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I. INTRODUCTION

Progreas iu particle physice has always deen ¢loqely comnected with
prograss in the development of parciele agcetleratovs, Ay sccelerators
increase in energy, axpariments which probe the structure of matrer snd
the forces of nature af g deeper level become possible. The new experiments
and the theoretical affoit nade to undsrstand these new rTosults 1a turn
raisd new queations. Eventually these nev questions becoms such that they

cap be acgvared only by experiments gt highar eoergy reaquiping new ag=
celerators.

A3 e resule of the experimentsl sod theoretical work of the last decads
= net synthands is embrging. Iu the nets view, the weak and electromsgneric
intevactions aye explaioed by gavge cheories and ths strong interaction is
=xplained by quantw chromodynamics. Grand unified theoriss sre trying to
combing the Yeak, slectromagneric and st¥ong interactiouns futo & aingle
coherent picture. WNany varieties of mev uodels exist, scme of which prediet
quite different phenowens in an enevgy tanga nat yec sccessible. It 4s

now the turn of the accelerater buildars to provide the aew tools Teguired
o test the new models,

The next machina in the electren-positren colliding beam field is tha
LEP pieject now under design and soon to ba' under coBetyuction at CERM.
This cuchine uses a traditional technology = tha elestron-positron cole
11ding beam storage ring. In LEP‘s first phase it will zesch av emergy of
ahout 100 GeV 1n the center-of-mase and fn the second phsse, 1f supcrconducts
ing RF ayatens can be successfully developed, it will resch 200 GeV.

It may sesm strange to be asking now what can ba built beyond LEP, but
we muat start asking that question now for the acaling lave for electron—
positron storage rings sre vell known and I believe it ig very unlikely
thar there vill be 8 much larger wachine of this traditicual type.

The acaling lavws for any type of accolerator can be derived by taking
unit conts for such things as tunnels, magnets, vacuum chambers, power,
RF sysctams, refrigerators, etc., and combining these unit costa in a set of
equocione conotrained by the desixed physical paremeters of the machime.
For an elictron storags rving the tnpucs ava the required eunergy and che
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safuived luminosity, ead the principsl constraints come from the beam-
basa interactivn, od from the synchsotroo radiation losses of the
eiraulacing bagms. For sxample, &8 the radius of the machine of a given
swargy insrssges the coats of magnets, tunnels, vacuum charbers, etc.,
ineresss, but the cost of the RF power to keep thz beaams civculating
daczeanas, The cost equations have a minimum and the value of the radius
at tha pinimum definss the machine.

Tha resules of the minimization procsdure give o ocalipg law for
storage rings such that the cost end radius of the machine will be propor-
ticnal to the #Quare of the center-of-mass energy.! The constant of
proportiemality depands on the techiaclogy used =+ it geemp to be alightly
wmaller for supercotducting RF systems than for conventional RF. However,
this is not yat clesr for no large scale superconducting RF system hi.
basn built as yet.

Tha LEP machine at CERR designed for 70 x 70 GeV using room tempora-
tura RY i» sstimated to coat approximately S00 mfllion dollsrs and han a
circumferance of 27 kilometers. The Cornell prolimingry seudy of a
50 » 50 GeV machine using superconducting RF estimates a cost of 200
adllion dollars and & circumference of about 6 kilometers.

Wa cen use the Cornell eptimate to scale to & next gooeration large
maching. Given the growth potential of LEP, a follow-on uachine would
hsva s energy of botween 400 GeV and a TeV in the ceotar-gf-mass. 1f we
take 700 GoV ap our denign gool and peole froa the Cornell cost cotimnce,
va find that the maching will eoat 10 bHilliom dollars and have g circum=
foresco of 300 lilesstors. Theso tporcous oucbers would legd wost people
to quantion the ficcal feasihiliry of cuch a project iadepcndent of any
teohaieal preblems. Pradiction 10 .. doogercus thimg, but, given the
soaliag laws, I feol fairly safe 1o predi~ting chat LEP will be the largest
end eha lage of the big clectrou-pocitron atorage rings.

If the vicws thot Glashow oopouscd o fow yours oge verw terrect, that
thape tas eathing but a desert botuctn tha rmow of the Z° oed the grand
eadfinaeion conle of 1015 oV, ve probobly would mor enxe 1f there wvore no
followson te LEP. Uowever, cinco the First £lu.h of enthupinon for grand
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unification models, cowplications have turned up and have lad €0 guch hy=
pothesea as technicolor, hypercolar, superaysmetry, camposice sodels,
ete., all of vhich predict new phencmana at an energy of around cen timas
the LEP snergy. Electron-positron machines have been anoragusly productive '
in the last decade and are, I believe, the best type of mprhine to use ¢o
investigate the phyaics of the TeV raglon. The phyaies need 13 cleag, but :
if the cost problem i5 such that wve cannot go oo bullu.ng higger storage
rings, we have to find another way.

Finding another vay has been the story of particle accelerators for
decades. From the Cockrofr-Walton generator, ta tha Van da Graaff, to the
cyclotron, to the weak focusing synchrotron, £o the linae, %o the strong
focusing eynchrotron, as a particular technique reached irs teshmical or
fiseal limitstions, a new way wis found to go on by using a new teckaiqua
of particle acceleration.

1 believe the same thing will be trus with slectron-positron colliding
beams and I believe that the new technique which will replace these davicas

is the Ligear Collider. Linear Colliders are, in gesence, two lipase ac-
celarators firing electron and positron bullszts at each other with no

attempt wade to reuse the spent beams aftar the collision. Thase devices t
have different scsling lawa from those of atorage vings, The luminosity

of such a machine, under certain sssusptions sbout the beseebeam intarastion,

is proportional to the power in the bean and dndapendant of the snergy of

the machina. Thus, for & fixed luminoaity, the cost of a linear collider

scales as the first power of the energy rather than quadraticslly as in

o storage ring, Eventuslly, a machine with a firar pewsr scaling lsv sust

be less coatly than a machine with a second powes scaling law,

The SLAC Linear Collider (SIC) will be the firsc of this new type of
colliding beam machina. It has been designed with two goals in mind: to
develop & new colliding beam tachnique, and fo produce a facility capable
of supporting a strong experimentsl program in the energy region around
100 GeV where nsw, vesk interaction effecte are expected co becoms sanifast.
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I1. A ERIEF DESCRIFTION OF THE SLC

The S1C iy deaigned to OPRTALEG at energies up to 100 GeV in the
centes-of-nass cystem with  lumduosity ac 100 CeV of 6.5 x 100 ca™2 471,
The main conponents of the project are an energy cpgrude of the SLAC lipact
& tryauport systen from the end uf the linsc io a small-apartufe magnat
ring; the wagnec ring itself; & spacial facusing cyscem near tha interaction
point; the necestary Lousing; an experimencal hall nad staging atea; a high-
pover positrom-production target; & positron boostes; a4 tranaport Bystakh
from the positron target at the twgethirds poinz o! the lisac baek to the
injection and of the linac; a new high-psak-rurrent slectron gum; two small
storage rings to reduce the emittancas of the elactron and poeitran baams
by radlatiop damping; pulse cORpresscrs to reduce the length of the bunches
in the storage ving bafore injection inteo the lince; and the sacasssTy
inatrucsntecion and contycl systens for both the linet and che Collider
syst., A schemstic of the complete system is showm in Fig. ), vod Table ]
firencrives the importsat parsseters.’ Since the Collider 1s a new kind
of sachins, & typical oparation cycle is described below.

The cycle begins just befors the pulsiag of the linac. The alastren
and positren damping ricgs oach contain tvo bunches of 3 x 10°0 particles
at so suergy of 1.1 GeV. Oze of the positrun bunches is extracted fyem the
dauping 7isg, pasies through & pulsm coxpressor which raeduces the bunch length
from the cestimeter typical of the storage vicg to the millimeter requized
for cha linac, axd iz then injected jnro the linac. foth electron hunchas
are extractsd fron the electron dampivg ring, pass through sn independent
pulas tompressor, and ars injocted ipro the linac bahind the positsen
tumch. The Typical spacing betwesn bunches is about 15 meters in the linzc,

The thras budches are then accelerated down the linae. At ctha owo-
thivds point, tho trailing clectron Bunch ig eucrocted from the linac with
& pulsed zagngt and Lo direceced ente o pocitron-production target. The
posirren bunch and the leading electron bunch concinue to the end of che
linse, vhore thay raach on easegy of about 51 CeV.

At tho ond of eho linoe, the two oppoaite-charge bunches are saparated
by o DC cxgnet, paco through o t¥onapert oyoteo which matches the focusing
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Table )

PARAMETERS OF THE SLC AT 50 GeV

Intsraction Poine

Luminosity

Invariant Emittance (3 ¢ y)
Nepatition Race

Bean Size (t':1 - ay)
Equivelent Beta Function

Collidar Arch

Average Radius

Focusing Structurs

Call Lexgth

Betstron Phase Shift per Cell
Full Maognet Aparture (x;y)
Vacuum Hequirement

Linac

Accelsrating Gredisnt
Focusing Syatem Fhase Shifr
Number of Parricles/Bunch
Final Ednevpy Spreoad

Banch Length (":)

Dacpiag Rings

Enezgy

Rusber of Buncheg
Dorping Tice {Tranoveroe)
Batatreon Tune {n:y)
Circimfcrence

Bead Flold

Flosl Eolttence uaa;

6 x 1030 cn-z Bec

3 % 107 rad-m
180 Bz
1.4 microne

17 MeV/m
350% per 100 &
5 x 1(.'.!10
11/22

ien

1.21 Gev

2

3.059 os

7.23; 2.78
35.27 n

19.812 kGouses
2.1« 10-5 rad-o
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of the linac ta taast of the main Coliider ring, and then hegin to travel
around the riug in opposite directions, losing about 1 Ge¥ each in syo-
chrotron radiarten. The Collider ring is composed of small~aperturs
magnets with very strong alternating-gradient focusing, which iz required
to hold down emittance growth in the Collider arcs, After emarging from
the arcs, the bunches pass through 2n achrocatic matching and focusing
gection which focumes the beams to a very small size at the collision
point.

The peaitrona preduced by the electren bunch that was extracted at
the two-thirds point of the linac pass through a focusing syster at the
positron source, a 200 M:V linesr rccelerator booster, a 180° bend, and
an evacuated transpart pipe located in the existing linge tynasl. This
brings the paositron bunches back to the beginning of the linac. At this
peint, th2 positron bunch pssses through snother 180° bend and 13 boosted
to an energy of 1.2 GeV in the first sector of the existing linac and is
then injected intoc the dawping cing.

Because the smittance of the positron beam is very much larger than
that required for Collider operation, & positron bunch suat remain in tha
darying ring for approximstely four radiation damping times, which cor-
responds to twice tha time interval betwesn linac pulass. Tius the positrom
buneh to be used in the next linac cycle is the one that is etill stored
in the damping ring from the previcus cycle.

Electrons for Collider operation are produced from a specisl gun
equipped with a subharmonic buncher located at the beginning of the linae.
Two bunches of alactrons are produced, are boosted to 200 MeV in a dadicated
section of linac, and are rhen injecred into the same section of linsc usad
to boost the positron bunch to 1.2 GeV, At the end of this section the
1.2 GeV alectronn are fnjected into their owa damping ring. The slectran
bunches at the time of injection into their damping ring have an emittance
somewhat larger than required for Collider operation but considerably msallar
than the emittance of the positron bunch and thua need only be dawvned for

two daoping times or one interpulse period. The enrire cycle repeats 180
times per second.

. ——m



Tha basa fres the slectTon Bource May bo polarized by using & suit-
aile lasar«i'iminaced semiconductor photosathode. Ahatess the linac
Prasutves tha lompivudical polarication of the alectrod bamm, mpscial
EEACRDOEL SYSEERS ATe requirad ot thy dasplop ring co avoid depolarization
of the bepm., This is accomplished by spin Totating solenoids in the crans-
poft to and frod thw ring. In tha riog, thw spio is sade vartical so it
tn alignad aloag tha maguetic #1614 direceion ol the ring dipoles. Two
eolanadds in thy transpore hack €3 the I{usc provida the eemtrol to
process tha sple to any decired direccion, cheraby leading to esmsre} of
tho polarizseios axis at thw interaction porst.

The snergy of the 5S1C cin ba incressed, zhould chat ba dasized, abdove
kthe inivial deslps value of 100 Co¥ by adding RF posar o the llasc. This
posathility (p 0 fmpoccact safaty fecter for tha experinamtal phyvics
progran, foe the 3° euns, which asts the enstyy scale of thi Bachioe, Wee
oot pet Hxen daTaruined sul the chworvecical estinateas of this uass bawe
busn incragefug over the pasrs- The singlert snd sost “brate feres”
tuchmigus 20 Joorenss the smeIgy is to increass thy cusber af klyseyoms
facdlag the Linse=—doubling the oumber of klystrons lagrdisie the woavgy
by & factor of 1.4,

1II. EEN ISSUES I8 AOCELERATON PUYSICS

Tha oew gwbilenw tn accelazaior phyelcs which arisa L0 the REC (and
in 1tnaar collidecs 1o 3 t) ara d by the 1 ¢efon of thy
relacively Lacge charge in tha alectren aud pomicron bunchas wick tha
aceylerator strusture, and by che vary strong (compared f2 starage rings)
besiebins frtefistion that ocours ar the codiision polnt. Both of thase
problims have baen Loveatigeted theoretically and the beso=aces}eracor
intersction L» being thvestighted oxperimentally {n our RED progran,

In this sectiod both of chass silects are Jescrided.

A Pegactinse Joterscrions

‘Tha S14LTTSD 4nd poehtTes bunthos in the SLC siw &xpevisd to costaln
3 » 30" pertgcdes 10 4 stogle 5 Band hunch vhich fa Eovt 1 mm Jong, The
bunchaa srs abovt 100 tines rore Inteose thao the Sunchoy thit are

[
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scceleraced in cormsl oparmcion of the linac. A thia vary lacge chavrge
par bunch, spate-chargs forcecs thar are sormally nagligible can epuie the
affactive ssittance sud anargy spread of parciile bunchew to goow As they
pass thraugh the linasr agcelersror. This growth muyar ba limited bacause
che bunchas scat ba focussd to a 1.4 micron radivs spor at tha eollision
point. Tha propertins of the ico-optics which focus che bunches have been
chosen on the Maulption that tha enargy sprasd of tha particle agaches
jeaving the {ineasr sddalarator iam =0.3% and that che affvctive anittings
of the tunches is 3 v 107 vadtencaters.

It ia 2 simple matear to produca & low-intengicy Lass sxesnding this
spacification. AS the eurwemt in inerassed, howevyr, the ssittince wnd
sonrgy spraad of the bass viIl gras. The maximum cwrreat which cse ba
accelersted subinct to the condivions on maxfmxs ussble snittwice BAA
anaryy speesd 19 dscernised by the space-charge-contzul measursas which
are adopead.

The space=dhargs sffocts vhich are importane hera ave the hapd=go=pail
Cypd vhica aze qumman {6 particis accaleratoxs. The lesding paseiciep at
the haad of tha bungh leave behind fialds {wshe Fialds) ta tha 1insa AP
seruature that Set aa particles which follew in che tail of the bumch.
Goce cha distyibucion of flalds which & single parcicle lesves babind is
wnove, it 12 4 steaightfosvard aarcer te computs che space~chifge disTup=
tion af tha spsmble of perticles stiizh sonszituts a bunsh. .

Twa cypes of wake fisld trail betiisd 4 parcicle pessiog thraugh thd
tinas NP atrustura, Thare ia 4 lungltudinal wake which decaleraten and
& eranavarss vaua whigh defleces par, {eles that follow, Tha longitudinal
vaka field dependa only on the dingants batwsdn the particle genavating tha
wala Fleld and the pareitle upon which the vake Field acts. The teatsverse
wahe flsld ia mars compiicated. Like the Yongitudipsl waka this vale
deponds on the diatanse betwesn tha particls which genaratss it and the
particls on whith It scts. It $s mlso proportional o the distsase Detween
tha PAth nf LB6 QVMATAEIDG paTticis amd the geoomtTical centat ise of the
linkt BF cavitien, but is pandent of tha transveres position of the
parkicke on ubfch it acts. Thaye sre other higher order vake fialds which
dapant on higher powars of the disrancs bhetwsin the path of cha generating
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snbh fallouing parei-.n sod Cw 3xis of the WF cevitlen, bux chese Tlalas
sra wninporeant 4a bthe prasant spplicacion.

The trzzsvarae waky fiald chac causas growth in tha affective trans=
veras eattents of the buuchas and the loagitudinal vake Tigld that caudes
groweh 18 40APEY apriad 41T74r 4n thate demndency ww (e Jiwtascd betvern
cha deading particis char gneraras tho wak. aud the follawing pertvicie
thar 8 asted ok by the £121ds. Ior the van @ 9f Donch lemgths appropriste
to the Gollider, the cransverss wake increavay with lncresving Separacion
batween the particlas, while the lotgitudinal wals Jecresses. For this
reasor, Lhe aprgy spreaed Luctessew vhen che bumeh is made shortar, vhile
the trangrered 4aittence geowth decrasaes. The bunch lengeh, vhich i9 s
controlleble paranetear, wost G4 chiossn to bast balence chaws owo Space-
ctarge affesza. %oz ehn present Cailider psrawstara, » Gscseimn wunch
with & ras length of 1.0 willisscer 1a consistent with tha acceleration
ot S« 16“ particles/banch with ins required limies on emargy dpresd and
transvarae emittanza.

The effect of the lvositudinsl vake Fivid is 41lluscrared in Fig. 2.
Tha upper pare of tha Erpure shova the distribution of charge In tha busch,
i the lowwr part ahows tWe dacalarating vake iDragrated owar the limg:h
of vhe linag. 7Tha large eoergy oz of the particles maar che tall of che
Bizech can be partly eccmpensited by acoalevaving the buach ahdad of wne
eeuse of ehs RF vave (n the 1ins0. Paveicles In thu tatl of tde bussh will
TACAIvE DO AOAYEY than thwae at the hemd 7rom the matln RF fisld and
the oum of the main field and oha wake field gives ¢n energy =--7sd af 20,5%
ot ehe end of the itnac.

™ affsuts of the cranswarss wvuke fipld can be controlied by siesrang

cha teat 50 thal it 4» clomd to thy center Line of the sceolerator thus
mintnizing tha sivaageh of the fleldl and by uaieg & eightly tocusrd qua=
dtupoke Lateice 63 the iina¢, thus uininizing the emictedce grovth ren

& gtean vaks fleld. Fr 15 8180 Decessary to Inject ths bemn into thy
Linac with & NaTY 341l cospowsnk of fres bestron metice. Thin ten be
atcozplished by anpirical tuatog of injecrion conditions using stltianes
dacaccora At the aa8 of tha 1inae as senitors. This procsdurs hes been

ttied euceasafylly with ghatt trains of bonches during sccelerstor physics
atpericsnts.
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With propar atesring sand injection, the emittanca growth is dacerminad
by r>» randon misalignments of the secticas of the aceslsrator. Figure 1
whows the reduetion ia luminceity at the SLC collisom point arising from
tviatwvearaa emittance growth in tha lisec, varsus the ras misalignmant of
the linac ssctions. The Juminosity caleulatsd for the S5LC assumes a 100
afeson ras misaligmedor.

Pigure & alouws the results of a computar simulstion of the effecty
of the cransverys vake ic 4 Risaligned machine. The position of the
canters of various slicss through the bunch are shoun in % = x* phage plane.

5. Sase-Sesm Inveraction

Linsar colliders achiava a high luminosity by focusing the Desma down
to & vary small size ar the collision point. In the SLC che very lutge
clarge sl current deasicies at the collieion point give rise to 4a effec-
tive fiald v the bems of tha order of a wegaga.ws. For the paremacers
ef the 5IC, one beas looks to the othar beas like a majmstic lens with a
foeal lengeh of sbout i mz! This streng focusing mceion Tesults fn s
mgtusl pinch effact thet can significently incressa the charge dasaity in
the eollision vegion, izcrsasing cha luminosity over what 1t would be in
tha shasuca of the baza-basn sffsct.

* Hollsbesk has done p 3-dimencgions] cvuputar simulstion of che pinch
effect.? The strengeh of the intsractivo is measured by s disruptiecn
pstumter dafined for round Geussian besms as

o, N Ty o,

'-_._-._-.. (l)
R

share o md o, ore tic longitudianl cnd transverae standord deviscions

of tha tunch, £ Jo the focal length of che tiagnetic leas formad by one
wpartarbed bead a8 geen by 4 oingle particle at small displacewent in

the other besm, ¥ ic tha nusber of particles in the bunch, e is the
elusnical electron vodius, ond v Lo tha cuergy in electfon res: wmass units.

figure 5 shous on =,z pTojection of the parrdclen in the o  and o
buouchzo during the aollisien. A2 the bunchos approach cach other they are

N
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Cayasign in borh dimsnsicos. As tiey Ssgin to overlep, she sitong fovws-
ing sffatt ol the besirbusw Interictics hapios ko Luctesss the chOTgY
density alaay the exis. At Ehw podne of wazisus overlap, the cantral
cherye ¢ansisy ia graatly iszraassd. The hamem Tinally separste, Deviag
hasn sryengly disvupted by the collision. In this axanple the divevgence
angle ie @ity thin s oinder of mymitude lazger chae tafore the colligiom.

Tha pinch affect incrsases thd lumisoaizy, end this iv shown quanti-
tativaly o Fig. 6. fure tiw Luminosity eahaocemant fae-sr (the votiv of
the sctull luminnpiey imoJuding the pimgh to the Lmtaoeity which would
Mve baen shtainad with no piach) 24 pletted agaisst the Alervpeicd peram~
atar. The eabascement f4ctar setyritas 4¢ shout ¢ty fov a disrvption
pargmutar of owa. For Largar values of O, the buam crest saction assillates
during the codltaton and no furthet ioaresse (o the waas charge deseiny
occars. Tha SEC aparates 4t D w 0.4

Tes letgth to dimmter raclo of & busch ot the collision poist i
about 160071, fer this lavge rvatic, ©08 muat vorry about plesam icstablii-
ties. Feuley and Las® a1 Lawrance Livermore Laboretories Bave eoditied
obe of tdair plamm soder te tundle the axtresm relstivistic cave ad
find s fostabilicy problews op to 4 wvalus of D ¥ &) {two Datecron
oscillations of a particle ta the [iuld of che ethay basn).

Slollsbesk ban alse studisd the offect of nisalignoants and finds uo
significant reduction of the lomisoaity "~ tranpverss offssts of uwp to
V2o

I, WONINOSITY, YLILDS AXD ENERCY FPRALAD
The humivesicy of by L at 100 Ga¥ in the centerenf-ugss t0

expacted 1o b 4.5 s 107 o™ 2"l Mty luminosicy i lazger than tudi-
carad 18 our deaign tepovt of Juns 1980, fur wva hawy sov succaeddd 4a che
$s3ign of & 4isal fodus system vith #% » 0,4 ca snd have sl Lahee

propes asesunt of the bazoebaan intersciicn.

Tha shire of the lvafnosity cutve varsus enargy (Fig. ¥} ie dater~
uined by the Interplay of sStedaric damplog and prassvesss weke field
s2fact 10 the Jingc, quastum fluetustions 1o the Byzzhretron tadistion
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anittad fn the migiata that bring v beics from the lingg to the collision
point. and che besi-basa datevectien. Aa the onergy dacreasan from 30 CaV/f
baan, the gusotwn Fluctustion effecty decrases asd the transversw vake
affecea incresss, témulting in s Tefrly flar lwminoeicy curve. Abowe

A Call/basn the quantus effeces begls to domtnste and thw luminosity
bigine to drap, rakebing shout 70X of its 50 Ga¥/Gaam walua st

¢ GeVibemm.

The fotegrated lunitosity axpacted par year is obtsined slnply by
mlriplyiug the peth Lumdnosicy by the cime OF of the licesr avtsleracor.
ibcluding so allowases for the (vastion of the timp that can rastedsbly
Bba szpucted to be sfficlencly used for data taking. The situstiom fn the
BLC is guite diffarent from that 1B & Motage ting, vhere an a¢digionet

aeing lactor musk be added 0 take account of the decrasass 18 lunivoaicy
caussd by cha decay of tha etorsd besm cutrent, and of the tiss spant
21113ng the ring. In practica (JYRAS, PETRA, BEF), tha wifactive lusino—
tiry of = stozage ving sust br decreassl by shonr & Zactor of thted from
its pask valwe.

e estimmte the pearly inrégvated lomissaity of the SIC st tha avpected ,
2% peak o ba

SZawin 1" of @

This wvalug L based 0B the asmoption of 40 voaks par year of licse
unning cims and 30T affeceive dsta~taking tise (the 303 dersting factor
i to accoumt fov €188 apant oa Wichive phyaics, oa othar uses of the
Inge such ss storegectieg fills, on breskiowms in the sxperimssts, écc.).
The yearly scowwiscad susber of evinta at tha Z° pesh would bu

T2® = 1.3 » 10° par yaar )

Vhare us ssmmed the skandard wodsl velua of R = 4500, which insiudes
radiatirn correcticta. If thars Varé no I°, uaing ths knmwn sLPenpth

of the neutral-cutrent weak incerastions we would expast | co ba beut 10,
and the yearly aceumulated numbar of wrince would be

!(ﬂ!.--).mplrm {4y
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The energy sprtead in the SLC 1s dominated by longitudinal wvake-field
effects in the lingc. At full lumirosity the energy spread in the ltmac
basws 1iv about 20.5% (aach bagm), quintum effects in synchrotron vadie=
tion from the bmnding magnets ccatrivute negligibly, and the synchretron
radistion emirted in the bead-beam collision conttributea about 20,22
{ineluwding the offect of ths lLuminosity enhancement from the beaz=hesm
pinch), The centar-—af-mags encrgy spread is

1/2
‘o L0+ 02 o )
& i

Yor specisl experimests, such as a precision seasurement of the Z° videh,
the ecexgy spread can be reduced to awcut 20.1X wich a logs of a Factor
of three to five in Lavicosdty.

¥. PHYSICS POTENTIAL

A large literature exieta on the physics potential of 100-CaV a*c'
colliding beams.5 [g this westion we shall not artempr on ashaustive
review of all the ;aysies that ona could study; rather, wa select a few
topies that ochow what tha SLC can do in some staodard, and nos=-so-ggandard,
xperiments.

&  Tesving the Srandard Model

Ouce the 2° wans can be Taached in electran-positrod collisicas, s
saries of wery precise tests of the stanZzyd SU(2) = U(1} cheory can be
wnle, and the one free paramgter, auzu'. con be measured o an accuracy
of a fev percent or detter. Simply finding the Z° peak alrvasiy glwee
infoyuation on ol.nzau. tey Rz and 6, a2 related by

¥, = 37.3 Gav/siae“ cosg, - (6)

Hith n!nze“ = 0.23 {prvescnt srrozs are :10%) extracted from polarfzed

elccrvon and noutrino axperiments, mnd uging lowest-order formulae,

"z ~ 90 GeV. Highor-order correccions shift the mass upward to ~94 GeV,
A meagurenent of M, to $0.3 GeV from the rodiarively-skevad event yield
VDX3us coergy curve givesg unze“ to :0.0015.



Ao independrnt @i vary scnsirive mathod £0r determiniog ¢1n%0, comss
from measuring the vector coupling of the Z° to charged leptona such as
the moon, since the vactor coupling, with the assigmment of intni:ou to
left-banded doublets end right-banded atngiets, 13 g « (1 - 4 sa’s).

As ain 0 is close ta 1/4, By i small; its deviation from xero thus
yields =h| devistisn of u!.nza from 1/4.

Mora specifically the froot-back angular asymmetry im e+e- - u"'u' i
proportional o

By % % &
5 ('A)z {ey)” + ()

This asympatry, baing effectively qudratic in the small quantity

By = & = §s 18 coly & few percant at the 2° pole. I¢ slso hus & repld
enexrgy wiriation, so chat vhile it is possible to determive 8y and heuce
-mzsw accurately clu.s vay, it is difficulr and probadly estsils runnieg

at enttilas olf che 7 peak vhere arymetries ars large Hut counting
Tatea low.

Wich the longitudinally-polarized electron beaz availalle in the SLC,
the sams sMasuTemant hecomes mych casiet. An electron of definite helicity
produces 8 20 of definite helicity. in which case the front-back engular
acymaetry bacome pyoportionsl to

wEH .

@) + (&)
This 12 ¢ffeceivaly linear rather than quedratic ia g, = gy ond leads to
an asytretty of 10% L. 20% at the Z° by reversing the longltudinal polari-
zation of the galactroo beam. The croas section diflrcewce 48 proportional
° gy g:. This {z trus net only for the total cross sectiem ou: alio for
any partasl hadronic or leproniu crosa section; Cthus, § meapuremnut can
be made using any kind of detector (celorimeter, spacial-purpose, ete.).
“he expacted asymmetry 15 10X to 20%, and chis type of measurement ig
wique £o polarized aoams.
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Lookad at the other way, tha ouon asymmetry and che electron croas
section agymmetry with polarized beams ave elegant vays of dotarminming
8’5, and g!,'lg}. which ean then be checked agaiast the forZulas of the
staadard model. Similarly, we con duiarmie vhe cauplings of the 2°
t the tau, Here ve also have the additionsl handla of ran decay as a
polarizration amaayzer. For quarks we sve in a much more difficulc eitus-
tion, since quantities like the front-back asymantry requira dacaraining
the parent quark in a jet. This detormination may de posnible with vertex
tagziog, which i described in Section V.C below.

% Nev Pareicles

At the sswe tims as one “Finds” . 7°, one can also Beasura its
width. This ssseurement parmirs the "eomae. * of the mmbar of lowemasn
neutrinog, for in the standard model each additional neutvine adda about
160 HaV to the total 2° width. With the fullelu=imasity $1.C mnergy
spread of gp,fE® = £0.4%, the apparent z° width s tncressed by 4% frop
the energy apread in the beam, vhile each additiopal neutrino incceaszes
the wideh by 63. [If {t was deairakle, the SLC cauld he fun at reducad
luminosicy with & o /2% = £0.13. While unfolding tha rediscive cail of
the 2° will be difficulc, “counting” to 21 neutrine secms quite poseible.

An altorvative @athod of neutrinoe coaunting ie ¢o cyn the machine
above i, detectiog the radiative transition to che 2% and the ebsance

of any othor Z° decsy products.5*? This tegglog wathod sppears to be
more precise than the width fechod.

Searching for either charged or neutral heavy lopcons ac the SLC
would follew the path lold down by che dlgscovery of ths tau at SPEAR and
the searehes ot PETRA and PEP:  look ot lov-multiplietcy avents with e
and/or . WVith a neutral lepton produced in ~3% of 2° dacayn and a

charged lepton im ~3%, detection ocoms otroightforward with emly a small
intaprated lyminosicy.

8sarching for new quarks s noorly oo emay: {f alicwad by phaee
opeco at gll, Z < tt chouid haove o branching rotio of ~10%. Tha avent

e
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class scarched is almost the opposite to that for leprenst high
maltiplicity, high gphexicity, poenibly with multileptons. This is the
sort of search that could bo successfully comducted with the First fou
thousand 2° decays.

Finding toponfum and the bare top threshold is a good examplie of the
ies the SLC can do below the 2° peak. Suppose m, = 30 CaV and
nﬁ-GDGcV- The sres under the lowest (tE) vesomunce can be scaled

fron the ares of the ¢ and is
2
fo(t't')dz-l‘(i) = 27 ab-Me¥ . o

8.

[ T3
With an euecgy spresd in the SIC of about 21/I%, thiv correaponds to a
croms gection of 4,3 n 10™2 ob, whish £a a change of 1.8 units inm R,
Given the luminosity of & x 1030. it takes 1,3 days to establish a
4-prandapd=deviation sffect. A few mooths would auffice to sesrch the
entire enecgy rangs &bove the energies scempssibla to PEP and PETRA.

]
:.
]
4
i
!
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Battor mass resolution can be obtiined by decressing the enargy spread
in the beam. Although this decreasss the luuinosity, in firat approxi-
macion che rate from & nartow resonance doas not change while tha back-
ground vate decreades.

Tane chreshold for the production of T mesons csa ba detarmined from
a spharicity anslysia. Using the Mark 11 Monte Carlo isxluding o, d, s,
< b quaths, radiative corrections, and gluoms, the mean sphericity st
60 GeV 45 3 » 0.123. Por T mesons 8 = 0.413. If a rast ia daffesd
vhich counts the nusder of ovencs with s » 0.5, about 5 of "old" quaxk
cvents and JIX of T weson &vents tre cowntad, About 10 days 1 required
to eatablish & 40 elfect.

At tho opposito extreme are searches for the Higgs booen. The
process of preferonce 15 2 ~ K% 'e” or Bu*1", With branching ratios
of gevoral times 10°° for W, < 30 GeV, it will tako sbout @ one yaar
e at maxizmum luminogity to do something definfrdva. Tao situation
is bettar according to recent caleulacions for Z decoy into a pair of
poeudo=Goldotone bosons axpocted in technicolor mode's which contain no I
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elantntary Bigge fields. Seme of these bosons sre expected with waswen
0010 GoV) and the 2° would decay inio pairs of then vith branching
ratios of order ona percent.

C. $ 1O} tima

Yartex 4 gection. The bean rodius at the 510 collision point is
only ~1.3 u, sud che sngular divergence 9f Che bean ip wmall. The
prasent design of the SLC final focus wystem uses & close+in quadrupole
of ubsut le=em bore dismetar, and thus the vacu:a pipe through the i{ater-
action vagion can also ba shout 1 cm in diemetar withoa. creating back-
ypround problems.

Ths enall Lead pipe ailoved {o the 5L presents nev opportunities
for ifetine vensutenentsn and particle fdentification. For sxample, the
best lifetime measurement of the D' mason puts Ty batwean 6 * 10723 and
10 % 10713 ggc. Por & 25-Gev/c DY, becween 29% and 45% of the D's decay
outgide of tho besm pipa. Appropriate detectors (holographic bubble
chambers, high-resolution solid-gtace detectors, or pracision drifc
chaabars, for exswple) can be used o find the decay vertex, &nd this
iaforaation cen be used to =paoure shore lifatisas (to about 10'”';) ot
au an aid in tho identification of tha parsant particle. A great dosl
of physiee bocozen posaibla with thas orchnigue. Por excmple, leading D
musons can be identified, allowing g ds.ormination of their weak
eoupling,

Since the boan pipe 190 gnall, the daepetors need only have a small
dapih of field to cover a larga fraction of the solid ongle. In com-
trost to tho SIC, storage rings typically hove beam pipon an oxder of
mageitude layger, making tho sooouremints core difficult and the
dotectory lorger.

#sopurozent of the lifetino of o lopron such as the t i3 3 simple
gatter for thoy ore oot pccocpanied by o Flood of other particles
produced at the pricary vortex. Working with D, B and T wesons will be
ttoze diffiecult for thoy will be cceomponted by other particles.
Dotectors noed good trammverse teooleiion to plck cut the appropriate

TTRRPRpMBMSS - o



tracks, Pubblo chashers have been oparated with 8y bubbles (holographic)
to 30» bubbles {(conventional). Solid-state-dinde chamhers sre belng
developed with ~i00y reaclutauz. Mith vesolutions of this ordex, »
dazector vhould be gble to geparate tracks at 5000y from the collision
poiat.

D. ¢ -e Fhysiea

Although the masn focus of tha SLAG liaear collider fo o'v-
annihilatier, the SLC has the uaoiqua eapatility of providimg high-enezgy
¢ o collinions with fully-concrallable electron polarirstion. Thia
opans up & aumber of new physics opportunities:

1. The basic procass ¢ ¢ + ¢ @ cau be studisd at £ = 10,000 Gev?,
In addicisn to checking standazd festuras of tha alactroveak :odels,
this procecs provides a praobe of lepton substructura at disteacan
down to about 0.5 (Tew) ™%, Single and deudble polarization measure-
oents s§ye even wore seneltive to poswiblae daviations of the
¢ o <@ gmplitudes from conventional theory.

2. Searches for processes such 8 88 + U ® o W U + T & o and T T
wiil place further coastraints on lupton consarvatioz. It is
expected in many grand uynified oodels that lepton-oumber conserva=
tion io o broken symmetry. In Nazori's Rishon model tho eloctron 1
a composite of subfermions, and the nuom and tau corzespond to
different interpal axeitations o7 this systen, If tha internal
“hypercolor” mass scale is in the TeV regioo or below, lepton
ounber nencongervation subprocesses could become manifest in the
S1.C unovgy raage.

3. The procasses ¢ ¢ + & ¢ X at SLC prcvide the opportunity to ocudy
the two—photon procese:s vy + X up to very high ensrgice in
ioolation from amnihilation processes., Photon=photon coll'siocns
allov che scudy of hadrun dynamics and fundamenkal QCD procossos
in roaction. where the initial state is simple snd conrrollable.
Exclusive and inclusive eross sections csn be studied ns o function
of phoron polarization and, in the case of lepton tagging, oo o



funceion of photon magp. Ameng the processes that cam be studied
with polgrized photons are:

3, the total photon-photdh &rods section c“{s);

b. epecific exclugive channels euch as vy -+ MM and searches
for asw C = 4 2ococn, e.8., the large threshold enhancesent
observed at PETRA and SPEAR in vy ~ 9% which may indicate
BEW G493 OT g8 resonances;

e. the photon structure functions {including F), which requires
lotgicudinally palarited photons), Neasuremend of the
scoeling behavicr of tha photon structure funceians can
provide one of the most critienl checks of QCD.

Ths luminosity of the 5LC in the & ¢ mode must be reduced from that
given for the c"'a' wodn, The reagon for this reduction 15 that the begm~
baam intgraction, vhich pulls eleetrons and pesitrons together, pushes
slectrons &nd electroans gport. We expect the anrimem Juminosity in the
"a" mode to ba about 100 eo”? gect,

Vith this luminosity tha a e alastic peattoring yicld in the
angular range 80° to o 1a ~10/dny., A titr to che angular d. -tribution
obtained in s 100-dsy run givas m cutoff paratcter lioit of 200-500 GeV,

The siynasure of lepton nonconsarving svents 1s unique, and with no
cbaervad evants, the ooneonsezrving soplitude can be limited to slX.

Ths vy rate for doubloe-topged events (A0 < ¥ < 300 crad) with 16 GoV
el ghove in tho vy cengor=of-mane 4o sbout 30/doy.

VI, ACCELERATOR RESEARCH ARD DEVELOPHTNT

A, Introduskion

¥a aro conducting o broad Tesearch and dovelopoent program at SLAC
on linear eolliders ia geneeal, and the SLC in porticular. 1herce are
feur cola 1i00d to thic progren. The firpst 16 tho “Sector Goe™ prograo
uhoTe ©3 ara davaloping the high current electron gowrce nccessary for
a lic=gr colltder, aad cquipping the firot 100 w of tho linoc with the
cceeooary foeusing, controlo, and boon couitoring 0Qw., tent ko Denssure
quuntacativoly the offocts of the tramoverae wake fiold.

B
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The second item is the conmstzuction ¢f 2 damping ring which can take
a boam from the firat section of the linag, shrink the besan's exittance
to that typical of & livesr -olltder, and reinject the basm into the
Anac for further accrnleration. This Lz the most costly element of the
R&D program and when completed near the end of 1982 will allow us to do
2 combination of fundamenta! work on colliders and developmant work on
8] 7 componenta such as controls, beem monitoring, etc.

Tne third part of the program ig concerned with development of com-
ponents for che SLC itnelf. The areas that are being studied are the
positron source where the required energy density irm tha positron target
1s very lorge, and the pogltrom eollection i Jd1§Fficult: tne Collider are
wignets which are small and have very high field gradients; and the final
focus systen which requires careful correction of chromatic and geomatric
aberratiecns to produce the value of g% = 1/2 cm that ve plan to usa,

The fourth part of che program consists of engineering studies of soll
conditions, tunnel construction methods and expericentsl hall designs.

This work ic being done for us hy Tudot Enginearing Company of San
F anciseco.

In addition to thia work, we are doing soma mystly thaorecical atudies

of big sollidera. Scme of cur thinkipg about big macbines 1o dosgribed
i the next ssction.

In the remainder of thins naetion, mera dotoils va given on the main
ports of ¢ur 4D progran.

B. Sectoy One

The first 100 mater noction of the SLAC linac (Sector One) is the
pite for three copto:

1. the devalopmant of a now high-intencity, aingle-bunch injector for
the 51C;

2. the convarasion of r™» preoanc control ovaten af tha linse ¢to o
protorypa af that planncd for tho SLCy and

3. a demonstration thae the besp produced oy tho ncv imjoctor can bo
accelerated 1o the linac and ipjicted into the decping viog.
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4 omw afijector has bean Bullt vhich produces were than 10“ slectrons
40 & wingle $-hand bunch, Tuis Injeetor appears to ba sfaquate for the
$1C. The tnjector conttpl ayecen lz preseantly belng modified to allew
remnta oporstion of ¢he v lonjector through tha SLC control progrems.

The msgner fogusing syirfen throughout the inj#cior eod Sector fge hao
been upRraded and extendod to allow tha SLL conerul pruograa oo sar the
mmgoet loctice for ainimizaeion of the bets function md for epargy coo-
peasation, thus milowiny cacching to the Injeztor emiccknce aXlipes. The
injeseor Line conmfats of s weries of colennids and guadrepols criplsta,
s Swctor One dp & PODO myray of four cells vl.:hm 90 P¥a wevacne POT
eall.

It fa Lugoreast that the buse renein closs to the axie of tha lias:
in guder o pravenf e3itiacce geowth sszoclsted with rranrversa wvake 1ialds.
Hew, highly ateqrute barm posisicn onnitors have bean dnseelled Ingide asch
quadrupels. Tha 518 cestrol systen weofrors the bemm poaicien, caloutater
cthe appropriata orblt cagractions, and then adjuste the steefiuy dipolec
locaced at esch quadrupcle. This cew comtrol systez bt been successfull -
tested during cha post year.

The high-incwnaity, siogle-bumch beam is belnp cxtesaively tepred
to Sector Oue. Additicnpl ipstrucsaration icstalled for measuriog bean
parmwiary tncludes anstgy anmiyznr~ ot the begirwieg end esd of Secter
Ona, ard wevarsl profile wealtnTe. Tha fnlcial bean Zasta wate cooducted
1n et lawc fow wvemks of the Spring 1581 nmutng cycle. Thess first
teats achliered & bam trazsporked through Sector Ome of 2 = m“’ slactrous
par pulzs, & factor of 3 below tha dasired fncensicy.

In ovder to omasure the magn.tude of the woks field phemoitona, & lowst
totenmity bunch of § = 109 electrons vas alloved 1o drift fo the Fipal
part of Secoor Oaw vhers it vas given variovs tranoverte offasts up to
12 = calng the orhir corrsctors. The abesrved deflections in the tait
of b bunch relative to the hwad of che bunch agresd within srvore of
SO% with the predicziens of eaks fiold thesty.

Crengas 10 the Lnjechor, wh'ch ore expasted to reducs catktance
grovth aad steuleanesaly to fuprove transhdezior, =ra nearly completed.
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Thega change. tnciude oev focusing sicownts 1o th3 n.dector taglon, aew
begs diagradctic equipmunt, and axe.talon af the ALC control eyetan o
inclute the injectoT mimering.

Theas Toats have bown auda with a high-perfo=aance thermionic alec—
tron gun,  Io parallod wirh thio, & lager-activezed, gallius-arsenide
caghode gue hao bean bullt which Lo coopatible with che exiucing injeccer.
This gun, ehich utes s code-locked, (-rwitched lamer will ulBloately be
uned te provide polacized slectrone for the SLE.

C. ing Ripg

The danpiog rings taduce the transvatse phase spaze of the c’ end &
beama coming fron Sactor Que af che linsc by several ordecs of magnitude,
thum providing the emall emitcasce tequired for subgaguent acculeration
downt che lingc te cha fimal high-~d4agity colllelony st - “= {ntarsgtiam
poinie.  The dwpign of che traosport Lisey to and from the ring ousc #llow
for contral of the longitudinal buoch langeh of boch beams, as well an fore
Presetving and wanipularing the wpit polariraticn of the slectron begm.
The purposd of the Bsl progtan tn thiy avea Le hath to dewelop The ac-
¢:leratot tachoslagy yequited by the dawping rings ond to provide an
apparatuy wich vhich ¢v tast :'.a Jinec waka fleld calculaciona. fo ac-
corpliab this, » sipgie high~f4mdd, high-gradisnt, high-tune ring for
elovcrond is balng tuilt. The project wese (nlefaced io Octobee LIBG, xad
prodent plane call for low rapecition rete injectlon tests into the cinog
during the SLAC running cycle of Fall 1952, with teats of roinjecticn fnte
the Linsd i cha Spring of 1983, The domign perzmeters of the cing systes
are mow fixed and the optics dwsign compleced. Th= owerall dapign is
shown 1o the snginesring drowing in Fig. B.

The complaxity of the syscem tesults froo the future Tequitemsnt of
dealing with elecCron spin poleciracion. The Jengitudinally orlented
spin of the wicctrons ouat first bw rotsved perpendicular to the hasn in
the pisns pf bending, sad rhen rorated ogsin perpendicular fo the plane
of the ring 80 that ths pelarizacion s gat lowe Lo tha 50,000 curna of
che daemping cycid.
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Fig. 8.

Layout of the demping ring and its traasport lines.
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longitudinel phese compression of the bamme leaving the ring io ac-
complished b= exchanging phase sprasd for energy apread through accelera~
tion i sn AF field at zero equilibrium phoss and then pamsing the beams
tizongh an achzomaric buk mon-isochronous tragsport syeten. The traasport
1tues wust £ls0 mitch the eight besn parameters 0., oy, 8.0 o, q.. o',
L n" at the four injection-rtraction points as well as maintain overall
length covatraints consistent with the bexma® longitudinal phase. ALl BF
cospongmts vill operats in a phast~locked unde at subsultiplex of che
1linae frequency, and all compoments sxcept the riog iujection and extrar-
tiop Rickers will rum DC.

The contract for the vault to bouse the damping ving was lec in May
1981, Bresk-in co the linsc housing for the two transport lines was com-
pleted on sthaduls on Septembey 1ll, thus permitting the linsc ro scart op
for the Fall Tunning cycle. The wain project, construction of the vault
itealt, is schedulad to be finished by the end of Docesber. Electriccl
fa28d4cien, such ss mijor transformars, ars vendy and the mechanics] ser-
vices will be prepared in the Spring of 1582,

There are 212 vagnets in the damping riog aysten, The ring bead
magnet model, with ies positive and cagative saxtupoles at the ende, 1s
fioished ent measured. All steal 45 on hand, and eoil production han
bagus uaing swversl coll-windipg machinas in two-shift eperation.

The 17,000 'fins-blacked' laminscions raguired for the quedrupolc~ are in
hasd and elghty cores have baen fabricated. A trimming sexrupole Jdsaigo
exista. The gpocifications for the eight msjor pover supglies and ahout
40 quadrupole trimming cupplies, which provide PC pover for the full
&ystee, have besen written.

Caleulaticng of synchrotvon radiativa power into the wacwm pipe
¥alls hsve shown chat distributed punning Lo required to foach a
prasgura of 5 x 1078 eorr. Clearing slectrodes mnst aleo be provided to
temove ignd fron the b, The quastican of bestrelectrede interaction
are being studicd in detail bur are a0t thuught to pregent serioms
prableza.

A curpluo KF trancmitter frou CZA %o been rostored ond proviced with
¢ nev kiygeraa. Power tonts £..:9 4 viter logd are scheduled for October.
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Patts are being ordered for the lcv-level drivex which is similsr to tha
asucceesnful FEP dasign. Considerable theoretical work on dynamic beam
loading hag heen corpleted, and csvity design 1 aestly comploted with
construction scheduled to begin in Novesber.

b. SLC Cogponeats
1. Fogitron Source. ‘Iwo componsnts of the positron source requirs

feanfbility studies: the targat which 13 dosdarded by the primary alsctron
besn to produce posityons and the downstress high-field pulsed solenvid
which s pert of th® systea to captura the positron spray snd rativn it

to tha injaccor end of the linac., £ ..uyeam of testing warious target
aateriala vas carried oyt during the last year it the alectron base at
SLAC. The tests AF . vem diffarent stylea of golid tavger showsd that
scvera damage ocours for high enstpy sleztron pulses {~25 Ga¥) of >10%
e/m’ uhile 2o dassge occurs for prolonged sxposure of <7 x mm d-z.

With appropriate scaling co SLC condictions, the cests indicate that
a solid, high-Z target of cungstez alloysd with 5% rhanium 1is feasible,
with a aafsty factor of twe to thrae = providad tha incident beam aran
is kept larger than 2 -I. corrasponding to 3 ¢ of 0.3 .

Two low-fiuwld, Eullwscals moduls of the pulsed solencid have besn
built and tesced, The ascond unit gave the desired flold profils,
sgreeing vath calculstions. It haw basn wcdified for testing in & vacinm

st a high field, using radiation=hard inpulstora. Teats of this model
vill bagin this Fall,

2. Collider Are Magoacs, A fullwscale, 2.5-mater-long ecllider are
magnet core has baen consceuctead using ‘five-blanked' lsminavions. Yhe
mechanical rigidicy of this cova mests specificatiouns; bhowaver, gnp size
variatioms in the laminations cesd isprovement. The wain coil is hard-
saodized to provide 1000-volt insulacion.

Magnetic measurewents are scheduled for eerly in 1982, using a
precision weasuring machine with a resolution of a fav microns. Conceptusl
design of 3 magnet support givder han Begun.
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High-fis)d, vars=garth perumaneut magnet quadropoles can be used to
good zdvantagze in the final focus of the SLC. Field Effecta Inc., of
Carlisie, Masyachusests, hae besn cngeged to advise SLAC regarding the
daaign, procurement Of materisls, fabrication procedures and messurement
of ssmarimm-cobalt quadrupcles. Their report hus bHeen complaced acd,
as a remult of this vork, s 25-co-1onp by 1.8-ce~dismetsr quadrupole
is being consrructsd. Parts are ob ordar and sssembly should begin in
October, while measyricg equipnent is being prepared.

3. [Fioal Focus,. The finsl focus systam cccuples toughly the last 100 m
of tha collider are bafors the collision point. In this reglon, provision
mugt be made for § mstching, dispersion correction st the calliaion point,
snd abaeretion consrol. Tha syatse which has been developed hag been
chacked by & sscend order tay tricing program and achisves the desired 8%
of 1/2 ea.

The last quadrupole of the final focus seetiom will be within a mecir
of tha collision point. The samariuze-cobalt permanent magret quads that
we hxve bssn studying bave an incremincal permeability very close ko one,
sod high cosrcive forece. Thase properties allow theas magnets to be im-
mrasd in a solensidal detactor fiald of 10 to 13 ¥G without affecting
their focusing propsrties,

4. Linas ing. There ere three components to the program

of increasing the enorgy of the boamo avatlable from the linne ro the level
peadmi by the SIC. one invelviog the SLED mode of linac operation with
curreut kiyatrons, and tuo favolving klysrron development projects.

In tests of che SLED=-1I 3 pgec node, the curremt 36 MW kiystroms
presant two tyves of problens. The first is an increote in missing pulses,
dus ¢o either high-voltage breokdown I the gun vegion or RF breakdosm in
ths kiyetron cutput regien, meinly in the output vindow. The aecond
yroblen 1a that window fractures occur tore ofton in this extended pulne
operation of che tubes st 7635 kV.

Several steps have been taken O corrsct these problems. A tube has
baen built with a lover gradieat gun to avoid the high-woltage breakdosms.

e ——
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Another tube is being built with tuv cutput cavicies in order iv rasuce
the output voltage actoss the gap. Window dasign and cechoJslogy are
being .viewed carefully, with spscisl mphasis on the use of higher
purity cecamics gud better controlled comting techniquas. Rasults frowm
recent tests with such tubes are very encoursging and dats on full
design i{mprovement should be availsble during the naxt yase.

A design atudy tor 42-49 M klystroms with the naceasary fecuaing
magnets and high power scdulators has tecently bagun. A 42 M tube,
operating at 300 kV iu che 5 weec mode with improved SLED-11 caviriass,
would give the required SLC beums with the presest complesent of 243

ascarfons. At 49 M4, the existing SLED cyvitiew would be sufficient for
SLC oparation,

Another epproach i through a nev generation of 130 M kiystroms,
operating at 450 kV with 1 umer =ulses. A progrma to davelap such tubes
has been underway for about one ysst in collaboration with the Japaoess.

With 245 of these klystrons, the SLC comditicus qould ha mat without
using the SLED cavitics.

E. Sitm Eginur;ng

SLAC hzp retained the sorvices of Tudor Enginserisg ae an erchitect
and enginsariag fira to pecform cive Title I sod Title II deaigns of the
collider housing, the exparimencsl hall and cha site work. The main
geotechnical field work has besn to deternine 80 cptimm eunnsl aligne
ment having & minimal envirommentsl impact. Ths results have forced
the funnel and interaction region locations desper undar tha surface,

such that the intaraction hall will ba & desp pit instead of & surface
atrecturs,

Rough cost estimstes sro being mede and preparacions are under way
- v further gootechodcal stulies sloog e twmel site. AnOthat arrauge-

memt iovolving tvo interaction poiute, cos 14 matars east of the fivst,
is also under m.

Title I depign of the tunr.ls is schaduled for completion in March
1982. An saxiasl photographk of the SLAC site indicating SILC tunnael
locations is shown in Fig. 9,

[
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Fig. 9.
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423549

Acrial view of SLAC showing the location of the SLC.
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Vii. VERY WiGu ENEAGY COLLIDERS
A- Eing b a

Parc of tha sativation for the SLOC projeat is £o devalep the tech
oelogy of linaar cellidara ao chat s wery high suaegy machins ess bs built
whtd mush Bigher eergy In the a's  SyAten £a sasded for physdes. The
viyeics requitensnta st the payamecers of tha mechice, xed che paveaeters
requived for cha mackine pofuc co the sriticel technological davelopwente
that are saeded to make such » wschise possiviae.

Thore 14 44 yot 5o guideoce from 2's" exphrimance at 100 Go¥ oy froo
highrenergy Py expTinsscs to sac a0 #AITEY scela Eor Maw Phrmcumas that
one Bight aeat to fowestigats with s vefy high “*argy collider, Ve mmt
£9800 &t m ayprogpriare amarygy ecale ad will chodew 1 Tl tu the couter-
ol-Bass Syetex for chile discussisa. This aergy 10 ten times thit of the
mnmmnm:«-uumﬂgmmmmm-m
superconducting AP, and thoae sesus a largn encugh acap.

U1 also bava no zaidanca aB to the veguiced Luminosicy for auch &
1=T¢V collfdar. Ua oul’ o cross eacting to ¢4t 4 aoale for the comting
Tate 4t & given luminsaity, and wo simply do not know coough to da ware
thas guass 8t & “nlue, We shall aszauss the worsk cass, they the
Welabezgeialan aedel dasctides most of the phyaics of the veak-eleztro-
wegtdtic iateraztion. If wa Furthar dessnd 1000 u-pair aveota pay wyiaisg
yaar {(agaln weing 40 weeks and 501 efftcisnsy) uader this Jwauepties, tha
vequired lusinonity Ls 109 o uct,

If vestor bosona that madisce cha weak Sabersacion do ner da fact
sxise, and 4f the weak crows mection continuen to locressa aw 1k dows 4C
Tow y than tha y=paiy cruves saction vill ba ssar the unitary lisit

Cadous 30° timas cha Weinherg-Sxlam walue), sad lamimosicies of 1097 walL
sive sty wre svancs than snyons konows vhat o do with.
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5. The Mahine

Given aa atergy and g lunioosiry, tho mchine 14 sloost cocpliecely
spaeified, If ga amkic wothods of controlling bex-bead syrchrorror
fadtation At Ehs collisfor. poinc aze postulsced (co-ooving o's” beazs
eollidiog vith ssothey co~uowing patr, for swecple), this "besastynhiung™
deternizes <he enargy sproad in ehe colldaton. Ve chall goans chet oo
sattow resf ancos axise, uiﬂ-cu‘,u-- 3L £ tolevable. Tha perao-
aters of the sachine sxw given balow.

4 107 "2 ot
o 1 Ta¥
Tevatssat Exttcance (vo.g7) 3w 10°% cutem
i 0.5 ca

Semn Badius ac 500 Gev (e 0.4 aidron
Pulees psr Second 2000

Junch Langth (c’l Imm
Ststuption Parsaater 1.3
fahsosencar (yom Finch Eifecy (]

Tarticlas par Punch 4= m“‘
Accelerating Gradianc 100=100 MaV/e
Paver in Each Bemm [Ny )

Thy EAvarilant emitcancs of ¢b boam (5 the aame &8 that of thw SLE,
as i3 the valus al §b, The bess tadius Ls yeduced from chat af che LG
ay the additional adiabatic damping which cccurs during scceleration frcm
50 £o 500 Ge¥. The mumber of pulsss per sacond s Ab3uE § timas the
wrzimm vepatizion vaze of the ULAC 1inae, asd one wuld expect to
azcelezate sevarel burata per pulse of s linsc.

The hubeh length postulaced hare 3o a factor of v loager chan
planned for tha £10 and gives & higher disruptlon paAramster a0d & Larger
Jusinosfty MRARCEMBE than the 3LC, whily the Dunbar of pefticlies Jot
buneh 45 siightly lowst chen in cha SIC.

Tha $SCA2ATSTInE gradisnt is mxbh lavper than aaythiag wou In
routice ussy bt waporiments dons oo the SLAC scexluvatiog strmepurs showr
Ehit coppat can stand & surface slactric fiald »1£0 W¥/peter. Tha low
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field gradiants attainable in che superconducting system mke= {r lfkely
that yoom temperaturs, high gradfest RF vill ba the wost cost effeceive
acceleration uethod, but this i# by 0o mesns sure.

The bexm powver is Soderate, but en energy-efficient machine will be
zrequired (10X to 20%) to keep operating costs rmasonabla. Tor comparison
the SLAC linae is 4T efficimmt 1n its long-pulse mode and 1/2% efficient
ia {ts SLC wode. Electron ioducstion scceleracors havy been builr thac are
203 sfficient.

Huch eschnological development must be dona before a very high
«xgrgy machine cap be buile. The most {wportsnt regquirement is for am
energy efflcient, cost sffective accelersting system. The prospects for
susceas given Ffive to ten yesrs of RiD seep rsasonable.

Is the splrit of this section, wa wave cur hands and say "DORE."

€. Ihosiss

The beat syatematic speculation on physics with very high energy
eolliders i» in ap artiele by J. E114s® 4n the Proceedings of the Second
ICTA Workghon, Ellis' compilation af cross sectians is given in Table 2.
Tha Ellis wenu covers the usual {tems; ¥ pairs, point bosons, conventional
quarka and leptons, unew quarks, technicolor and supersymmetric particles,

Siuce his articls wvas written, theorstical inrerese in physics In the
1-TeV reglon has increased considerably, Among tha developments since
1979 havs bean tha following:

Jughaieolor aod ies axtensions. These theories predict a complete

amw gat of acrong {utaractions in the TeV ragion, with a speceroscopy
Buzh more complicated than cthat of QCD, For example, there are many
EOT4 VECCOY MAsons that oan be produced direckly in & e annihilatisn.

Quack gnd Jepton substructure. Many phyaieists belleve rhat auh~

structure Bust utdevlie the present proliferation ef quark and lepton
flavors. It arioes maturally in the conroxe of new strang interactions
with & ecale of order 1 TeV. Righ enecgy e*e” machines wirh their clean
avent structurc have unique capabilicties for atudying such poxaible pub-
BETULTUTS.
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COMPILATION OF CROSS SESIIONS
Taken from J. Kliis, “e'e phynics beyound LgP,"
Proceedings of the Second I1CPA Workshap, CERN (1979}
.- Croazesaction in
et =~ wnits of op‘ ks
Weak L) 1
vettor FAF A ~ 20 Backgroezd reactions.
bogons vy ~ 20
t 401 b. 18
. - ' Best \ays t0 ook for hatvy
s Wi 0.10 }lume
W .28 B* t'l's;.m m‘u' which are 2ot
"' 1.19
Farnicns a1 F ] A 2' concribution as
Q-3¢ 1) 107 Riiy!
3 generations of qq 5.6
New ' ~ 50007 gg A .IHQI”'I similar tp
Resonarces | New oniwm lor Proadenad by wk dacays.
Technicolout p 2 Asqumdng couplings siailar to
iy 1.9% Partowrs of W,
5 i"’w'_ 0 Pareners of 1 = ) part of 28,
symeceic | QOAIN-U) 0.%7 Fartrers of chavse =% quarks,
camtimam ) aies) 0.11 Fartpers of charga V) quarks,
[y 0.80 Fartoers of meutrel leptons,

Supersymmerry. The motivations for aupersymuatyy thenries have
growm grestly in the last few months, with the realiszatios that thay can
alleviste Dany prodlems with Higgses and their technigolorad alternatives.
Many more detailed prediciions can ocow be mada for the masses of tha
hitherto wmobserved sypersymmetric psrtoers of kncwn pageicles, which put
thes squarely in the center-of-mass gnergy range accessible to the very-
high-energy collider Jdiscussed here.
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TFor rTesent updar.e on apestuvlations sbout the physics to be encountered
in tha 3«TuV vegion, see M.4.8. Beg, Lishon Intermstivaal Couference Talk,
Rocksfeller Univarsity praprint RO/8L/8/9 (1961}; snd J. EIlis, SLAC Topical
Confaranen Talk, CERN praprine TH-3139 (19517, snd rofercuces therein

The duminoaity ve hava choaem, 1097, gives 1000 events per ruaniog
yuar for cha point crosg ssction., Rates per yesr for intevesting processes
wvary from 20 R for W pairs to 1/4E fer Higgs psirs. The luminosicy. and
ths the ouaber of avants, cas be divided arbicrarily becween saveral
dntecaction raglons {say four), and for some processes each vill have plenty
of evanty, and for othars rates ey be smarginal. Io sny event, the pro-
gruming of the machine pulses to the various interaction reglons is arbi-
trary. The Procasdingy of the Sesond ECFA Workshop include a discussion on
appropriste expavinental techriques for the energy range, and we shall not
digcuns them hera. Wa give below 3 fev examples of whar could ba done in
a4 mumning yaay with tha full luminosity.

Supposs that another weak neutzal boson exists at high mass (che z
of left=right sysmstric thaoriss, for example), and that this toson has
axact’y the couplings of the WelnbergeSalex 2°, If 1ts pass vere 2 TaV,

o p=rason froatebgck asymnetry weuld be 18X, and 1000 events would give
& Gestmnds d-daviation result., 1f ao asymmerry were obzerved, the lover
bound (50X confidenca) on the Z, mass vould be 3 TeV. For a 2 TeV mans
the u ¢ross ssctisn would allow a measurezent of the "new Welnberg angle”
or aisfey @ 0.28 ¢ 0,023 vith cha sams 100D events.

Zhabha scattaring can messure che "gize' of the electron. A fit to
the sngular diaeribution will detersine if the oo rodiue of the electron
ia «(7 'h?)'l. 4 range of interest to compheite models of the fermions,

The final ctakes generated in %™ reactions are very clean cowpared
€0 those produced in proton raacticns. It 18 likely that new phencuena
that ocour in the region Latwesn 100 GeV asd a fow TeV can best be
fovescigated with & very large o'e” collider.

Ty E G L T,
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B.  Further Speculstion on the Use of Big Colliders

1.  Elsceron-Proton Collimionn. Protons g¢ well a6 electrons o4t ba dee
celerated in cleceran linaca. For a machine fed every 3 o (lika SLAC) a
proton injector of about 10 GeV im raquired., Using the transverss smittance
of the FNAL lioac, an e-p luminosiry of 10° co % sae~l would be obrained

at 1 TeV. Use of proton cocling techalquas mould talse this luminssicy.

2, Proton-Frorten Collimions. Proton injectors fer buth linacs wouvld give
104 lJuminosity in the pp ayatem uithout goonling. Howavar, the lew duby
cycle may maka all but speclalised axperiasnts difficuls.

3. DUse of the Tachnology for Fixed Targat Machines. A gradient of 160
MeV/meter givas the same energy per uniy length of machins as is obtained
in proton machines with 40 kg suparconducting sagnet technolegy. Por

axample, the FNAL Tevatron is desigred to resch 1 TaV with a machine of
6 km circumference.

The big linac is alpo a low power coRsuMer ¢oaparsd to the proton
vachine. “or 101" protons per 100 seconds (Tavatron deaign intansity),
2500 linge proton pulses must be delivared in 100 seconda. The average
tesm pover for a 1 TeV licac is only 190 kw, Bven & 1% efficient lings
would uee conaiderably 1ess power thao the Tevatron (30-40 W),

In the 1940's, bafore the invention of the streng foeuning synehrotros,
many felt that preton linacs ware the bast way to achieva high anergy.
After the passags of 40 years, they may be proved righe,

IX. CONCLUSION

The cosat of tha SLC is 57 ailiions {p FY 32 dollars. Tha canstruc~
tion schedule is such thar the sachios could turn on 2-1/2 o 3 yaars after
conseruction authoriration. The physics capsbilities of the SLC are
clear, and 1ts rola as » tool for the developyent of lingsr eolliders
seems at lanst s¢ Important =e the physics which vill be done with e,

1f a large collidar is ever to be bafile, wome experience with chis
kind of machine will ba nesdad bafore snyons vill be willicg to commit the
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largs funding which will be required. We at SLAC balfseve thac the SLC
offars a wnique oppottunity to combine an essantial wachine devalogsant
progras with a physics progran that addressas some of ths woat important
quastions of the day. Wa hope that the High Enargy Fhysics community will
agras sod suppoTt oul Tequest to begin this projsst.
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