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X. Introduction 
I t say v e i l b* that the • •" phyalca beyond PEP 

and FETRA and and tip to 200 CcV CM energy w i l l deal 
primarily with tit* ver i f i cat ion of the standard model 
(SM) of weak and electromagnetic I n t e r a c t l o n i . Various 
theoret ical and experimental atudiea at workshops for 
coutempleeed ecce lera tors 1 . (SLC, WSP 1 , Z° a t Cornell) 
have assumed t h i s . 

Beyond 200 CeV the picture i s l e a s c l e a r . The 
absence of theoretical models with strong pred ic t ­
ion! comparable to the SM adds to the d i f f i c u l t y . 
In addition, the experimental v e r i f i c a t i o n of the SM 
i t s e l f i s yet to come, and one i s forced to make 
certain assumptions about the outcome. 

Here we j o i n some our col leagues In previous 
studies? ( i n particular J . E l l i s and X. Hlnc l i f f e ) In 
making the following assumptions: 

1) Z°» V*. l i g h t hlggs ( i f H. < 100 CeV) have 
all* been discovered. 

2) The t quark has been discovered i f i t s mass 
i s < 100 GeV. 

3} QCD l e bas ica l ly the* correct theory of the 
strong Interact ions . 

With theaa sssunptlons, we have produced an up­
dated table of possible phyaica in the TeV region 
(Table X). This table waa uaed as the b a s i s for the 
study of s p e c i f i c physics below. I t contains beat 
c s t i aa tee of cross - sec t ion , promising s ignatures for 
f inal s t a t e s , and some helpful comments. 

As customary we have used a (point) • 1 uni t of 
X as the unit of cross-sect loo: 

o (point) 

At E of 700 GeV: 

a (point) • 1 unit of X * l.ft x 10~ 3 7ca 2 . 

The CM energy of 700 GeV was • elected here from the 
rsnge of energies contenplated for'linear colliders 
(see colliders section). At this energy a luminosity 
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of 10 en sec i s a t ta inable with r e l a t i v e l y modest 
AC power, and an energy spread AE/E < 5 1 . 

At t h i s energy and luminosity: 
o (po int ) • 1 unit of R = 15 event 'day. 

XI. Phyaics-Ceneral 
Before we go into s p e c i f i c s , some general observ-

s t l o n s can bo made a f ter a glance a t Table X. 
1) Xf we exclude the Z° then the direct iroduc-

t lon of Z°Z°, V*\r and the 3 generations of quti-ke 
c o n s t i t u t e a msjor part of the cros s - s ec t i on (•** 35 
units of R). They a l s o sre the major byproducts of 
the new phys ics . Thus the direct production of the 
"known** physics cons t i tu tes a background to the study 
of the new phys ics . Two photon processes sre s i c a 
po t snt la l background ( s e * l a t e r ) . 

2) The new physics y i e l d s a . large number of . :sts 
containing ordinary l i g h t hardrons. I f one Ignore 
l i g h t hardron masses, the s i tua t ion looks l i k e 11°, 
physics e t SPEAR energies with hadronlc j e t s from Z : 

U replacing v ' s from r ° , n- By analogy I t i s expected 
that the reconatruction of Z°, W from pairs of j e t s 
would be very useful In understanding events in the 
TeV region. In Appendix A we d iscuss d i - j e t s at the 
W-maas. 

e « 
3) Except for Z , moat apec l f l c f ina l atatea 

have c r o s s - s e c t i o n s of the order of 1 unit of X. 
4) There are a few prominent s ignatures which, 

characterize the new physics 
a) Large Kb. of j e t s 6-8 (Ex: H° production) 

with d i - J e t u s e e s a t Z°, V M a s . 
b) High momentum Icptone i so la ted i n phase 

space (Ex: I I production). 
e ) Large missing energy end momentum point ­

ing into detector accompanying j e t s 
(Ex: t l + V v V + B " , tha V-palr g iv ing 
4 j e t s , or iaolated laptons aa In b) 
above). Ve can gee an idea of the r e j e c t ­
ion one obtains sgainsc q q~ s t a t e s from 
Fig . 1 (borrowed from SLC workshop). For 
*v 4ir so l id angle acceptance, a factor of 
100 re jec t ion i s obtained by requiring > 
25X missing energy for the v c a s e . Requir­
ing an i so la ted charged lepton (no nearby 
hadrons) glvee s factor > 100 i f we r e ­
quire i t to have > 2SZ of the energy. 

Finally wa would l i k e to s t r e e s the di f ference 
between detect ing the presence of new physics end — 
e s t s b l l s h l n g I t s psrametera. For example the presence 
of 8 high energy Jets eeparated in spsce i s a good 
signature for heavy Klggs production. However, euta>-
l lahlpg the Hlgga mass requlrea a few hundred euch 
events to enable the reconstruction of d i - j e t s in to Z*\ 
r , and the aubeequent recone truce ion of the llgjtama 
from Z°, W pairs.: 

This work was. aupported. jq.part . Jay-jheJPirectac^.fl£f j_cA_gf..Energy ..Beagarch, 
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of the U.S. Dept. of Energy"under Contract Dfc-ACUWbSF0009S. 
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Fig. II. 1: Froa SIC Workshop 
pat* 225. 

III. Physic* - Specific 
U< turn now to ths discussion of specific final 

states (selected froa T*bl* 1), their competing back­
grounds, and running tla*s rsqulrsd to study thea. 
What followa i s by no aaans exheuatlve. It i s aeaat 
to illuatrat* tha acala of physics at I*V m* *~ 
colliders. 

Uc start flrat with resonances, naaely t", heavy 
quarkonla, p_ (Teehni-Rho). Vaing Table I and Xef. 
2(c) vc construct a subtable Table II. 

1. z°' . Table II lhows that 7?' I* produced at 
the rata of 75,000/dsy at the peak, while the remaind­
er ia the tabic aaount* to 850/day. A quick scan in 
the region of 200 - 700 CeV CM in step* of 5 CaV , 
(100 stepa) is sufficient to find the Z° . Vilth Z° 
vidth •>> 31 and (AE/E) beea * 51, the affective R ec 
reaonanca is reduced by a factor , 3 . " . 3 . hence 

' 2 x 5 
the effective rate of T" production is * 23000/dey. 
Vlth two hours spent at each step, then: 

I 0 ' produced at 2°' aass/2 hra • 2000 
aactground/2 hre » 70 

Such en increase above background 1* easily detect­
able and 1* sufficient to map the shape of Z° reson­
ance. 

Total tie* foe scan = 10 days. 

2. Technicolor. Herw, a *pin-on* technlh«dron 
called p- appeare M» an s-channel resoitsnca In e+e" 
annihilation. Its eaas is. expected to be H p I a 700-
•00 GeV and Ita uldth i__ S 250-400 CaV. At the 
resonance peak. AR a IfrlO (•<• Fig. 2). Th< mat 
efficient way to aearuh for p. la to measure R(eV 
•» hadron* including, paaalbly, isolated leptons) at 
wV a 400 CeV and 1000 CeV. Technicolor ahould give 
o*. S 5-10 over this range. If this la obaerved, one 
the* searches for p. in a "binary" acaa, alternating 

Between high end low energlea to s e n in on the p*«k. 
Thia search ahould require 20-30 day*. 

In aoat technicolor model*, pj decay* exclusively 
to a variety of pairs of charged techniplons (who** 
a***«s rang* froa 10 to 250 CcV) end pair* of longit­
udinally-polarised charged weak bosane, V* wr . The 
decay anglular dietrlbutlon Is proportions! to *ln 29. 
One particular model la analyzed in decell in Ref. 3. 
There, one expect* i> 3 x 10* pair* produced at the 
raaonance peak In 10' sec. All events ere quite 
spectacular and i t i s relatively eeay to distinguish 
eaong the verloue decay nodes of Pr• 

20 ' ' I I ' ' ' ' I .' ' ' ' I 

(Includes longitudinal W*) 

1200 

Fig. III.Is Technicolor production in two 
aodals. Courtesy of M. Peskis 
(This Proceedings). 

3. Hesvy Quarkonia: These resonancss are broad­
ened by the decay Q * q + W aad Q * Bt + q such that 
they aerge into a contlnuunu The best signatures are 
the rise in R and/or the change in sphericity. Both 
suggest a acan. However, tb detect 2 units rise ia R 
with the So criteris requires t IS days/pnt using the 
solid angle cut diecueead below, or «• 15 dsys/pnt with­
out the cut. 

Tha next distinctive signature is the presence of 
6 jets froa ens wesk decsy sbove, with two groups (of 
3 jots each) back to back. The aoac aerloua back­
ground le 30 units of R of Z°Z°, V+tr production 
(Table I ) . As suggested in P.»t. 2(c) s cue o-i solid 
angle of coa 9 < .S leeve S unite of R. However, this 
final state contains 4 Jets. The probability for a 
quark Jet to becoae 2 Jate by gluon eaisalon is t o g , 
hence the probability for a pair of Z° or V* e to give 
6 Jet* 1* s .2 . The background than amount* to 1 unit 
or R i .*. signal eo noise s 2/1. For Q produeelon 
one then requires two of the 3 jet* on esch side to 
reconstruct ths rtaaa of W. It i s hard to rstlaate tha 
running tlae required for this technique. However 
this analysis csn be done while eearchlng for other 
final atatee (Ex: the scan for Pj above). 

We look, next, at nonreaonanc final acatee: 
*• Heavy H i m H°' : The B 3 dependence of croea 

section suggests thet in scsrchlng for these psrtldes 
on* should elt at ehe highest energy available. The 
best signature 1* the large nuabar of Jeca or Jeea and 
leptone with dl-Jat aaasea at V, 25* aaaa end dl-lepeon 



aaas at tha Z maea. This elgnature Is relatively 
background free. The probability that a l l tha decay 
products are Jats and lepton pairs Is % 10X averaged 
over neutral and charged Higgles. From Table 2 tha 
cross section Is ^ .2 unit of ft E .3 events/day at 
the 10% efficiency above. A year of running will 
yield s 110 eucb events* This sight be enough to use 
the di-Jet M M technique and to reconstruct tha 
Hlgga mass. It is not necessary that this b* a l l 
dedicated running. Once again the search for the 6 
jets can be dona in conjunction with other searches. 

3. Suparsymwetrics : For example consider 
scalar muon pairs (0" P •*• U U Y Y>- The signature i s 
a lepton pair vith missing energy. The background 
Is ITV '•*• p+v urO . u pairs are produced at 24 units 
of ft. From Rsf. 2(c) a cut on solid angle at BOX 
leaves 4 units of ft. For three generations the -
BR. V * ev ia l / U . Hence the background la 4/(12) 
unite of R - .03 vhlla the signal is s .3 units 
(slg./BC =17). In two sooths of running a signal 
of =r*00 events ere obtslned with- 6X contamination. 
Td establish that a scslsr auon was produced night 
require sapping out the 6^ end sln 26 dependence of 
the production cross section. For sore details sea 
Xsfs. 4, S. 

Another supersysswtrlc state of interest Is 
7 f̂ with T{ •¥ qqq" y. The signature i s 6 Jets with 
lsrs« Bluing energy. As we have seen* heavy Higgs 
production can yield 6 yets but with no missing 
energy. Howev«r_to establish that the origin of 
these Jets Is q q2 production is difficult. One 
Indication would be that Z?"s and We are not 
Involved i . e . the process i s not an electro-weak 
process. For example if in addition to the abaence 
of missing energy none of the dl-jet m«r.*c2 were 
found to be at the Z° or V mass. 

6- Electron Coapositenese; If the electron i s 
a composite object with inveree else A, this fact 
must be reflected in a deviation of the Bhabha 
scattering cross section from the electroweak expect­
ation 6 . The deviation will be of order (s or t)/oA 2; 
see references 7, 8. 

Thus, the best way to search for electron sub­
structure i s to plot, aa a function of coa8, the 
fractional deviation of the measured Bhabhs cross-
section from the electroweak one; 

4o<eV •* eV) /d (cos B>| 
iV .(cos B) : =2tt - 1 . 

Finally* we mention that, aa^/ii* approaches A, the 
Bhabha cross section growe like s/AJi at a l l angles, 
and ultimately flattens out to the "strong-intersctlonN 

goemetrlc croes section * 1/A2. 

dO(sV •*• e+e-)/d<eos B) | w 

The fact that this always vanishes In the forward 
direction allows one to normalize the measured cross 
section to the electroweak prediction at small 0. 
Assualng £ - lO^oT'sec" 1 at-ŷ S - 700 CeV, a 5X 
(statistical) measurement of the Bhabha crosa section 
would take 1-4 x 10° seconds per measured point. A 
true SX measurement over the range Jcoa 6| £ 0.8 
should take 1-2 years at most'. 

To see what this means in terms of setting limits 
on substructure, we have determined values of A 
which give 0.5 4 |oCel •& ° - 1 0 o v * r * lsrge angular 
range. Thla was done for several choices of tha 
space-time structure of the effective n e e Inter­
action lnducad by composlteness. The results for 
the most pessimistic snd most optimistic esses are 
shown in Figs. 3a and 3b, respectively. Ue. ace that 
a 5X cross section measurement eets the following 
limits on A: 

A > I t TeV 
A > 30 TeV 

(left-left model} 
(vector-vactor or axial -axial model) 

Fig. III. 2: The deviation £«,, in per 
cent, of the measured 

• Bhsbhs cross section from 
the electrowcak one, assum­
ing electron composlteness 
at scsle A. 
(a) The effective Inter­
action Is (4na/2A2)eVYuer 
*LVJ,. w l t h A " 1 6 *•*• 
A right-right model gives 
nearly Identical reaults 
at these energies. 
(b) The effective inter­
act ions are (4wa/2A2)eYu 

e9v ue s with A * 32.5 TsV 
(solid lines) snd (4wa/ 
lA z)rf uY 5eey'v 5«, with 
A « 27.5 TeV (dashed line*). 
The ± eigne refer to e - l 1. 
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A potential background to tha a a annihilation 
physics Is the two pbocon ptocaas which haa a nearly 
energy independent total cress saetloa. Fortunately 
only a few of these events yield hadconlc final ststcs 
which hava invariant aassas •vJTas could ba salactad 
by a calorimeter for axaapla. *T„ astlaata this back­
ground va hava usad Varmeaereo10 aonte carlo program 
to ealculaca tha process, 

vis tha 6 contributing Q.E.D. rflsgreae. Ths rsta into 
« 'q la ralatad to V pair rata by 

0 CaV + Badrooa) - ( ^ ^ 9 i >0<aV+ w V ) 
flavor 

If wa require that aaeh V hava an enoray. 
> 0.8 E(Baaa) plus coplanarity cues than o(a a + 
) V ) * 0.23 x 10- n csT. This glvas o(a +s" + q q) = 
0.3 x l ( r 3 ' c» 2 vhich Is •» 10"3 units of *. Evan vlth 
lass strlngsnt cnargy euta tha two photon background 
raaalna tolarabla provldad raasonabla caloriaatry la 
avallabla. 
?. Lwnlnoelty rbnltot 

It Is clear froa ths physics sactlon that at 
laaat a reasonable ralatlva lualnoslty monitor la 
raqulrad. Bhabha's st aaasurabla forward anglaa ara 
too few at these energies. Large angle Bhabhaa and 
ll-palr production In addition to being small la also 
aodel dependent. Probably the aoat promising xonltor 
Is w pair production which aaounta to 20 units of X. 
The V pair la recognised by two dl-jate back to back 
each with a aass • K.. Other types of lualnoslty 
aonltor sight develop as wa gain experience with 
collidere. 
VI. Conclusion 

For aoat of the phyelca topics discussed, e +e" 
provides a good production channel. Rates are tyoie-
elly adequate, although a lualnoslty of 2 1033em"2 

sec**1 will be needed. Signal/background ratloe ara 
eubetantlally larger than those In hadcon machines. 
e+e- colliders with such luminosity Is tha subject of 
the next aectlon. 

Pinal stataa tend to be complicated. The beat 
signatures are multisets and laolated leptona, both 
quite often accompanied vlth mlaalng energy carried by 
non-Interacting particlae. A nearly 4tr aolld angle 
calorimeter with good segmentation will be needed to 
reconstruct multljet invariant saaaa* and to identify 
electrona and wuons. Partlclea Inside a Jet will be 
cloaely spaced (a typical two particle angular aepar-
aelon •>> 1°) making tracking lnslds a jac very difficult. 
However physics such aa was described above can be 
analyaed ual&g whole Jets aa units, therefore It need 
not suffer froa the lack of detailed tracking. 

TO. THE MXELCTATO* 

introduction 
To extend tha center of aaae energies well beyond 

IE? energies we follow the Idea 1 1 and the expectat­
ions 1 2 * 1 ' of colliding llnac beams. The second XCFA 
study 'has concluded that "storage rlnga sppaera to 
be lnposslbls for energies above 200 CaV per beam." 
In a linear collldlng-besm facility, wa face no bealc 
llaltetloa to extend the beaa energy far beyond LET 
energies. Ths lunlnoaity too la not limited by 
physics but rather by economic reasons, elnca the -
luminosity la limited only by the electrical power 
available to the facility. 

The principle of a colliding llnac beam facility 
la aa followa: Two linear accelerators, ons for tha 
electron beam and one for the poaltron beaa, face 
each other on tha aaaa axis. Both llnaca ara trigger­
ed elaultaneoualy, and both beaaa, after being accel­
erated and foeuaad down to a email cross section 
collide at the Interaction point. After the co l l i s ­
ion tha beams are dlapoeed of alnce they ara not use­
ful any more for further collisions. Thla mods of 
operation avoids the negative effects of tha so-called 
bet-m-beaa Interaction which llmlce the lumlnoalty la 
atorage rings. In linear colliders wa ara actually 
aiming for a large baas-beam effect. Tha focusing 
affect of one beaa on the other can, if atrong enough, 
reduce the affective beaa croes ssctlon and enhence 
the lualnoslty by up to a factor 6. This la what we 
call the pinch effect Is linear collider facl l l t iee . 

Froa tha principles of linear colliders It i s 
Immediately obvious thsc ths lualnoslty for a partic­
ular facility ia Halted only by tha pulse repetit­
ion rata of tha linear accelerators. 

la this section wa will deecrlbe tha paraaetera 
of a high-energy linear collider facility to reach 
centar-of-aass energies of 400 to 2000 CsV. In the 
courss of ths discussion wa will encounter design 
specifications which heve not yet been demonstreted 
in e real accalaretor and ara therefore eubject to 
MD affort. Tha Idea of this section i s not to 
demonatraca the economic feasibility of colliding 
llnac beaaa with preaent-day technology but rather to 
emphasize the poasibllltiea opened up by the Idee of 
colliding llnsc bssma to reech high cencar-of-masa 
energlee and luminosities for e"V physics. 

Many of tha crucial paraasters are being lnvestl-
gsted end pushed to their limits st SLAC In prepar-
stlon of ths SLC project . 1 8 Should the SLC project 
become funded It would function not only as a tool to 
explore the Z0 physics but also be the prototype of a 
colliding lines beaa facil ity. Crucial paraaetera 
could ba studies' end limitations thereof be found. 

In thla report we eaeuae thet the SLC la operat­
ing at or close to Its design performance, tfe also 
sssuaa that certain UD efforts to develop speciel 
rf-power sources snd hlgh-gradlane accelerating 
aactlona ara successful. All these sfforts sre not 
ao much nececssry to provs the principle but rether 
to sake linear collldera economically feeslblc. 

Linear colliders offer eaveral properties that 
alght ba useful for high-energy phyelcs experiments: 

• high polarization of tha electron besa 
la any direction Is available at very 
low cost and for every experimental area. 

• polarltatlon of tha positron beam la 
possible but st some coat alnce a long 
undulator la required to produce polarized 
gaaaaa which Is turn produce polarized 
positrons in s tsrget. 

. a switch froa e+e~ to a~a~ coll is lone la 
vary eaay to perform however at a loaa of 
luminosity since there la no pinch effect 
any mora. 

. e-p collisions ars immediately avail­
able by the addition of a 30 to 50-CeV 
protoa injector. 1 0 Above thet energy a 
linear accelerator works the saaa way 
for protons as for electrons. 

. while one of the beaaa after colllalon 
la used to reproduce poaltrona, ths 
other beam ia avallabla for fixed target 
or beaa dump experlaence. 

. mora exotic colllelon like rr or fa 
have been euigeeted. 1 9 
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Daaisn Goala 

The pbyalea aa described In previous eectlone 
ealla for maximum center-of -mass energleo of ac laaat 
1000 CaV and possibly abova. Wa v l l l tharafora explore 
the peremeters of lloaar collldara from about 600 CaV 
up to 2000 CaV. Aa wa aantlonad before, tha lumlnoelty 
la limited by tha alactrical povar avallabla to tha 
collldar. In thla atudy va hava arbitrarily aaauaad a 
aaxlaua alactrical power of 

'AC 100 Ml C"I'.1> 

avallabla to tha facility Halted only by budgetary or 
enviTonaentol conaldaratlona. With tha lualnoalty 
being proportional to thla povar wa will calculate and 
dlacuaa tha paraaatara required to a t l l l raach a lualn­
oalty of 

" Z . 1000 CaV 
mi. z) 

This la tha lumlnoalfcy Into ona experiment only whlla 
tha othera would not gat any lualnoalty. Up Co four 
experlaenta, however, could receive each a quarter of-
thla luminosity. Linear Collldera give the opportunity 
to give a l l avallabla lualnoalty to running detectore 
only. 

Thla flexibility la avallabla by accelerating up 
to four bunchea aiaultanaoualy In the llnace at no 
extra povar cost aince only a small fraction of tha 
electrical power la transferred to each bunch. By 
proper phaalng of the ecceleracing field In the llnac 
aactlona al l four bunchea can reach the aama experi­
mental aree. By * different way of phaalng, i t can be 
arranged that al l four bunchaa hava allghtly different 
energies and a deflecting aagnat at the end of the 
llnac will guide each bunch to a different experlaant. 
With the proper phasing the above total lualnoalty can 
be divided aaong tha active experiments at a variety 
of energlee. The options eeea to ba limitless. 

Scaling Laws 
The lumlnoeity in a linear collldar la given by 

mi.3) 

where • la the number of particles par bunch, u la 
the pulae repetition rata, 4x0* R • 4ixj v-a x la the beam 
cross section, R tha aspect ratio, Ov the number of 
bunchea par beam to collide in one Interaction point 
par llnac pulse, and p tha lualnoalty enhancement factor 

due to the pinch effect. 
The luminosity enhancement factor p la determined 

by tha so-called beam disruption parameter 

10-Ju+l) (VII.*) 

(o, bunch length) aa shown in Fig. VII.1. The trine-
verse electromagnetic forces exerted on any particle 
by the other beam causes this particle to emit 

rig. VII. 1: Lunlnoalty enhancement 
Factor p • &/&. ae a Function of 
cha Dlaruptlon Factor. 

aynchrotron radladon which i s called beem ftrahlung. 
Thla In turn lncreaees tha energy spraed In tha beam 
by » 

I 
* l 

YF(«), mi.s) 

with 
» 1 

and r - 3/»* - 10/R2+3s Q 

1 1 atan (vf/q) for F > 0 

,2 

F(» 
for * < 0 

(VII.6) 
3 /1 ' + B/R+3. Thla anerg: 

spreed haa to ba llvited depending on the kind of 
experiment performed. -•• the linear collider. 

Tha number N of pertlclea per bunch la limited by 
weke field affacte In the linear accelerator. A beam 
that paaaaa a llnac aectlon with a small transvaraa 
displacement excites modes with noniero fields In tha 
canter of the accelerating atructure. Is particular 
tha fields generated by the head of the bunch act 
back on the tall of tha bunch and Increaae the beam 
else. The effect on the beam depends on tha beam 
alignment, tha gradient (g) , and tha ratio of tha 
final energy (E) to tha injection energy (E„). These 
affects have bean calculated in the SLC caaa for an 
ram beam displacement of .1 ami. Tha increase In norma 
lied beam emlttanca la acy - 3 x 10"Vr, and the 
resulting mealing factor A determining B i s " > « 

K'lnCE/K ) 
• 1.5-10' .10 

MaV (VII.7) 

The final boundary condition wa want to obaervo la th 
total power avallabla to run the rf eyatea of the 
linear collldar. 

'AC 
2T 

1-a .-*"r , 
j £ _ 

"rfq 
• agEvi . (VII.8) *mp 

.33, n . 0.3, (a • 3.9-10 JMW/Gev/(HeV/m)/iec for T < 
v t f - 401.0 m i and r/Q - 9470 (!/•).« 

Bare tha factor 2 accounta for the two llnacs, n 
la tha efficiency to tranaform electrical Into rf 
power, T la the attenuation constant of tha acceler­
ating atructure, and u rf(r/Q) -v. ujf rf frequency-
relatad parametere. 

Wa will use Eoa. (VII.3) through (VII.8) to deter­
mine the performance of the linear collider In tha 
next aactlon. " 
Parameters and Performance of tha Linear Collider 

Eqa. (VII.3) through (VII.8) do not uniquely define 
al l Important parametere. We will have to fix soma 
psrametera tha selection of which can greatly Influaac 
tha performance of tha linear collider. Wa will make 
tha following selection of free paraaatara: 
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(VII.9) 

IT* a t U l hava to daelda oo tha nuabar o f part l e laa 
par bunch. According to Eq. (VII.7) tha value for M 
can ba ralaad aa tha Inject ion energy E Into tha 
l lnac la Ineraaaad. Thla can ba dona by tha fol lowing 
t r i ck . Aaauae «* hava an accumulator etoraga r ing of 
eay I • 10 CaV. A pracaadlni 10-GaV l l n a e producaa 
pule** of lovar lntenel ty * ( H a l t e d only by wake' 
f la lda) a t a rata u , aucK faatar than tha pulaa 
r e p e t i t i o n rate v t _ 5? a , . M l B H n , c . Th.aa ara 
atored In tha aecuaulator atorage r ing . Tha r e e u l t l s g 
high intenel ty bunchaa ara than extracted to tha l l n a c . 
Aa lonf aa wa hava th* ra la t lon ^ T t v o » 0 2 v r a p R tha 
achaaa vorka. . In Tabla VXI^l an exaaple- of an accuaul-
ator acoraga ring aatchad to tha requlreaenta of th* 
l lnaar co l l ider la ahovn. Tha aaxlaua Intanalty No of 
p a r t i c l e * In th* faat cycl ing l lnac can b* dataralnad 
by axparinanta Ilka thoa* balng parforaad a t SLAG In 
e o n n c t l o n with tha SIC prograa. 

Table VII.1 
Energy E o * 10 CaV 
Heaping ring 4 - 1.75 naac 
landing radlua p • « 3 a 
Clrcuafaranca c « M0 a 
Total rf powar »rf - 1 1 * 
Baan aalttanea CY - 3*l(rs a 
Enargy apraad at/f 0.13% 

Tha paranatara of Tabla VII.1 ara antlraly faaslbl* and 
do not poaa any preblea. 

Tha l a a t fraa paraaatar wa want to chooaa l a th* 
anargy apraad AE/E du* to baaa atrahlung. Iha a l l c v -
abla anargy apraad w i l l ba H a l t e d by tha raaolutlon 
rcqulrad In tha high-anargy phyaica axpariaanca. At 
vary high energlea, however, no phenomena ara expected 
that require a vary good anargy raaolut lon. Since tha 
allovabla anargy apraad haa aoaa Influanca on tha 
achlavabla lua lnoe l ty , i t w i l l ba choaan 00 aa to 
aex la lze tha lualnoalty . By now a l l paraaatara in 
Eqa. VII.3 through VII.S a n althar flxad or deter-
alnad by cha equatione and Fig. VII .1 . 

In Flg.VZJ.l ua <how tha lualnoalty arrlvad h t by 
tha aaauaptiona Juat aada aa a function o f energy. 
For tha anargy apraad dua to baaa atrahlung wa hava 
aaauaad &E/E • 0.03 and 0 .10 . In tha eaaa of Ml • 
0 .10 wa hava a lualnoalty of nora than l Q 3 3 c m - * M C - l 
up to Ic.m. " 1 0 0 ° '**'• " " lualnoalty now la l l a l t a d 
puraly by tha a l c c t r l c a l powar and can ba changad 
proportional to that power. 

By manipulation of Eqa. VII.3 through'VII.B wa 
can expreaa cha lua ino i l ty in taraa of quant l t laa 
detarained by axtamal rachar than fundaaental H a l t - • 
atlana and gat: 

•www U> K • AC 
E 3 / 2 0 In E/E 

* (VII.10) 

900 1000 1500 2300 
t«» tSfVI _ 

I l g . VII .2: Lualnealty 

Bar* w* hava uaad tha approxlaatlon *{*.) • f / I 
which la a good rapraaantatlon of Eq. VII .6for t » 1 ' 
and f 3 1.07. In tha axaaplaa of thla nota tha valuaa 
for K vary batwaan 3 and 10 for AE/E • 10Z and batwaas 
* and 19 for AE/E - 31 . Thla ra la t ion c lear ly 
axhlblt tha acal lng of th* lua lnoai ty with varloua 
fraa paraaatara. S p e c i f i c a l l y v * nota for FAC " conat 
that • 

and 

0 •<• •Jatlx 

St «. 

sc «. 

-3 /2 

Uo„ 

(vii.u) 
(VII.12) 

(VII.13) 
Tha l a a t ra la t lon t a l l ua to raducc tha vert ica l baaa 
a l i a aa auch aa poaaibla . Tha lowar H a l t of tha 
baaa height 0_ w i l l ba aat at any t l a a by tha e t e t e 
of the art for tha a t a b i l l c y In time of xoet of tha 
conponent of a l i n e a r c o l l i d a r I lka powar auppllaa, 
ground not ion a t e . Fig . VII.3 doea not ahow a pura 
l lnaar dependence on Oy ainca wa hava chaaan O- "- E"1* 
r e f l e c t i n g tha adlabatic daaplng. 

KJS* 

- . 2 

\ 
I'O" 

I0» 

:~t 1 1 : 

P^'IOOMW 
• \ o £ / E » 0 % • 

\ \ 

. X . \ f t * 0.20/im 

ff|*0.40/UTiS1t 

\ -

L , , ^ 1000 1500 
It*. IGeV] 

F i g . VII .3 : Lualnoalty for Different 
Baaa Ralghta 

Ha a l e e not* froa Eq. VII. 10 that In order to 
keep tha lualnoal ty conatant wa hava to raiaa tha 
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AC 
, 3 /2 (VII .W) 

The s iap la ralatlona VII.11 through VII.14 ara not 
axaet aioce by changing any paraaetar va alao ehange. 
tha dieruption paraaatar 0 and therefore changa eha 

-luainoaity anhancaaanc factor. Tha arrora. howavar, 
ara too avai l to change tha general e c a l l n g . 

A£/E-i0% 

900 1000 1500 2000 • 

K g . VXI.4: Elaetrtcal Fo««t Versus 
Energy for Com tant 
Lualoaslty. . 

Conclusion 
Proa a tachnlcal point uf view a l lnaar c o l l l d a r 

of high anargy and lualnoalty cannot ba oparatad 
aconoalcally at cha praacnt data. A aarlaa of RU> 
afforta In different araaa ara raqulred to produca tba 
nacaaaary technology for an aconoalcally faaalbla 
l lnaar c o l l l d a r . No fundanantal H a l t s , however, have 
baan found aa yat chat would prevent ua froa reaching 
tha goala outl ined In thla report. Moat of tha 
c r i t i c a l consonant w i l l b e taatad in a "real I lka" 
al tuat ion onea tha SKr^coaaa into operation. Beyond 
that auch RfiD la required In rf-power aourcaa to r e ­
duce tha power consumption and in high gradient a c c e l ­
erating ecructurea to a l n l a i i a tha required real 
aatata and l inear construction coats . 
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unxsu A 
M-1«t Maaa 

M a nodal conaidar tha production of w palra at 
700 CaV at anargy. with aach V dacaylng into o n Jata. 
Ignora partlela aaaaaa In tha jat (noacly «• • ) . Tha 
V will look Ilka a i ° » 2Y'a. Than at tha mln. open­
ing angle 

| 2 E 2(l • li'cdl-jat) 

Min. opanlng angle 0 a 

»a 9 ) . 

23. S" 

^ • ^ J l ) , * ( J » ) 
where : Z - aingle Jet energy, &E tha enerny Maaun-
aant arror, A9 tha elngla Jat angular arror (1/2 ang>a 
of arrot-cona). 

Tha SLC vorkahop raaulta hava ehown that tha 
direction of a Jat can ba aeeeurad vlth an arror of 
* t 23 n.r. , uelng electroaagnaclc and hadronlc calori-
aatry. They al*o ahovad that t 30t of jat energy la 
alactronagnatlc and tha raat ia hadrooie. 

Ualng oaloriaetry elallar to tha SLC l .a . vlth 

a.a. * OM& 
tha energy division above, then in our case: 

an 

250 
•*•-—w4vr 

L- L luiiaa . 

no 

B 
O

F 
EV

EN
TS

 

a f] 
. J 

so 

~ - ! ~ . . /XJT— 
u » n n 13 n mo 

Di-jet Invanint nus (GsV) 

Jig. A.li Dl-Jet invariant I U I distribution 
In e + e -*• V+V~ aach decaying into 
2 Jets. Jat energy and angle are 
Measured in a fine-grain calori­
meter. Only the combinations vinh 
E(Tot) equal to team energy are 
plotted. Froa Ref. 24. 

^ ' j a t 
s 1 x 10 ,-3 

W! ~ 3.5 x 10"3 

Thia givaa " = 7X. (Saa Mg. A.1) 
Thla eetlaaca la optlalatle baeauaa of a aaall 

loaa of anargy in undetected partlclaa, and paaalalat-
lc baeauaa cha angular arrsr doainatee and ua calculat-
ad It at aln. opaning angla. 

It ia lntareatlng to compare thla with -JJ for a 
.5 CaV n" In tha eryacal ball at SPEAK 4E - 2781, 

Tha aleuatlon la battar for tha caaa of > aw'a 
aharlng 700 CaV equally baeauaa cha aln. opining angla 
la largar and hence tha dominating angular arror ia 
aaallar. 
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. V * R 
o / o p n = 

• a r t i c l e 
Da car 

Jac (Max) 
Conease REMARKS 

zV 
Z°Y 

* 2S 
* S 

* 30 

Jat I 
Laptona 

4 
4 

2 4- SAM 

With known U'a and 2°„ th la conatltutea a aarloua 
background, However ang. d l a t . i s strongly peaked for­
ward - backward, .alao Z'a, U'a can ba used aa 
a cag. Z°Y can ba e e a l l y racognlzad and e l la lna ted . 

Known 
Quarks 

0(2/3) Q 

Q(-1/3)Q 
Total 

•v 2 

* 1 
* ».0 

Jata 
w 

2 

2 

Xncludaa Z° contribution aa wal l — Y. Thay alao 
eoapl lcsce analyala dua to gluona, henca ara alao 
a background. Howaver tha two Jata ara back to 
back. 

Hew «aa. 
5000 Like 

z" 

Assuaa coupling a l s l l a r to Z°. I"/M' • 17M(Z°) 

z°(na 
200 CaV) 

5000 Like 
z" 

* 3Z. To study vary wall E-bsea raaol . ahould 
ba batter than 32 . 

Hew Oala 1 -» 2 • , t'Uka 2 
alaoat 
b-to-b 

Will have substant ia l weak decay q' -»V + q , H + q. 
T(q' •» u + q) s 6 » 10~ 3 M ' . Separation of two 
oniuas =; 5 * 10"Ti ' . Hence reaonance l a broadened. 
Moat pronlalng detect ion l e by R stepe at threshold 
and apherlc l ty above threahold, and by Juap in U+ w~ 
free weak decay. 

Tachnl-
colour 

700 CaV) 
^ .10 

p t * V T 
ft. • Long. 
HI. Z. V 

4 

pf l a auppoaed t o ba very wide. I t s t a i l s i g h t 
ba aeen at E 700 CeV or l e s e . * alao looks 

. l ike e Hlggs. M(t T ) (10 » 100) . Sea Fig . 1 for 
aat laatea in two aode la . and Xaf. 3 for oore 
d e t a l l a . 

H#v B i l l s 
• I t 

1 
M - 200 

6 Can be produced up to k i n . l i s . t t .0 1 • E—, - h \o . 
Tha Z or W* can be uaed aa a tag. Inv. Bass 
of d i - J e t ia needed. New Aiggaes can ba accosnodated 
in tba standard aodel . Study of Hlgga la beat a t 
high energ ies . 

Z° + H° 
M(H».')= 
200 CaV 

• I t 

1 
M - 200 

6 Can be produced up to k i n . l i s . t t .0 1 • E—, - h \o . 
Tha Z or W* can be uaed aa a tag. Inv. Bass 
of d i - J e t ia needed. New Aiggaes can ba accosnodated 
in tba standard aodel . Study of Hlgga la beat a t 
high energ ies . 

1 B . I ! 3 fl •• heevy 
9 - pair* 

4 CO & 

0 faccor requirea energies abnve fl' nasa. Di-Jet 
suae i s needed. It* B~ has e l n 2 9 d i s t r i b u t i o n , 
tha No. of Jata dependa on quark saases . 

Sup. Sywm 

d f I 
•«• . 5 ' 

q ~ q + Y 

q * q * i 
i "•• q 5 7 

« q ? 

d f I 
•«• . 5 ' 

q ~ q + Y 

q * q * i 
i "•• q 5 7 

« In that caaa we get two jeca back to backs laoat with 
soma a l s s l n g energy, fl3 factor and sin J8~~forTj ? . 

O 0 

.32 

.14 
Y i s un­
seen 

2 
These ara acalar leptona. They behsve l i k e sca lar quarka 
with q replaced by t. The energy sca le for aupar s y m . 
eight be l i k e weak Inceractlona t .00 CeV. Note B 3 fac t -
end s i n 0 d i s t r ibut ion . 

( q ? T * 
•v. 2 Thee* ere euppoeed to be lep'tons with spin 1 /2 . See 

Reference 3 . 

Dapenda 
on acala 

A 

Can place H a l t s on e l ec tron ' s Inverse s i z e A > 16-30 TeV. 
AC^AT 1- A, 0(e+e~ -> e+a") •*. l / A 2 . a "strong" lntarectlon 
croas - sec t loa . 
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TA1LE I I . 

S t s t s z° «r •' ••Q 
* 

test test (cos • < .»)' 

1 •V SOOO *• 10-20 i. . 3 1. 2 \> 33 t> 20 

R/'OST 

tse - io 3 3 73000 130-300 • 30 323 300 

4 unit* for tuparsyaMtrlc p » r t i c l « . 

*• W+ U", Z°Z° *ft«r cuts for ao l ld «Qil« (Ra£. 2 (c>) j i v« 5 u n i t s . R#«alnd«r 
(14 utiles) ImCt uncut. 


