^ .*id thtn r&tat*d »a*ln parpendtcular to th* plana 
of tha ring to (hat th* p e l * r i i t c U O La i»t U « V la tha 50,000 curoa of 

http://ThS.fr
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Fig . 8. Layout of the damping r ing and i t s t ransport Lines. 
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toogitudinal phase compression Of the bens leaving the ring to ec-
cownllshed b* exchanging phase spread for energy spread through accelera­
tion i s en BF field at zero eqoillbrlra phase sad then passing the beaas 
ttxongh en achroaatlc Vac non-isochronous teaupert systetu The transport 
Uses awt also ante* the eight teen parattetere g ,̂ e K # 8 , a . n^, n^', 
H_ ft ' et the four injeetlon-iartrectlon points ea welt as aalatsla overall 
length copatratote consistent with the bean* longitudinal phase. All Br 
ecaponsnts v l l l operate In a phase-locked node at subaultlples of the 
llasc frequency, and all coasoaenta except the ring Injection and eseeac-
tina ktckvTB will run DC. 

The contract for the vault to hous* the dowpfftg ring was lac la Kay 
1M1. Break-In to the llaae bowing for the two transport lines was con­
flated on schedule on September 11, thin psralttlag the ltnac to start up 
for the Fall running cycle. The naln project* construction of the vault 
ltealf» IS scheduled to be finished by the end Of Doeeaber. Electrle&l 
facilities, such as aajor transferases, are ready and the aechsalcel ser­
vices will be prepared In the Spring of 19SZ. 

There ere 212 wagners in the damping rial aystea. The ring bend 
Mgntt aodal, with Its poaltive and oagatlva saxtupolaa at the ends, la 
finished and aaasuraa. All steal i s on hind, and coil production han 
begun using several coll-wlndlng Machinal la two-ihift operation. 
The 17,000 'fine-blanked' laadnatiou required for the auadrupole- are in 
head and eighty cores have been fabricated, A trisning oextupole design 
exists. The specifications for the eight asjor power supplies and about 
40 quadrupole trianlng supplies, which provide 9C power for the full 
statea, have been written. 

Calculations of synchrotron rtdietlTO power into the vatvuet pip* 
walls have shown that distributed pushing Is required to reach a 
preetura of S * Id torr. Clearing electrodes eamt also be provided to 
remove ions fxoa the b^ca. the twatloaa of beem-electrodtt interaction 
ate hetng etndlAd la detail but ore not (bought to present Dorians 
problcsi. 

A surplus *F tranoaltter f roa CCA too been restored and provided with 
« new klystrea. Fewer teats 1, c<i a winter load aro scheduled for October. 
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Parts are being ordered for the lev-level driver Which la eloilar to the 
suctesoful FEP design. Considerable theoretical work on dyaanlc ben* 
landing has been completed, end cavity design i s Marly conploted with 
construction scheaaled to begin in Upvoaosr* 

D. SLC Coaponents 

1. Positron Sateen, two conponento of the positron source require 
feasibility etodias; ttH target which is bcabexdnd to the prlsBKy electron 
bee* to produce ooalcroo* end the downatrteai high-Held pulsed solenoid 
which 1* pert of the systeaj to capture the positron spray end rattan i t 
to the injector end of too Hsac. I .̂ogeaa. of tasting varlotte target 
•aterlnla was carried out during the last year la the electron beam at 
SL«C. The taata *E - nan di f ines t atylaa of toila target showed that 
severe damage occtirs for high energy electron pnlaaa (-23 GaTj of 
e/nm while no daasge occurs for prolonged exposure of <7 « 10 

tfith appropriate aecllag to SIC conditions, the tests Indicate that 
a solid, high-Z target of tungsten alloyed with 13% rhaaiua is feasible, 
with a safety factor of tvo to thrta — provided the Incident beaa area 
Is kept Larger than '2 an , corresponding to a o of 0.8 sat. 

Two low-fikld, full-seals aodels of the pulsed solsaold have bcao 
built and tested. The saeand w i t gave the desired field profile. 
agreeing vi.th calculation* • It has baas vedlfled for tatting In a vactasi 
•t a high field, using radiation-hard Intuittora• Teats of this nodal 
will begin this tal l , 

2. Collider Arc Wsanets, A full-scale, 2.3-aecar-long collider are 
magnet core baa faeea constructed using 'tlna^bleaaad' laadnstlons. Vhe 
mechanical rigidity of this core swats specifications; however, g*» aire 
variations in tha laalnatlona need ltntovement. The aaln coll la turd-
anodisad to provide 1000-volt inaulaCiaa. 

Magnetic veeawemawn a n aehadalad for «arly la 1982. uelag a 
precision measuring machine with a resolution of a few adenine. Conceptual 
design of a magnet support girder has begun. 
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Hlgh-fieX-l, rare-earth peroanent oagnet Qaadropoles can be ttsed t» 
•and advantage In the final focus of the SLC. Field effects Iae>, of 
Carl fate, ltessschvsett»» bat bean encaged to advise SIAC regarding the 
deelgn, otoriiranant Of «nterial*» fabrication procedures end —aausettgut 
of ssnsi fiai mTislt qwdrupolce. Their report has been completed acd, 
as a reault of thlo work, a 25-cn-long by l.B-en-dieaeter ojiadrupole 
i s belst coastrucwd* feres are en order and eesenbly should begin In 
October, while aessurlag equlpnent is being prepared. 

3. final Fccne. The final foeua systsa occupies roughly the lest 100 m 
of the collider are before the collision point* In thl*i region, provision 
•eat be sjede for t a*tthing, dispersion correction at the collision point, 
and ahemtlen control. Tha syatea which has been developed his teen 
checked by a ascend order ray tracing ptograa and aehlsves the desired a* 
of 1/2 on. 

The last quedrupole of the final foeus section v i l l be within a oeti' 
of tha coUiaioa point. Tha teaarium-eobalt pemasent nagnet quads that 
we have been atudying have an lacraincal permeability very close to one, 
and high coercive fores. These properties allow these asgnets to be lm-
astraad in a aolenoidsl detector field of 10 to 15 kG without aftectiag 
their fecuslag properties, 

*• Idaee Energy UnttrnJiae. There ere three coapoaosts to the prograo 
of Increasing the energy of tha beetu available from the linae to the level 
needeu by the SLC; one involving the SLED mode of liaac operation with 
csrreut klyetrons, and two involving klystron developaent projects. 

In testa of cae SLSD-IX 5 usee node, the current 36 MH klystrons 
present two tree* of probleas. The first la an Increase in nlaslng pulses, 
doe ta either htfjt-voltage breakdown la the goo. region or BF breakdown in 
Cha klystron output region, eetnly is the output window. The aecend 
pxoblaB 1A that window fractures occur core often in this extended puloe 
operation of che tubes at W W-

Several etepa have bees taken to correct these preblene. A tube hee 
been kaUt with a lower gradient gun to avoid the high-voltage breekdomo. 
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Another cube la being built with two output cavities in order £» mine* 
the output voltage ecross the gap. Kt<utw design and teehajlagy at* 
bciof sieved carefully, with special aphasia oa the ua* of higher 
purity c r m i c B «od better controlled easting techniques, laeults from 
recent testa with such tubes art very encouraging snd data on full 
design improvement ahsuld be available during tha neat year. 

A design study for 42-49 MH klystrons with the necessary focusing 
magnets and high power aodnletors has recently begun. A 42 MB tube, 
operating at 300 k¥ in the 5 usee node with Improved SLED»1X cavities, 
vould give the required SIC beans with the present coanleasnt of 245 
stations. At 49 Mf, the existing SLED cavities would be sufficient for 
SLC operation. 

Another approach is through a new generation et U D Mi klystrons, 
operating at 450 kv with 1 usee «ulses. A profran to develop such tubes 
has been underway for about one year in collaboration with the Japanese. 
With 245 of these klystrons, the SUE conditions wuld he teat without 
using the SLED cavities. 

E, Sits Enqinsarine 
SLAC has retained the services of Tudor Engineering ee en architect 

and engineering fin to perron the Title X end Title XX designs of Che 
collider housing, the espariaoncel hell end the eite work. The sain 
geotechnical field work hee been to deterslns en optlana tunnel alien-
nuait having a alnlaal envlroanental lspaet. The resulte heve forced 
the tunnel and Interaction region locations deeper under the surface, 
audi that th« interaction hell will he « deep pit Instead of • surface 
structure. 

Rough cost eatinstes are being nedo any. orenerecioae ere under way 
- vt further gpotechalcal studies aloof; dta tunnel site. another arrasge-
•ent Involving two Interaction point*, one 14 •seers east of the first. 
Is also under stony. 

Titln 1 design of tha tnv^le is scheonled for conpietion In Kerch 
198Z. An aerial photograph of the SLAC site indicating SIC tunnel 
locations lo ebova In Fig. 9. 
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Flg. 9. Aerial view of SLAC showing the location of the SIX. 
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VII. von m e rawer COUIKW 

A. l i l l l M tto St«ia 

Fare «( th* oatl-ntlon far tha SIC prajtat l i u dtvalap tba weh-
nlotr o* l laut talUdara as (bat a mry bit h naaaj aatbiaa can »• built 
Unas Msk blabar « « t r la >n» «*•" cjrtMa U nadad b r phT*te*. TM 
phytic* ratalnaaata aac Ot paraaatara of tba a t O l a , aad tha m n K t l t 
taflraJ for caa aacUna aslac to eh* critical, tadnwiaflcal ftnlgamii 
that afa aaodafl to aafca aaea a aaililai MaatVU, 

Thar* < i u ) t t a i aotdaoca (mi a V WHtlaiari M IN H* n f ran 
a'th a i m p> aparlaaau u aac aa aairtf tcala far MV ftmaaaa that 
•M angkc aaat to aaaMUfata wttfe a Mfy aith ""•ray nl lUvr , «« mat 
aaaaaat ap, apfroarlaxa auray acala «•! Will d a k M l M M tin caaur-
I M U I aiant fox dda liatuaataa. Ihu ttAtf* 1« tm tlBti thu of the 
WlmUUt phasa t aw ftoa tlata that s i tat Jail 1 0 ptoject attfc 
•aaateviHtoGtiai If, and tfeoa aaam a lataa «acu|h acap. 

tfo a|«o ls*a no 'aUanei u u t t l ratvtcad lualnoalrr for tuca « 
l-t«V « U U u . Ha aw-* J erau aactiaa M tic a asal* far ttia ««uat*Bf 
M M «t • »l»ta liMlBAitty, and « aiaplr <Js net taev «uu|h to 4a M M 
tan (lam • ' a "alua. Ua ihaU. aiauaa tit* noril salt, that thi 
U«ukfi|>5aUa • e r f »l datetibea aoat of Cba pfe»aloa at th* w*tk>tliitr»-
aatMtte [attraction. If wa furtaar daunt 1000 u-pair irtnil par WJalei 
yaar («|al* valna. 40 wnka ud SOI afflelawjr) uadar thli aktuafClH, tha 
raculrad LiAiaoiley la 10 3 3 ca' 1 aac' 1, 

If uictet boaona that aadlua tha walk tatariatten dp Mt la fle( 
axitt, and U tha uaak crois iiccies esttiauta to Intitata at It doti t t 
low aBfrur, than tba u-pal* civ** UEClcn v i l l bt t u t th* latitat* tialt 
(ab*«t » tteaa cba VadBbare-Sataa *»lu*)t tad ltalMlltltt of w " vt l l 
•Ma a*n? a n avasta than, anroat know* what to do vtt*. 

i 
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1 . M i l tUthlna 

U n a *» aaartr and a Lialooilcy, ttw nchloa 1* alasas aaaplacaly 
t*Kift ld> M u ant ic aattoda of tmcnl t io t baaa-ttaD ajHchroror. 
ladlatlaa i t eha ttlHalaft, polai a n p«MLacad (co-osvtaf a*a" hdiaa 
callIdiot with aaatha* uo-owrlnt pair, foe «a»pla>, chla "twnimiililimi" 
d«tanf»a sfca aaart? apraid la aba ntlllalimi Vm anal! fataa that as 
t u t o r race laocoa m t a c aad tfcac Op/E* « St la talacaal*. n a paiao-
M M l ot tad aarinaa «ra atoaa baloa. 

11 w " ™ * 1 * , " 1 

t» ITaV 
lavatiaat tMtcaaca ft«^> 1 * » * * taa-a> 
1* «).»«• 
•aaa Radtaa « UO 6*r <« () 0 . * atafom 
*ol«M par Second n n 
tald) laBsA <«,» 2 a * 
•tatvpttes ?«raat*r 1.3 
fafeJ&aaaeBt (TCB Pima Efface 6 
fMt ls la i par tuned * - t t » 
•jcetltMtUi Cndiiai 1»>1M KaWa 
••nit la tacli Baa e.« Iti 

Thi lAMritdt (BtttaMi at U>j taca u the U M a* that at tba SIC. 
• • l i (ha nlua «l |a , tha basa ndlua la reduced Item chic of cbe SIC 
jp (ha adi l t leHl idlasatie daaplnf. uhleb eeeuri during u t i l t r a e t n f r a 
90 ta 100 CeV. Tka Bwb« ef polite par Meow! I t tfrniE I I I M I flu 
a n l n a TipidilSD rata ef tin sue l lnie, esd ana veuld nptct w 
actalaMca u n n i burita par pulta at a Ilsac. 

The kvasa laofth psatlllacad here ta a factor at two Leanr cban. 
pleased fae t l» ate and g**ea a Ufhar dlsrapclaa QlnaHiT tad « U r t * r 
imteealtr aatnTiritnc than the sic. etdie d a matt* at patUeia* par 
bafttb. I * a*i»atlr bear (ten Is the H£. 

n » accatanHat (tadlaat la asd* larser rtu aajtMa* nou la 
taattaa aae* est aipei laaina daaa sa ete sue aecalemtgf a t n e n m eta» 
thai tapper tan stead a enlace electric f ield >1M MT/aatar. I k * la * 
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H«W gradients attainable Is the superconducting system inks it likely 
that T0«« C«aper«turs, llltjb gradient ST v i l l be tha ansc cose effective 
aeccleratlea tattbod, but this i t by as « u w ewe. 

Tin bom power i t seder Ate, but an energy-*" lc lent machine will fee 
required (10X to 201) to keep operating costs reasonable. For comparison 
the $UC llfitc i t *X effieleat la Its long-piU.se node aad 1/2Z efficient 
In let SLC sode. Electron Induction accelerators hevi been built that are 
201 efficient. 

Kuch technological development east bs dene before a very high 
energy michlao u s be built. The *sae Important requirement Is for an 
energy efficient, eoit effective accelerating teste*. The prospects for 
sueceis given five to tea yesra of Rap tees reasonable. 

Is the spirit of tnie section, we wave our hands and say "DONE." 

C. JJijXIaS& 
Tbt but eycteaetic speculation on physics with very high energy 

COUidtre l l In eo ereiele by J. Ellis 8 in the Proceedings of the Second 
ICIA WatkJhoB. Ellia' compilation of crass sections is given in Table 2. 
The Elllt MBU covert the usual ltena; W pairs, point bosons, conventional 
quixki tod Itptew, new quaslcs, technicolor and auptruyimetrlc particles. 

Since hi* article vat written, theoretical interest in physics in the 
1-TeV region hat increased considerably. Aaong tha developoencs since 
W79 have been the following: 

Technicolor and lea extensions. These theories predict a complete 
new net of twang tatetattione la the TeV region, with a spectroscopy 
•ueb tore cowpllcatcd than that of QCD. For example, there are many 
•act vecee* meson* that can be produced directly in e+e~ annihilation. 

Quera and lectea substructure. Hioy phyalelsts believe chat out-
ttruecurt mute underlie the present proliferation of quark .and lepton 
flavors. It trloei naturally la the context of new strong Interactions 
with a teale of order 1 TeV, High energy e+e~ machines with their clean 
event structure have unique capabilities for studying such pai-aihle sub­
structure. 

« 

http://long-piU.se
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t«bU * 

C0HPIUXXOH OF CROSS SEHIOHS 
Taken iron J. t U l i t "**•" physics beyond LB?,1 

Proceedings of the Second iCFa, Workahaa. CERM (1979) 

* — CK«»^ettion in 
units of Opt « « * . 

Weak 
vector 
bovow 

A. 10 
% 10 
wo 

Background ruction*. 

baxm* 
[I'D 1 

I H V 
0.10 

D.W B» 

t,Be*t way* to Iwk tat heavy 
[Hltt** 

Uwhi for tr" wMch an aat 
superheavy, 

' u*iT 1.19 

Femtoa* 
' u*iT 

MM 
l.tf 

,-gjudaa 2* eentTibudon u 

, 3 generations of <« 9.6 

Newt' •» MOOT teaualnt GOUBIIMI ii*llar te 
firat V. 

Rsioniicea New aniia I or 2 Bteadaaad by vaak deoyt. 
. TednicolouT p % 7T Aittadnt coupling* similar as 

ordinary p 1 . 
5*5* i . » Partnafi af *PI 

Siper- w«B« 0 Partner* at I • 1 part ef I 1 , 
*XM«tric 

QC-V,l5(V0 
0.3-
0.11 

Parenan of clarst -% quarto. 
Fanner* of charia •'/» ouarka. 

*XM«tric 

!«I' [ O.M Partner* of Mitral lesion*. 

Superayrarecry. The mitlvetlona for auoecsyvMtty thaMiaa ha,va 
grown greatly In the last few aonths, with the realisation Chat tha* UP 
alleviate n*»y problem* with Blagues and their taeholealorad altarnacwta. 
Kiny oore derailed prediction* can BOW tie made (of the fflaaaaa ef th* 
hitherto unobserved evpersyramecric partners of known pactlclea, which put 
chea squarely ID the center-vf-msas energy rang* accessible to tha v e r y 
high-energy collider discussed here. 
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For reseat upder;.* oa aseeulatlotts about the physics w *e escouacered 
iB the l*Te° ratios* tea X.A*S. Sag, Liabon Iseernscieaal Conference Talk, 
Bocfcafeller (Tnlvereity preprint fifl/flt/fi/9 CW81>; and J. ElXla, S1AC Topical 
Coejaeaaen talk, ttSM preprint TB-3139 (1981' * and role rente* therein 

Ihe liauiaoaity va hava eheeea, 10 , gives 1000 events per running 
year Eer tha point cross ssctlefli Rat as pas year far inee-.-esting processes 
vary from 20 t for W pairs to 1/4K fee Hlggs pairs. The lufalnoslcyc and 
thus the number Of events, eas be divided arbitrarily between several 
iateracttoa regions {My four), and for son* processes each will have plenty 
of emits , a&d tor others rates nay be marginal. In any event, the pro-
gTajesiag of the •achlne pulaas to the various Interaction regions is arbi­
trary. Tht Proceedings of tha Second ECTA Workshop Include a discussion on 
appropriate exparlaontal techniques for the energy range, and we shall not 
discuss thea here. We give belcv a fev examples of what could be done in 
a Ttaaiai yaar with tha full luslaosity. 

Suppose that another weak neutral boson exists at high mass (the z_ 
of left-right sysaewic thaories, foe exaaple), and that this boson has 
axact.*.y the couplings of the tfeinbevg-Sfclwa 2°, If i t s oass were 2 TeV, 
Iio u-f<e»»ft treat-bsei asyomesry would be 1BZ, and 1000 events would give 

a 6-stflttUi<d*4evutlo& result. If no asymetry vera observed, the lover 
bound (901 confidence) on the ZR mass would be 3 TeV. For a Z TeV nans 
tha u cross section would allow a Reajure&eat of the "new Weinberg angle" 
or els 6g • 0.39 i 0.023 with the ass* 1000 events. 

Bhtbha suctorial ean swasure the "site" of the electron, A fit to 
tht angular distribution will dntomlne If the n u radius of the electron 
Is <(T TeV)~ , a range of Interest to eotopoBite models of the tendons. 

The final States generated la e e" reactions are very clean compared 
CO those produced 1« p»*on r eac t ions . I t l a l i ke ly tha t new phenomena 
Chat occur la the region between 100 CeV aad a few lev can best be 
iovesclflatcd with a very large e V collider. 
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D. Further Speculation OR the tlac of Big C o l l K l M 

1. Electron-Proton Colllatona. Protons M v e i l U electron* 6*0, b* «ft" 
celerated In electros lineca. For a BAchi&e fad every 3 ft (Ilk* SLA£) A 
proton injector of about 10 GeV la required, Vftna Che t t a m r n ealttanca 

31 »2 -1 of the FNAL l inae, an e-p lualnoslty Of 10 CB I U WSUld be Obtained 
at 1 TcV. Use of proton cooling techniquea would TalSt Chit l i a i u a l t y i 

2. Proton-Protan Coll is ions. Proton in j t e to t i for both llnaca would givt 
10 luminosity in the pp ayataa ulthout cooling. Hovttfit, Chi leu duty 
cycle may oak* a l l but specialised expeelaaata d i f f i c u l t . 

3. Una of the Technology for Fixed Teniae Machines. A gradient of 160 
MeV/neter givaa tha same energy per utile length of maohina • • 1* obtained 
in proton machines with 40 kg superconducting M|HtC technology, for 
example, the FNAL Tavatron i s designed to reach 1 TeV with • machine Of 
6 km circumference. 

The big linac is also a low power coaauaer eodpaxed to the proton 
cuchine. Vor 10 protons par 100 seconds (Tovatron design la tea j l ty ) , 
2500 linac proton pulses must be delivered l a 100 weoads. Th« average 
fceaa power Cor a 1 TtV l ioac la only 190 tor, Jvgn 4 11 e f f ic ient linae 
would use considerably lass power than cat TavaWon O0-40 MH)i 

In the 1940* a, before tha invention of the •Cretkl loeuilBl aynshrotHft., 
many f e l t chat proton l lnacs ware the beat way to achieve high energy. 
After tha passage i>f M> yeara, the* way be prpved right, 

IX. CONCLUSION 
The coat of the Sit is 87 aillions is FT 92 dollar*. Tha eoMttwe-

tion schedule is such that the aachlsa could turn on 2-1/2 to 3 yeara after 
confltractton authorization. The ehyslca caseMllclea of tha SLC ana 
clear, end Its sale a* * tool for the development ** llatox eollldcze 
• M M at I H K as laportant ae tha onyelc* which will be dca* With Id 

If a large collider la ever to be built, aoat eaaerlcflea with Chi* 
hind of eachlne will be needed before anyone, will he willlec «o «ee*lt tha 
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large funding which will be required. We at SLAC believe thee the SLC 
otters • onique opportunity to cowMne en aaaaatlal whine development 
pragna with • pbyaica program that addraeaea M M of the aoet important 
qwstiOflJ of the day. We hope that the High Energy fhyalct coaawnlty will 
agree and support ovr request to begin this project. 
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